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APPENDIX B 

BACKGROUND INFORMATION ON GROUNDWATER MANAGEMENT 

A. Past Colusa County Groundwater Management Efforts 

A.1 Organization 
The organizational structure for groundwater management in Colusa 
County was initiated when the board of supervisors appointed a 
Groundwater Committee on March 19, 1996.  The Groundwater Committee 
was charged with reviewing existing groundwater conditions, use, and 
management within the county for one year and concluded that there was a 
need for “protection from the social and economic impacts which could be 
caused by a depleted local groundwater supply.”  (Colusa County Code, 
Chapter 43) This ultimately led to the adoption of the County’s groundwater 
management ordinance, which created a Groundwater Commission charged 
with processing applications for permits for groundwater transfer. 

A.2 Colusa County Code and Ordinances 
In Colusa County, groundwater is currently regulated by several codes and 
ordinances, related to well standards, environmental review, groundwater 
management, and zoning.  These codes and ordinances are presented in 
Appendix B. 
Chapter 35 of the County Code sets forth well standards for the County.  
The standards require that a permit be obtained prior to construction of a 
well within the County, and also describe the minimum construction 
requirements for wells within the County. 
The County’s environmental review policy (Chapter 41 of the County 
Code) describes impacts that should be considered in a coordinated 
environmental review and assessment.  These impacts include those related 
to groundwater and groundwater rights, existing water system 
infrastructure, and the economic value of water rights. 

Chapter 43 of the County Code contains regulations on groundwater 
management, which “requires a permit for the export of groundwater 
outside the [C]ounty and is not intended to regulate groundwater in any 
other way.”  Groundwater substitution transfers are also subject to the 
established groundwater transfer restrictions. 

The County’s zoning regulation (Ordinance No. 534) establishes the 
following requirements for obtaining a building permit or subdividing 
parcels: 

• “Prior to the approval of any subdivision creating five or more parcels or 
any parcel map creating four or less parcels the proponent shall 
demonstrate to the satisfaction of the county that sufficient water exists 
within the underlying aquifer to support the ultimate population for the 
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lands which overlie the aquifer, or the proponent shall provide a water 
development plan, which demonstrates that sufficient water will be 
provided to the residents for domestic use and fire protection.” 

• “Parcels shall have a test well dug and certified to yield a minimum of 
five gallons per minute for twenty-four hours. If feasible, the test should 
be conducted not sooner than one month after cessation of winter rains.” 

A.3 Colusa County General Plan 
Although the County’s General Plan, published in January 1989, does not 
include a Water Element, it does include extensive discussions of 
groundwater as it relates to land development.  The water portion of the 
Community Services Element establishes a number of policies related to 
groundwater, including: 

1. The county should support State water policies which ensure that the 
county has first right to water originating locally. 

2. As its financial resources permit, the county should support studies that 
improve the understanding of the limitations of its groundwater basin.  
Opportunities to obtain additional state and federal assistance in this area 
should be encouraged. 

3. An organized program of well monitoring which evaluates the quantity 
and quality of groundwater at municipal wells in the county should be 
initiated. 

4. Where no surface water source is available, the availability of 
groundwater sufficient to meet project needs should be one of the 
primary considerations used to determine the suitability of a site for 
development. 

5. The potential impact of development on the quality and quantity of water 
in existing wells should be a primary consideration for proposed 
projects.  Future development shall be located in a way that ensures the 
long-term provision of water to existing and future county residents in an 
economically feasible, financially sound manner. 

6. Creation of new domestic water districts should be discouraged. Merging 
of independent water districts into municipal or public utility districts 
should be encouraged as each community grows.  Where public water is 
available, new industries within Community Plan Areas should be 
required to tap into this supply rather than drilling independent private 
wells. 

The Conservation and Open Space Elements of the General Plan also 
include policies related to water resources, including: 

1. Waste disposal sites and other sources of hazardous or polluting 
materials should be discouraged in close proximity to streams, creeks, 
reservoirs, or the Sacramento River groundwater basins. All future sites 
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shall comply with the RWQCB's requirement of filing a Solid Waste 
Assessment Test (SWAT report). 

2. An adequate water supply for the county's domestic, agricultural, and 
wildlife needs (especially migratory waterfowl) should be assured by 
working with state and federal agencies responsible for water projects. 

3. The county should support the development of a multi-county 
organization, including, but not limited to, Glenn, Colusa and Tehama 
Counties, for the management of the Sacramento Valley Groundwater 
Basin. 

4. The Sacramento Valley agricultural lands should be preserved to the 
maximum extent possible to ensure recharge of the Sacramento River 
ground water basin and water-bearing soils. 

The General Plan further includes a number of groundwater-related criteria 
associated with specific land use designations. 

A.4 Existing Groundwater Management Plans 
Several water districts within Colusa County have established GMPs under 
AB 3030.  These districts include: Reclamation District No. 108, Glenn-
Colusa Irrigation District, Princeton-Codora-Glenn Irrigation 
District/Provident Irrigation District (joint plan), and Westside Water 
District. 

A.5 Regional Water Management Activities 

A.5.1 Sacramento Valley Water Quality Coalition 
Formed in 2003, the Sacramento Valley Water Quality Coalition (Coalition) 
was organized to enhance and improve water quality in the Sacramento 
River, while sustaining the economic viability of agriculture, functional 
values of managed wetlands and sources of safe drinking water. The 
Coalition is comprised of more than 7,500 farmers and wetlands managers 
encompassing more than one million irrigated acres and supported by more 
than 200 agricultural representatives, natural resource professionals and 
local governments throughout the region to improve water quality for 
Northern California farms, cities and the environment (SVWQC, 2007). 

The Coalition developed and submitted its Regional Plan for Action (Plan) 
to the State Water Resources Control Board and the Regional Water Quality 
Control Board for the Central Valley (Regional Board) in June 2003. The 
Plan serves as a road map for the Coalition by describing a watershed 
approach for the Sacramento Valley. The Plan will help the Coalition 
implement the SWRCB and Regional Board's Strategic Plans by 
concentrating on entire watersheds rather than focus on specific constituents 
or discrete discharges (SVWQC, 2007).  

If the magnitude and duration of the toxicity or water quality objective 
exceedance is sufficient to warrant implementation of management 
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practices, the Coalition will mobilize its partners at the subwatershed area 
level to work with growers to implement practices intended to improve 
water quality (SVWQC, 2007).  

A.5.2 Sacramento Valley Water Management Agreement 
In 1995, the California State Water Resources Control Board (SWRCB) 
established a Water Quality Control Plan for the Sacramento-San Joaquin 
Bay Delta (Bay-Delta).  SWRCB held settlement hearings on the Water 
Quality Control Plan; Phase 8 of these hearings concerned the 
responsibilities of Sacramento River water rights holders to meet water 
quality objectives in the Bay-Delta.  In 2001, DWR, USBR, DFG, US Fish 
and Wildlife Service, State Water Contractors, and Sacramento River water 
rights holders requested that SWRCB stay and dismiss Phase 8 and instead 
allow them to work together toward meeting water quality objectives.  To 
do this, they formed the Sacramento Valley Water Management Agreement 
(SVWMA).  Subsequently, the SWRCB dismissed Phase 8 in 2003 and the 
SVWMA took effect. 
The parties to the SVWMA have proposed and developed workplans for 
numerous projects that would help achieve the objectives outlined in the 
1995 Water Quality Control Plan.  Colusa County is not a party to the 
SVWMA, but several water districts within the County are parties to the 
agreement. 

A.5.3 Sacramento Valley Integrated Regional Water Management Plan 
Colusa County is a member of the Northern California Water Association 
(NCWA), a group comprised primarily of water purveyors, other water 
rights holders, and counties.  NCWA was formed in 1992 to serve as a 
unified body representing the interests of its members with regard to water 
issues.  On behalf of its members, NCWA has spearheaded the development 
of the Sacramento Valley Integrated Regional Water Management Plan 
(IRWMP).  The IRWMP “core region” covers portions of Shasta, Tehama, 
Glenn, Butte, Colusa, Sutter, Yuba, Yolo, Sacramento, and Placer Counties.  
The IRWMP was finalized in December, 2006, and has the stated purpose 
of providing “a framework and forum to guide the development of water 
resources policies, programs, and projects” to meet the following 
objectives: 

1. Improve the economic health of the region. 
2. Improve regional water supply reliability. 

3. Improve flood protection and floodplain management. 

4. Improve and protect water quality. 

5. Protect and enhance the ecosystem. 
The IRWMP, which is supported by the Colusa County Board of 
Supervisors, sets forth various management strategies to meet these 
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objectives.  Implementation of the IRWMP is anticipated to be incremental 
as funding is available, with implementation conducted by NCWA 
members in the form of projects that contribute to the objectives of the 
IRWMP.  This GMP is one such project identified in the IRWMP.  The 
IRWMP is a “living document” that is planned to change over time as 
implementation projects further the understanding of the water systems in 
the IRWMP area. 

A.5.4 Four-County Coordination 
Colusa, Glenn, Butte, and Tehama Counties have established a history of 
working cooperatively to study the aquifer systems underlying all four 
counties.  In 2005, the counties, in an effort led by the Glenn County 
Department of Agriculture, collaborated to prepare the “Northern 
Sacramento Valley (Four-County) Drinking Water Quality Strategy 
Document”.  This document provides analysis of the water quality in the 
four-county area, and outlines strategies for protecting drinking water 
(groundwater and surface water) in the four-county area.  Regional 
collaboration is one of the strategies identified to “improve the 
understanding and management of drinking water sources.” 
In 2006, Colusa, Glenn, Butte and Tehama Counties formalized the four-
county efforts by signing a Memorandum of Understanding (MOU) to: 

1. Foster coordination, collaboration and communication between the four 
counties on water-related issues, to achieve greater efficiencies, and 
enhance public services. 

2. Provide a framework for the management and disbursement of funding 
associated with activities pursued jointly under this MOU. 

3. Improve competitiveness for State and Federal grant funding. 
4. In 2007, the MOU was amended with an addendum that served as a 

“Statement of Principles Regarding Water Related Programs and 
Projects.”  The addendum emphasized the need to work cooperatively 
and share water-related plans information among the four counties.  
These MOUs are included in Appendix C. 

B. Background of Regulations 

DWR’s 1999 Groundwater Management in California: A Report to the 
Legislature Pursuant to Senate Bill 1245 (1997) identified six types of 
authority to manage groundwater in California: 

1. Overlying Property Rights 
2. Local Agencies 

3. Adjudicated Basins 
4. Special Legislation Districts 
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5. AB 3030 (1992, Water Code §10750 et seq.) 
6. City and County Ordinances 

Of these, AB 3030 was the first action that created a formal procedure, 
including technical guidelines, for agencies to voluntarily formulate and 
adopt GMPs.  In 2002, the passage of SB 1938 amended Water Code 
§10750 et seq. to specify components that must be included GMPs, and to 
require that agencies have an adopted GMP in order to be eligible to receive 
most DWR funding for the construction of groundwater projects.  

DWR Bulletin 118, California’s Groundwater, although not regulating 
groundwater, defines the groundwater basins in California.  Bulletin 118 
was first published in 1975, and was updated in 2003. 

B.1 Voluntary Components of GMPs (AB 3030) 
The passage of AB 3030 created Water Code §10750 et seq. and identified 
the following components that could voluntarily be included in GMPs 
(these remain in the current Water Code): 

1. Control saline water intrusion. 

2. Identify and manage wellhead protection areas and recharge areas. 
3. Regulate the migration of contaminated groundwater. 

4. Administer a well abandonment and well destruction program. 
5. Mitigate conditions of overdraft. 

6. Replenish groundwater extracted by water producers. 
7. Monitor groundwater levels and storage. 

8. Facilitate conjunctive use operations. 
9. Identify well construction policies. 

10. Construct and operate groundwater contamination cleanup, recharge, 
storage, conservation, water recycling, and extraction projects. 

11. Develop relationships with state and federal regulatory agencies. 

12. Review land use plans and coordinate with land use planning agencies to 
assess activities which create a reasonable risk of groundwater 
contamination. 

B.2 Required Components of GMPs (SB 1938) 
SB 1938 amended Water Code §10750 et seq. to require that GMPs include 
the following: 

1. Prepare basin management objectives for the groundwater basin that is 
subject to the plan, including components relating to the monitoring and 
management of groundwater levels within the groundwater basin, 
groundwater quality degradation, inelastic land surface subsidence, and 
changes in surface flow and surface water quality that directly affect 
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groundwater levels or quality or are caused by groundwater pumping in 
the basin. 

2. Prepare a plan to involve other agencies that enables the local agency to 
work cooperatively with other public entities whose service area or 
boundary overlies the groundwater basin. 

3. Prepare a map that details the area of the groundwater basin, as defined 
in the department's Bulletin No. 118, and the area that will be subject to 
the plan, as well as the boundaries of other local agencies that overlie the 
basin in which the agency is developing a groundwater management 
plan. 

4. Adopt monitoring protocols that are 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 pumping in the basin.  
The monitoring protocols shall be designed to generate information that 
promotes efficient and effective groundwater management. 

5. Local agencies that are located in areas outside the groundwater basins 
delineated on the latest edition of the department's groundwater basin 
and subbasin map shall prepare groundwater management plans 
incorporating the components in this subdivision, and shall use geologic 
and hydrologic principles appropriate to those areas. 

B.3 Recommended Components (DWR Bulletin 118) 
DWR’s Bulletin 118 Update 2003, Appendix C recommends that the 
following additional elements be included in a GMP: 

1. Documentation of public involvement. 

2. Formation of a Plan Advisory Committee comprised of stakeholders to 
“guide the development and implementation of the [GMP] and provide a 
forum for resolution of controversial issues”. 

3. Description of the hydrogeology underlying the GMP area, including 
how it relates to the larger groundwater basin. 

4. Description of historical data for the GMP area, including: 

a. Groundwater levels. 
b. Groundwater quality. 

c. Inelastic land subsidence. 

d. Changes in surface flow and surface water quality that directly 
affect groundwater levels or quality or are caused by groundwater 
pumping.  

5. Discussion of issues of concern related to groundwater in the GMP area. 
6. Discussion of general historic and projected water demands and supplies. 
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7. Description of how meeting each BMO will “contribute to a more 
reliable supply for long-term beneficial uses of groundwater in the 
[GMP] area, and describe existing or planned management actions to 
achieve [BMOs].” 

8. Description of the monitoring program, including: 
a. Location of monitoring sites. 

b. Summary of monitoring sites by type and frequency of 
monitoring. 

9. Description of “current or planned actions by the local management 
entity to coordinate with other land use, zoning, or water management 
planning agencies or activities.” 

10. Provide for periodic reports describing groundwater basin conditions and 
groundwater management activities, including: 

a. Summary of monitoring data, including discussion of historic 
trends. 

b. Summary of management actions during the period covered by 
the report. 

c. Discussion, based on monitoring data, of whether management 
actions are contributing to achievement of BMOs. 

d. Summary of proposed future management actions. 

e. Summary of any plan changes (including modifications to 
BMOs) during the period covered by the report. 

f. Summary of actions taken to coordinate with other water 
management, land use, and government agencies. 

11. Provide for periodic reevaluation of the entire GMP. 

C. Discussion of Components not Explicitly Included in Colusa County GMP 

Several voluntary components of GMPs are not specifically included in this 
GMP because they are either addressed differently in the GMP, are not 
applicable for Colusa County, or are currently managed by other County or 
other governmental entities.  Each of these components is addressed below. 

C.1 Mitigation of Conditions of Overdraft 
No identified conditions of overdraft exist within Colusa County, so there is 
no need for mitigation of conditions of overdraft.  However, several BMOs 
are intended to protect against and facilitate mitigation of adverse impacts 
of groundwater overdraft: Protect Against and Mitigate Adverse Impacts 
from Groundwater Pumping, Maintain or Improve Groundwater Quality, 
and Protect Against and Mitigate Adverse Impacts to Surface Water and 
Wetlands. 
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C.2 Monitoring Groundwater Storage 
It is very difficult to determine groundwater storage because it cannot be 
directly measured.  The current understanding of the hydrogeology of 
Colusa County is inadequate to allow for any reasonable determination of 
the amount of usable groundwater in storage.  However, groundwater levels 
are directly related to the amount of groundwater in storage: when 
groundwater levels decline, groundwater in storage decreases, and when 
groundwater levels rise, groundwater in storage increases.  For this reason, 
groundwater levels are used in this GMP as a surrogate for groundwater in 
storage.  Avoidance of significant long-term declines in groundwater levels 
will assure that there is no significant long-term depletion of groundwater in 
storage. 

C.3 Specific Water Quality Concerns 

C.3.1 Saline Water Intrusion 
Colusa County is not adjacent to any saltwater bodies, and as such is not 
vulnerable to saline water intrusion as it is traditionally understood.  The 
freshwater sediments in Colusa County overly marine sediments that 
contain brackish water or saltwater.  The degree of separation among these 
sediments is not well understood, but it is possible that upwelling of 
brackish water or saltwater could occur under certain conditions, for 
example if excessive pumping of freshwater occurs.  Two BMOs effectively 
address this scenario: Protect Against and Mitigate Adverse Impacts from 
Groundwater Pumping, and Maintain or Improve Groundwater Quality. 

C.3.2 Migration of Contaminated Groundwater 
Groundwater contamination plumes in Colusa County are regulated and 
managed by the Sacramento Office of the Central Valley Regional Water 
Quality Control Board (RWQCB).  The RWQCB’s management actions, 
which include requiring containment of contaminant plumes, are effective 
in regulating the migration of contaminated groundwater.  For this reason, 
the GMP does not separately address regulating the migration of 
contaminated groundwater.  Two BMOs allow for action to be taken if 
necessary: Protect Against and Mitigate Adverse Impacts from 
Groundwater Pumping, and Maintain or Improve Groundwater Quality. 

C.4 Well Construction 

C.4.1 Well Abandonment/Destruction 
Colusa County’s Well Standards ordinance (Chapter 35 of the County 
Code) adopts DWR’s “Water Well Standards: State of California”, which 
includes standards for well destruction.  The County’s Well Standards 
further require that abandoned wells on a property be destroyed as a 
condition on permits for new well construction.  The County Well 
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Standards also allow a Notice of Violation to be recorded whenever “an 
abandoned well has not been destroyed in accordance with the standards.” 

The existing County Well Standards are sufficient with regard to well 
abandonment and destruction, so there is no need for the GMP to address 
this issue separately; however, the institutional structure of the GMP 
provides for the issuance of guidance to the County Environmental Health 
Department as warranted.  This guidance could include recommending 
more stringent well construction standards in specific areas of the County. 

C.4.2 Well Construction Policies 
DWR’s “Water Well Standards: State of California” includes detailed 
standards for well construction.  The County’s Well Standards include 
additional provisions that allow the County to require special well 
construction standards that include additional “seals needed to prevent the 
entrance of poor-quality water or its migration into other aquifers.”  These 
existing well construction policies are sufficient, so there is no need for the 
GMP to address this issue separately. 

C.4.3 Wellhead Protection Areas 
DWR’s “Water Well Standards: State of California” includes requirements 
that new wells have certain offsets from potentially contaminating 
activities, for example sewer lines and septic systems.  The County’s Well 
Standards also give it the authority to “require relocation of the drilling site 
should the location shown on the permit application be too close to potential 
sources of pollution.”  Currently, there is no identified need to have 
additional wellhead protection beyond the existing standards, so the GMP 
does not address this issue separately. 

C.5 Land Use Planning 
The GMP does not contain specific goals or BMOs for coordination 
regarding land uses that may contaminate groundwater.  The Colusa County 
General Plan includes a policy that: 
 “Waste disposal sites and other sources of hazardous or polluting 
materials should be discouraged in close proximity to streams, creeks, 
reservoirs, or the Sacramento River groundwater basins.” 

The Groundwater Management Coordination Action Item includes 
coordinating with other County departments to ensure that County policies 
and actions with regard to land use, zoning, well standards, and other 
groundwater-related items are consistent with the GMP.  The GMP also 
establishes a procedure whereby the Groundwater Commission can provide 
review and guidance to the County Planning and Building Departments.  
The coordination and guidance could include assessment of land use plans 
and activities that “create a reasonable risk of groundwater contamination,” 
particularly in the recharge areas of the Tehama Formation along the eastern 
foothills of the Coast Ranges. 
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The BMOs to Ensure Long-Term Groundwater Sustainability and Maintain 
or Improve Groundwater Quality allow for issues of potentially 
contaminating land uses to be addressed, but the GMP does not address 
these issues separately. 

C.6 Specific Groundwater Projects 
This GMP does not include the construction or operation of any specific 
groundwater projects. 
The understanding of the hydrogeology of Colusa County is inadequate to 
determine whether groundwater replenishment or recharge projects are 
feasible.  In many areas of the County, groundwater levels are at or near 
ground surface, so groundwater replenishment may not be possible.  Some 
of the Action Items included in this GMP will provide data needed to allow 
for further evaluation of the potential for undertaking recharge projects as 
part of a conjunctive use program. 

As previously discussed, groundwater contamination cleanup projects are 
regulated and managed by RWQCB, and there has been no identified need 
for further action in this GMP. 
The ability for any above-ground groundwater storage project to be 
effective would be dependent on the ability to store an adequate volume of 
water and then distribute water to users; this does not appear to be feasible 
at this time.  A more practical alternative is to Optimize Conjunctive Use of 
Surface Water and Groundwater (a BMO), which would effectively “store” 
groundwater by reducing groundwater use and instead using surface water 
when it is available, or to utilize groundwater to a greater extent to induce 
increased recharge. 
Water conservation and recycling projects have already been implemented 
by many of the irrigation districts in the County.  The cost and availability 
of groundwater provide an incentive to encourage conservation.  This GMP 
does not include the construction and operation of water conservation and 
recycling projects, but such projects would be consistent with the GMP. 

This GMP does not include the construction or operation of any 
groundwater extraction projects, and no such projects are planned by Colusa 
County.  Landowners within the County may plan, construct, and operate 
groundwater extraction projects, but the County is not currently involved in 
any such projects.  Implementation of the GMP will help ensure that 
projects are implemented consistent with the goals and BMOs set forth in 
this GMP. 

D. Procedures for Developing a GMP 

Water Code §10750 et seq. details which agencies may develop GMPs, and 
how those plans must be developed.  Key elements include: 



May 16, 2008  12 

1. A local agency that overlies part of a groundwater basin can “by 
ordinance, or by resolution…adopt and implement a groundwater 
management plan…within all or part of its service area,” so long as the 
area is: 

a. Not served by another local agency. 
b. Served by a local agency, when the majority of the agency’s 

governing body declines to exercise its authority to manage 
groundwater and enters into an agreement with the local agency 
developing the GMP. 

2. The local agency must publish notice and hold a public hearing about 
whether or not to adopt a resolution of intention to draft a GMP.  If the 
resolution of intention is adopted, the agency must publish it and provide 
a copy to any person who requests a copy in writing. 

3. The local agency must prepare and make available a written description 
of how interested parties may participate in the development of the 
GMP. 

4. The GMP must be prepared within two years of the adoption of the 
resolution of intention. 

5. Once the GMP is prepared, the agency must publish notice and hold a 
second public hearing about whether or not to adopt the GMP.  The 
agency must consider protests at the second hearing. 

6. Landowners within the area of the local agency covered by the GMP can 
file written protests at any time before the conclusion of the second 
public hearing.  The protest must include the landowner’s signature and a 
description of the land owned.  The land ownership will be verified by 
the secretary of the local agency. 

c. If protests are filed (and not withdrawn) by landowners that 
represent more than 50 percent of the assessed value of the land 
within the area of the local agency covered by the GMP, a 
“majority protest” will exist. 

d. If a “majority protest” occurs, the GMP may not be adopted and 
no new plan may be considered for a period of one year. 

e. If a “majority protest” does not occur at the conclusion of the 
second hearing, the local agency has 35 days to adopt the GMP. 

7. The local agency must adopt rules and regulations to implement and 
enforce the adopted GMP.  The local agency must consider the potential 
impact of rules and regulations on business activities, including 
agricultural operations, and minimize adverse impacts on these business 
activities. 
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E. Compliance Matrices 

Tables 1.1 and 1.2 illustrate the compliance of this GMP with the 
requirements and recommendations outlined in the previous sections.  
 

 
 



 

agricultural practice. A Good Neighbor Committee has been created in Colusa 
County to arbitrate and mediate disputes concerning agricultural operations.  
 
Dated and Signed 
 

 (i) The Colusa County Good Neighbor Committee may mediate disputes 
between agricultural and nonagricultural interests regarding land use. The 
committee will strive to aid in avoiding the filing of costly and time consuming 
nuisance suits by enhancing communications and offering mediation services. 

 (B) Structure. The committee shall be composed of an urban resident, a rural 
resident, one person nominated by the Colusa County Farm Bureau, one 
representative of the Colusa County Board of Realtors and the chairman of the 
Colusa County planning commission. The Colusa County agricultural commissioner 
is authorized to provide such technical information to the committee as is consistent 
with his role as an enforcement officer. Serving as technical advisors shall be the 
county's University of California Cooperative Extension Farm Advisors and the 
director of planning and building. All members shall serve without compensation. 

 

35-1 Intent of provisions. 

 (4) A good neighbor committee is hereby created in Colusa County to mediate 
disputes concerning agricultural operations and to act as a clearinghouse for 
information. 
 
 (A) Purpose: 
 

 
 (ii) The committee may be called upon as an advisory body to the county 
board of supervisors and planning commissioners in formulating land use planning 
policy for use in the ongoing development of the general plan and zoning ordinances. 
 
 (iii) The committee shall also act as a clearing house for information for all 
residents seeking information about agriculture and agricultural practices in Colusa 
County. 
 

 
 (C) Procedures. The committee shall meet on an as-needed basis by citizen 
request or at the request of any county legislative or regulating agency. The 
committee is obliged to provide, upon request, mediation services to any parties 
having disagreements on land use or cultural practices involving agricultural and 
residential/business users. (Ord. No. 510.) 
 

Chapter 35 

WELL STANDARDS. 

Sections: 

35-2 Definitions and interpretation. 
35-3 Permit applications--When required--Penalty--Exception. 

 



 

35-4 Permit application procedure. 
35-5 Permit filing fees. 

35-7 Permit--Denial. 

35-9 Permit--Suspension and revocation. 

35-11 Variances. 

35-13 Intent of chapter not compromised. 

35-15 Inspections generally. 

35-21 Submittal of state "Report of Completion". 

Section 35-1 Intent of provisions. 

 

 

Section 35-2 Definitions and interpretation. 

35-6 Permit conditions. 

35-8 Permit--Expiration. 

35-10 Well standards. 

35-12 Special circumstances. 

35-14 Special groundwater protection. 

35-16 Initial inspection. 
35-17 Inspection of well seal. 
35-18 Final inspection. 
35-19 Waiver of inspections. 
35-20 Completion reports generally. 

35-22 Completion reports--Confidentiality. 
35-23 Completion reports--Other agency's requirements. 
35-24 Appeals--Right of hearing. 
35-25 Appeals--Action by the board. 
35-26 Right of entry and inspection. 
35-27 Abatement of abandoned wells. 
35-28 Violation a misdemeanor. 
35-29 Civil enforcement--Notice of violation. 
35-30 Civil enforcement--Nuisance. 
35-31 Remedies cumulative. 
35-32 Reports to the regional board. 

 It is the purpose of this chapter to protect the health, safety, and general 
welfare of the people of the state of California by ensuring that the groundwaters of 
this state will not be polluted or contaminated. To this end, minimum requirements 
are contained in this chapter for construction, reconstruction, repair, and 
destruction* of water wells, cathodic protection wells, and monitoring wells. By 
enacting the model ordinance proposed by the State Water Resources Control Board, 
the board of supervisors is specifically intending to reserve the right to amend this 
chapter in a manner consistent with state law to address local problems of 
compliance and enforcement. (Ord. No. 509, § 1.1.) 

* The California Water Code section 13801(b) refers to well construction, 
maintenance, and abandonment standards. Since the Department of Water 
Resources "Water Well Standards" defines an abandoned well in terms of an 
undesirable condition, best remedied by destruction of the well, this usage is 
followed in this chapter. 

 

 



 

 (a) As defined in other documents. Except as otherwise required by the 
context of this chapter, the terms used in this chapter shall have the same meaning 
as in chapter 10 of division 7 of the California Water Code and the Department of 
Water Resources Bulletin 74-81 and subsequent supplements or revisions. 
 

 

 (e) "Well" or "water well." The California Water Code, section 13710, defines 
well or water well to mean "...any artificial excavation constructed by any method for 
the purpose of extracting water from, or injecting water into, the underground." The 
State Water Resources Control Board does not intend that potholes, drainage 
trenches or canals, waste water ponds, shallow root zone piezometers, stock ponds, 
or similar excavations be included within the definition of wells. 

 

 (b) "Board" shall mean the governing board of the local jurisdiction having 
well standards authority: the county board of supervisors. 
 
 (c) "Enforcement agency" shall mean that agency(s) designated by the board 
to administer and enforce this chapter. 

 (d) "Person" shall mean any person, firm, corporation or governmental 
agency, to the extent authorized by law. 
 

 
 (f) Tense or gender. Words used in the present tense include the future as 
well as the present. Words used in the masculine gender include the feminine and 
neuter. The singular number includes the plural, and the plural the singular. 
 
 (g) Section headings: when contained in this chapter, shall not be deemed to 
govern, limit, modify, or in any manner affect the scope, meaning, or intent of the 
provisions of any section. (Ord. No. 509 § 1.2.) 
 
 
Section 35-3 Permit applications--When required--Penalty--Exception. 
 (a) When required. No person shall dig, bore, drill, deepen, modify, repair, or 
destroy a water well, cathodic protection well, observation well, monitoring well or 
any other excavation that may intersect ground water without first applying for and 
receiving a permit as provided in this ordinance unless exempted by law. 
 
 (b) Penalty for failure to obtain permit. Any person who shall commence any 
work for which a permit is required by this ordinance without having obtained a 
permit shall be required, if subsequently granted a permit for this work, to pay 
double the standard permit fee. 
 
 (c) Emergency work. The above provisions shall not apply to emergency work 
required on short notice to maintain drinking water or agricultural supply systems. 
In such cases, the person responsible for the emergency work shall: 
 
 (1) Urgency. Satisfy the enforcement agency that such work was urgently 
necessary. 

 



 

 (2) Conformance with standards. Demonstrate that all work performed was 
in conformance with the technical standards as designated in section 35-10. (Ord. 
No. 509, § 2.1.) 
 

 

Section 35-5 Permit filing fees. 

 

Section 35-6 Permit conditions. 

 
 (d) Proper disposal of drilling fluids. The permit shall contain a clause 
requiring the safe and appropriate handling and disposal of drilling fluids and other 
drilling materials used in connections with the permitted work. 

 

 
Section 35-4 Permit application procedure. 
 Applications for permits shall be made to the enforcement agency on forms 
approved by the agency and shall contain all such information the enforcement 
agency requires to accomplish the purposes of this chapter. The application shall be 
accompanied by the required filing fee. If the enforcement agency finds the 
application contains all necessary information, it shall issue to the applicant a 
comprehensive permit containing such conditions as are necessary to fulfill the 
purposes of this chapter. (Ord. No. 509, § 2.2.) 

 

 Filing fees may be set by the board from time to time by ordinance. (Ord. No. 
509, § 2.3.) 

 

 (a) Limitations. When the enforcement agency issues a permit pursuant to 
this chapter, it may condition the permit in any manner necessary to carry out the 
purposes of this chapter. Conditions may include, but are not limited to such 
quantity and quality testing methods as the enforcement agency finds necessary. 
 
 (b) Performance bond. The enforcement agency may require a performance 
bond as a condition to the permit. 
 
 (c) Persons permitted to work on wells. All construction, reconstruction, or 
destruction work on wells shall be performed by a person who possesses an active C-
57 contractor's license in accordance with the provisions of the California Business 
and Professions Code, section 7000, et seq., and Water Code section 13750.5. 

 
 (e) Abandoned wells. As a condition of a construction or reconstruction 
permit, any abandoned wells on the property shall be destroyed in accordance with 
standards provided in this chapter. 

 (f) Posting of permit. It shall be the responsibility of the permittee to 
maintain a copy of this permit on the drilling site during all stages of construction or 
destruction. (Ord. No. 509, § 2.4.) 
 
 
Section 35-7 Permit--Denial. 

 



 

 The enforcement agency shall deny an application for a permit if, in its 
judgment, issuance of a permit is not in the public interest. (Ord. No. 509, § 2.5.) 
 
 
Section 35-8 Permit--Expiration. 
 The permittee shall complete the work authorized by the permit within the 
time and before the date set out in the permit. If there have been exceptional 
circumstances, the enforcement agency may grant the applicant an extension. Upon 
the expiration of the permit, no further work shall be done unless and until the 
applicant has received an extension or a new permit. (Ord. No. 509, § 2.6.) 
 
 
Section 35-9 Permit--Suspension and revocation. 
 (a) Circumstances for such action. The enforcement agency may suspend or 
revoke any permit issued pursuant to this chapter, whenever it finds that the 
permittee has violated any of the provisions of this chapter, or has misrepresented 
any material fact in his application, or any supporting documents, for such a permit. 
Prior to ordering any such suspension or revocation, the enforcement agency shall 
give the permittee an opportunity for a hearing thereon, after reasonable notice. The 
hearing shall be before the enforcement agency head or his designated 
representative. An appeal may be made as set forth below. 
 
 (b) Consequences. No person whose permit has been suspended or revoked 
shall continue to perform the work for which the permit was granted until, in the 
case of suspension, such permit has been reinstated by the enforcement agency. 
 
 (c) Ordered additional work. Upon suspending or revoking any permit, the 
enforcement agency may order the permittee to perform any work reasonably 
necessary to protect the underground waters from pollution or contamination, if any 
work already done by the permittee has left a well in such condition as to constitute 
a hazard to the quality of the underground waters. No permittee or person who has 
held any permit issued pursuant to the ordinance shall fail to comply with any such 
order. (Ord. No. 509, § 2.7.) 

Section 35-10 Well standards. 
 Except as otherwise specified, the standards for the construction, repair, 
reconstruction, or destruction of wells shall be as set forth in: 

 
 

 
 (a) Department of Water Resources Bulletin 74-81. The California 
Department of Water Resources Bulletin 74-81 "Water Well Standards, State of 
California" except as modified by subsequent revisions. 
 
 (b) All subsequent supplements and revisions. All subsequent Bulletin 74-81 
supplements or revisions issued by the Department of Water Resources, once the 
revised standards have been reviewed at appropriate public hearing. (Ord. No. 509, 
§ 3.) 
 

 



 

 
Section 35-11 Variances. 
 The enforcement agency shall have the power under the following specified 
conditions to grant a variance from any provision of the standards referenced above 
and to prescribe alternative requirements in their place. (Ord. No. 509, § 4.) 
 
 
Section 35-12 Special circumstances. 
 There must be, in a specific case, a special circumstance where practical 
difficulties or unnecessary hardship would result from the strict interpretation and 
enforcement of any standard. (Ord. No. 509, § 4.1.) 
 
 
Section 35-13 Intent of chapter not compromised. 
 The granting of such a variance is consistent with the purposes of this 
chapter. (Ord. No. 509, § 4.2.) 
 
 
Section 35-14 Special groundwater protection. 
 The enforcement agency may designate areas where groundwater quality 
problems are known to exist and where a well will penetrate more than one aquifer. 
The enforcement agency may require in these designated areas special well seal(s) to 
prevent mixing of water from several aquifers. Where an applicant proposes well 
construction, reconstruction, or destruction work in such an area, the enforcement 
agency may require the applicant to provide a report prepared by a registered 
geologist or registered civil engineer (California Business and Professions Code 
Sections 7850 and 6762 respectively) that identifies all strata containing poor 
quality water and recommends the location and specifications of the seal or seals 
needed to prevent the entrance of poor-quality water or its migration into other 
aquifers. (Ord. No. 509, § 5.) 
 
 
Section 35-15 Inspections generally. 
 The enforcement agency shall make an inspection of the annular seal 
construction work. It may make an initial inspection of each proposed drilling site, 
an inspection at the completion of the work, and inspections at such other times as it 
deems appropriate. (Ord. No. 509, § 6.) 
 
 
Section 35-16 Initial inspection. 
 Upon receipt of an application, the enforcement agency may make an 
inspection of the drilling site prior to the issuance of a well permit. The purpose of 
this inspection is to determine whether there are any site conditions such that the 
enforcement agency shall do the following: 
 

 



 

 (a) Relocation of drilling site. Require relocation of the drilling site should the 
location shown on the permit application be too close to potential sources of 
pollution. 
 

 

Section 35-18 Final inspection. 

 (b) Additional conditions. Set additional conditions if needed to remediate any 
previously unknown groundwater quality protection problems. (Ord. No. 509, § 6.1.) 
 
 
Section 35-17 Inspection of well seal. 
 The enforcement agency shall inspect the annular space grout depth prior to 
the sealing, 
 
 (a) Required notice. The enforcement agency shall be notified by the well 
driller a minimum of twenty-four hours prior to sealing the annular space. Drillers 
who anticipate completing a well in less than one day shall notify the enforcement 
agency twenty-four hours prior to commencement of drilling and provide the 
anticipated time to commence the sealing of the annular space. 

 (b) Should enforcement agency fail to be present. If the enforcement agency 
wishes to allow a seal to be tremied or placed without inspection, the driller shall 
seal the well in accordance with the standards of this chapter and any permit 
conditions. No seal shall be tremied or placed until permission to proceed is given. 
(Ord. No. 509, § 6.2.) 
 
 

 If requested by the enforcement agency, the driller shall notify the 
enforcement agency within seven days of the completion of their work at each 
drilling site. The enforcement agency may make a final inspection after completion 
of the work to determine whether the well was completed in accordance with this 
chapter. (Ord. No. 509, § 6.3.) 
 
 
Section 35-19 Waiver of inspections. 
 The enforcement agency may waive inspections should any of the following 
conditions exist: 
 
 (a) Well inspected by other agencies. Inspections may be waived where the 
work will be inspected by the staff of the California Regional Water Quality Control 
Board of the California Department of Health Services if these designated agencies 
will inspect and report to the enforcement agency on all drilling features required by 
the standards. 
 
 (b) Monitoring wells under specified conditions. Inspections may be waived 
for monitoring wells that will penetrate only aquifers containing degraded waters or 
will penetrate only formations that normally contain no water. 
 

 



 

 (c) Drilling sites known to have no threats to ground water quality. Initial 
inspections may be waived when the drilling site is well known to the enforcement 
agency staff and it is known that no significant threats to groundwater quality exist 
in the area. (Ord. No. 509, § 6.4.) 
 

 

 

 

 
Section 35-20 Completion reports generally. 
 The driller shall provide the enforcement agency a completion report within 
thirty days of the completion of any well construction, reconstruction, or destruction 
job. (Ord. No. 509, § 7.) 

 
Section 35-21 Submittal of state "Report of Completion". 
 A copy of the "Report of Completion" (Water Well Driller's Report, 
Department of Water Resources Form 188) required by the California Water Code 
section 13751 shall be submitted by the permittee to the enforcement agency within 
thirty days of construction, alteration, or destruction of any well. This report shall 
document that the work was completed in accordance with the standards and all 
additional permit conditions. This section shall not be deemed to release any person 
from the requirement to file said report with the state department of water 
resources. (Ord. No. 509, § 7.1.) 

 
Section 35-22 Completion reports--Confidentiality. 
 In accordance with the California Water Code section 13752, reports shall not 
be made available for inspection by the public but shall be made available for 
inspection by governmental agencies for use in making studies. Reports shall be 
made available to any person who obtains written authorization from the owner of 
the well. (Ord. No. 509, § 7.2.) 

 
Section 35-23 Completion reports--Other agency's requirements. 
 Any person whose application for a permit has been denied, or granted 
conditionally, or whose permit has been suspended or revoked, or whose variance 
request has been denied, may appeal to the board, in writing, within ten days after 
any such denial, conditional granting, suspension, or revocation. Such appeal shall 
specify the grounds upon which as set forth herein. The clerk of the board shall set 
such appeal for hearing at the earliest practicable time, and shall notify the 
appellant and the enforcement agency, in writing, of the time so set at least five 
days prior to the hearing. (Ord. No. 509, § 8.1.) 
 
 
Section 35-24 Appeals--Right of hearing. 
 Any person whose application for a permit has been denied, or granted 
conditionally, or whose permit has been suspended or revoked, or whose variance 
request has been denied, may appeal to the board, in writing, within ten days after 
any such denial, conditional granting, suspension, or revocation. Such appeal shall 
specify the grounds upon which as set forth herein. The clerk of the board shall set 

 



 

such appeal for hearing at the earliest practicable time, and shall notify the 
appellant and the enforcement agency, in writing, of the time so set at least five 
days prior to the hearing. (Ord. No. 509, § 8.1.) 
 
 

 

Section 35-26 Right of entry and inspection. 

Section 35-27 Abatement of abandoned wells. 

Section 35-28 Violation a misdemeanor. 
 Any person who violates any of the provisions of this chapter is guilty of a 
misdemeanor, and upon conviction thereof is punishable by such penalties as the 
board shall from time to time set by ordinance. (Ord. No. 509, § 11.1.) 

Section 35-29 Civil enforcement--Notice of violation. 

Section 35-25 Appeals--Action by the board. 
 After such hearing, the board may reverse, wholly or partly, or may modify 
the order or determination appealed from. (Ord. No. 509, § 8.2.) 

 

 Representatives of the enforcement agency shall have the right to enter upon 
any premises at all reasonable times to make inspections and tests for the purpose of 
such enforcement and administration. If any such premises are occupied, he shall 
first present proper credentials and demand entry. If the same is unoccupied, he 
shall first make a reasonable effort to locate the owner or other person having 
charge or control of same and demand entry. If such entry is refused, he shall have 
recourse to such remedies as are provided by law to secure entry. (Ord. No. 509, § 9.) 
 
 

 All persons owning an abandoned well as defined in the well standards shall 
destroy it before December 31, 1991, except those excluded by the California Health 
and Safety Code section 24440. (Ord. No. 509, § 10.) 
 
 

 
 

 (a) Notice of violation recordation. Whenever the enforcement agency 
determines that a well (1) has not been completed in accordance with a well permit 
or the plans and specifications relating thereto, (2) has been constructed without the 
required permit, or (3) an abandoned well has not been destroyed in accordance with 
the standards, the enforcement agency may record a notice of violation with the 
office of the county recorder. The owner(s) of the property, as revealed by the 
assessment roll, on which the violation is situated and any other person responsible 
for the violation shall be notified of the recordation, if their address is available. 
 
 If the property owner(s) or authorized agent disagree with the determination, 
he may submit evidence to the enforcement agency indicating that there is no 
violation and then shall have a right to appeal an adverse decision of the 
enforcement agency to the board in accordance with the provisions of the following 
section. 
 

 



 

 (b) Appeal--Action by the board. 
 
 (1) Date of hearing. Upon receipt of the notice of appeal, the board shall, 
within fifteen days following the filing of the appeal, set a date for public hearing 
thereon. 

 

 

Section 35-32 Reports to the regional board. 

 (a) Wells constructed or destroyed. The number of wells constructed or 
destroyed. 
 

 
 (2) Evidence. The evidence before the board shall consist of the records in the 
enforcement agency's files and any other relevant evidence which, in the judgment of 
the board, should be considered to effectuate and implement the policies of this 
chapter. 

 (3) Decision by board. The board may reverse or affirm, wholly or in part, or 
modify the decision or the notice of violation and may make such order as should be 
made. Such action shall be final. 
 
 (c) Removal of violation notice. The enforcement agency shall submit a 
removal of notice of violation to the county recorder when (1) it is determined by the 
enforcement agency or the board, after review, that no violation of this chapter 
exists; or (2) all required and corrective work has been completed and approved by 
the enforcement agency. (Ord. No. 509, § 11.2.) 

 
Section 35-30 Civil enforcement--Nuisance. 
 Violations of this chapter may also be redressed in the manner hereinafter 
set forth by civil action. In addition to being subject to prosecution, any person who 
violates any of the provisions of this chapter may be made the subject of a civil 
action. Appropriate civil action includes, but is not limited to, injunctive relief and 
cost recovery. (Ord. No. 509, § 11.3.) 
 
 
Section 35-31 Remedies cumulative. 
 The remedies available to the board to enforce this chapter are in addition to 
any other remedies available under ordinance or statute, and do not replace or 
supplant any other remedy but are cumulative thereto. (Ord. No. 509, § 11.4.) 
 
 

 Pursuant to the California Water Code section 13225(c), the enforcement 
agency shall submit a report, not less than annually, to the California Regional 
Water Quality Control Board(s) having jurisdiction in their area. This report shall 
contain the following date, unless the regional board determines a lesser amount of 
information is necessary: 
 

 



 

 (b) Abatement action. Descriptions of all well destructions undertaken by the 
enforcement agency using its regulatory authority under nuisance abatement 
powers. 
 
 (c) Variances granted. A description of each specific case where variances 
were granted and the circumstances that made a variance necessary. 

 

37-1 School-related capital infrastructure.  

37-4 Determination of mitigation costs by planning agency in absence of 
agreement.  

 
 (d) Inspections waivers granted. A description of each specific case where an 
inspection was waived and the circumstances that made the waiver necessary. (Ord. 
No. 509, § 12.) 
 

Chapter 37 

MITIGATION OF SCHOOL-RELATED IMPACTS OF DEVELOPMENT. 

Sections: 

37-2 Development costs as mitigation of school-related impacts.  
37-3 Mitigation costs.  

37-5 Procedure for payment of mitigation costs.  
Section 37-1 School-related capital infrastructure.  
 For any commercial, industrial or residential development project, which 
requires the approval of the board of supervisors for zoning, rezoning, amendment of 
the general plan or any community plan, the project proponent and the governing 
body of the affected school district shall, if possible, submit an agreement for 
mitigation of the impacts of the development on school facilities, services and capital 
improvements to the county department of planning and building for approval and 
recommendation to the board of supervisors.  (Ord. No. 530 (part).) 
 
 
Section 37-2 Development costs as mitigation of school-related impacts.  
 The proponent of the development project, as a condition of zoning or plan 
amendment approval, shall be required to pay those costs determined by the county 
planning agency to be necessary for mitigation of the school-related impacts.  (Ord. 
No. 530 (part).) 
 
 
Section 37-3 Mitigation costs.  
 Costs imposed to mitigate the impact of the development on school facilities, 
services and capital improvements as provided in sections 37-1 and 37-2 shall be in 
addition to but not duplicative of those mitigation fees imposed pursuant to Section 
66000 et seq. of the California Government Code.  (Ord. No. 530 (part).) 
 
 

 



 

 Cities, special districts, school districts, community college districts, colleges 
or universities who bring prisoners to the county jail, will be billed quarterly on or 
after January 1, 1993 for booking and processing prisoners on or after January 1, 
1993.  Cities, special districts, school districts, community college districts, colleges 
or universities will subsequently be billed quarterly.  (Ord. 556, § 1 (part).) 
 
 
Section 40-8 Actions to collect.  
 Any fee required to be paid by a city, special district, school district, 
community college district, college or university under this chapter shall be deemed 
a debt owed to the county. In the event that such fee is unpaid, the city, special 
district, school district, community college district, college or university shall be 
liable to any action brought in the name of the county for the recovery of such 
amount.  (Ord. 556, § 1 (part).) 

ENVIRONMENTAL REVIEW. 

41-2 Environmental policy.  

 

 

 
 
Section 40-9 Waiver.  
 The board of supervisors may elect to waive the imposition of fees on a 
particular agency if a prior agreement has been made whereby the city, special 
district, school district, community college district, college or university has provided 
valuable consideration in return for waiver of the fee.  (Ord. 556, § 1 (part).) 
 
 

Chapter 41 

Sections: 

41-1 Purpose and intent.  

41-3 Objectives of environmental planning and review.  
41-4 Criteria and procedures.  
41-5 General requirements.  
Section 41-1 Purpose and intent.  
 (a)  The custom, culture and economy of Colusa County is often significantly 
and adversely affected by federal and state plans, programs and projects.  It 
appears, however, that many of these adverse effects could be eliminated or 
substantially reduced through an effective, coordinated process of environmental 
review prior to implementation.   

 (b)  The policy of environmental planning and review in Colusa County, as it 
relates to federal and state plans, programs and projects, is designed to promote the 
stated purposes and philosophy of the National Environmental Policy Act (NEPA). 

To declare a national policy which will encourage the productive and 
enjoyable harmony between man and his environment; to promote efforts 
which will eliminate damage to the environment and biosphere and stimulate 

 



 

assessment (CERA) or find that the plan, program or project presents no significant 
environmental impacts.   
 

   (A)  Impacts on county natural resources and environmental 
quality, including: 

 

    (vi)  Impacts on integrated resource planning and 
management in which the county, private parties and/or other public agencies are 
involved, 

 

    (i)  Impacts on culture due to population loss,  

  (4)  If the board of supervisors and the proponent agency determine to 
conduct a CERA, it shall be prepared as a written report by the proponent agency 
and submitted to the board of supervisors.  To avoid redundancy, the CERA may be 
included as a separately titled component of other written environmental 
assessments, statements or reports required under NEPA and CEQA.  As relevant 
to the goals of the plan, program or project, the discussion and analysis should 
include the following: 
 

 
    (i)  Impacts on forest and timber resources, 
 
    (ii)  Impacts on range or dry land crops, 
 
    (iii)  Impacts on watershed resources, 
 
    (iv)  Impacts on private surface and groundwater rights 
and irrigated cropland, 

    (v)  Impacts on air, water (including surface and 
groundwater), energy and soils, 
 

 
    (vii)  Impacts on multiple use, sustained yield and range 
resource laws and regulations,  

    (viii)  Impacts on private investment in public land and 
resources,  
 
    (ix)  Impacts on the production and enjoyable harmony 
between man and his environment, stimulation of health and welfare of man, and 
support of diversity and variety of individual choice as assured under NEPA,  
 
    (x)  Impacts on hunting, fishing and other outdoor 
recreation; 
 
   (B)  Impacts on county society, custom and culture, governance, 
schools and other local public services, including: 
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    (ii)  Impacts from proposed or foreseeable limitations or 
restrictions on cultural beliefs and practices, and maintenance of cultural and 
community cohesion and kinships, 
 
    (iii)  Impacts on cultural and community aesthetics, 
including historical natural resource vistas, river ways and landscapes, 
 
    (iv)  Impacts on the ability of local government to 
protect the health, safety, social and cultural well being of its citizens,  
 
    (v)  Impacts on the ability of local government to 
promote local environmental values, resource protection and development, 
 
    (vi)  Impacts on the ability of local government to 
finance local public programs and services through bonding, lending and other 
financing mechanisms, 
 
    (vii)  Identification of tax revenue loss to local 
government and schools,  
 
    (viii)  Impacts from identified tax revenue loss on the 
ability of local governments and schools to deliver public services, 
 
    (ix)  Impacts on local emergency medical services, law 
enforcement, fire protection and nuisance abatement,  
 
    (x)  Impacts on local government infrastructure, 
including transportation, public community water systems, including those provided 
through irrigation and reclamation districts, and landfill services, 
 
    (xi)  Cumulative and long term impacts on local 
community stability and well being; 
 
   (C)  Impacts on local economy, customs, services and 
businesses, which shall include: 
 
    (i)  Impacts on private, investment backed expectation,  
 
    (ii)  Impacts on the economic value of privately held 
water rights and real property,  
 
    (iii)  Direct and cumulative impacts on employment and 
wages, 
 
    (iv)  Direct and cumulative impact on agriculture and 
related industries, 
 
    (v)  Direct and cumulative impacts on local retail and 
service industries, 
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    (vi)  Impacts on housing and related residential services 
such as water, sewer, sanitation and energy, 
 
    (vii)  Impacts on thresholds for business demand and 
markets, 

 

    (iv)  Whether the agency action conforms to 
constitutionally protected property rights and commonly accepted notions of fairness 
and due process; 

   (E)  Mitigation.  For the purposes of this component of the 
CERA it is the policy of the county that public agencies should not approve plans, 
programs or projects as proposed if feasible alternatives or mitigation measures 
exist which would, if implemented, reduce or eliminate significant impacts on the 
environment, as defined in section 40-3(a)(2). As relevant to the goals of the plan 
program or project, proposed mitigation measures should: 

 

 
    (viii)  Direct and cumulative impacts on community 
stability and well being related to private ability to maintain current and future 
debt service; 

   (D)  Takings Implication Assessment.  The CERA shall identify 
and assess impacts of the plan, program or project on private property rights in the 
county utilizing the criteria established in Presidential Executive Order 12630, 
entitled "Governmental Actions and Interference with Constitutionally Protected 
Property Rights," and the Attorney General's guidelines, entitled "Evaluation of 
Risks and Avoidance of Unanticipated Takings."  In addition, this component of the 
CERA shall include discussion and analysis of the following: 
 
    (i)  Whether the plan, program or project constitutes an 
actual physical intrusion or actual taking of private property, 
 
    (ii)  Potential for loss of economic value or investment 
backed expectation, 
 
    (iii)  Related impacts on custom and culture, 
 

 

 
    (i)  Identify each impact which the mitigation measure 
is intended to address,  

    (ii)  Identify the party or agency responsible for the 
implementation and monitoring of the proposed mitigation measure, 
 
    (iii)  Specify, for each mitigation alternative, (a) how 
impacts may be avoided by not taking particular action; (b) how impacts may be 
minimized by limiting the degree or magnitude of the proposed action; (c) how 
impacts may be rectified through repair, rehabilitation or restoration of the affected 
environment; (d) how impacts may be reduced or eliminated over time through 
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 The procedures set out in this chapter are not exclusive, and do not limit, prejudice or 
affect any other lawful remedy or procedure that the county may have under ordinance or 
state law.  (Ord. No. 619, (part).) 
 
 

Chapter 43 

GROUNDWATER MANAGEMENT. 

Sections: 

43-1 Findings and purpose.  
43-2 Definitions.  
43-3 Permit required for export for use outside county.  
43-4 Exclusions from permit requirements.  
43-5 Administrative structure.  
43-6 Application for a permit.  
43-7 Procedures for processing.  
43-8 Public review concerning issuance of permit.  

43-12 Appeal of commission action on application.  

43-9 Findings required for permit approval or denial by the commission.   
43-10 Conditions of permit approval.  
43-11 Reapplication after commission denial.  

43-13 Challenge to approved permit.  
43-14 Permit term.  
43-15 Limitation of permit.  
43-16 Severability.  
43-17 Violations.  
Section 43-1 Findings and purpose.  
 (a)  It is the long-standing policy of the county of Colusa to conserve and encourage 
agricultural operations within the county.  The Colusa County general plan, adopted in 
January 1989, establishes the preservation and promotion of agriculture in its various forms 
as being the highest priority goal in the planning process of the county of Colusa.  Other 
legislative acts of the Colusa County board of supervisors, including but not limited to the 
adoption of the "right to farm" ordinance, Ordinance Number 510, on February 6, 1990, are 
further evidence of the existing policy. 
 
 (b)  It is essential for the protection of the health, welfare, and safety of the residents of 
the county, and the public benefit of the state, that groundwater resource of Colusa County 
be protected from harm resulting from the extraction of groundwater for use on lands outside 
the county, until such time as needed additional surface water supplies are obtained for use 
on lands of the county, or over-drafting is alleviated, to the satisfaction of the board. 
 
 (c)  Much of the farm production of the county depends upon the use of groundwater to 
produce field crops, nut and fruit crops, vegetable crops, seed crops and livestock and 
products which significantly contribute to the gross value of all agricultural crops produced 
in the county, estimated at nearly three hundred eight million for 1998. 
 
 (d)  The groundwater of Colusa County also provides water to several communities in 
the county, particularly to the cities of Colusa and Williams. 

 



 

 
 (e)  Although the county intends to jointly undertake with affected local agencies to 
develop an integrated water resources management plan for each of the various regions of 
Colusa County to further plan and implement prudent water management practices, interim 
measures addressing the extraction of groundwater for export are needed to protect the 
existing groundwater basins. 
 
 (f)  It is essential for information gathering and monitoring purposes, and for the 
protection of the county's groundwater resources, that the county adopt a permit process 
addressing the extraction of groundwater for use outside of the county. 

 (h)  Loss of groundwater would result in additional surface water needs. 

 
 (g)  In adopting and codifying this groundwater management ordinance, the county does 
not intend to limit other authorized means of managing Colusa County groundwater, and 
intends to work cooperatively with interested local agencies to further develop and 
implement joint groundwater management practices. 
 

 
 (i)  Many agricultural operations in the county rely on existing wells to sustain the 
economic production of agricultural commodities. 
 
 (j)  The factors mentioned above, have caused an accelerated rate of construction and 
development of wells within the county of Colusa for the use of water upon lands within the 
county.  This circumstance alone, causes concern and alarm in the board of supervisors 
because it has been demonstrated in many areas of the state that the unfettered over-drafting 
and/or mining of groundwater from an aquifer has negative impacts.  These negative 
impacts include, but are not limited to:  (1) lowering of water tables leading to (a) increased 
energy consumption, and (b) the prospect of increased cost for deepening existing wells; and 
(c) the prospect that new wells will need to be deeper (with attendant additional costs) than 
would otherwise be required; (2) damage to the aquifer through (a) reduction of 
transmissivity; and (b) subsidence of the surface of the ground thereby (i) permanently 
reducing the storage capacity of the aquifer, and (ii) causing damage to public roads, bridges, 
canals and other structures at substantial cost to the public treasury. 
 
 (k)  The mining of water, episodes of overdraft and the increasing number of wells result 
in the drying up of surface and subsurface flowing steams, the drying of wetland areas and 
the loss of percolating waters.  These conditions cause the loss of critical riparian and 
wetland habitat. 
 
 (l)  The board has been informed, and upon such information, believes that projects are 
proposed for the extraction and exportation of groundwater from within the county to 
locations outside the county.  The board is informed and believes that these proposals may 
involve the acquisition of rights to small parcels of land, the development of wells upon such 
land of a size and capacity far exceeding that reasonably necessary for any beneficial use on 
the parcel upon which the land is located.  The board is alarmed and concerned that this 
practice will result in over-drafting and/or adverse impacts of environmental and economic 
character in the county of Colusa. 
 
 (m)  Water Code section 1810(d) provides that use of a water conveyance facility to 
transfer water may be denied if the use of the water conveyance facility will injure any legal 
user of water, will unreasonably affect fish, wildlife or other in-stream beneficial uses, or will 

 



 

unreasonably affect the overall economy or the environment of the county from which the 
water is being transferred. 
 
 (n)  Transfers of water from Colusa County undertaken by any method could affect the 
overall economy or the environment of Colusa County. 
 

 (p)  The county seeks to foster prudent water management practices to avoid significant 
adverse overdraft-related environmental, social, and economic impacts.  It is therefore 
essential for the protection of the county's important groundwater resources that the county 
require a permit to extract groundwater for use outside the county.  This chapter requires a 
permit for the export of groundwater outside the county and is not intended to regulate 
groundwater in any other way. 

 

 (o)  It is the purpose and intent of this chapter to establish an effective county policy 
concerning water transfers that will assure that the overall economy and environment of 
Colusa County is protected. 
 

 
 (q)  The public health, safety and general welfare of the people of the state of California 
and the county depend upon the continued availability of groundwater through insuring that 
extraction of groundwater does not exceed safe yield of affected groundwater basin, 
considering both the short and long-term impacts of groundwater extraction, including the 
recovery of groundwater basins through natural as well as artificial recharge. 
 
 (r)  Surface water supplies obtained in the future may be used conjunctively with 
groundwater.  That is, surface water could be diverted in times of relatively high flows and 
groundwater could be used during dry periods when surface water is not readily available.  
In this regard, the greatest readily and economically available asset the county has in dealing 
with its water needs is its groundwater.  Loss of the use of the groundwater would result in 
additional surface water needs.  It is vital that the groundwater resources be protected so that 
its capacity will be available for future conjunctive use. 
 
 (s)  The board of supervisors did appoint a Colusa groundwater committee on March 19, 
1996 to study, and coordinate the available protections for groundwater supplies in 
conjunction with historic surface flows in Colusa County.  The committee held public 
meetings on a regular basis to gather data, disburse information and to review data related to 
water resources in Colusa County.  The committee did review groundwater policy, demands 
on groundwater supplies, and research of existing groundwater management plans over a 
period of one year.  Input was sought from state, local and federal officials. 
 
 (t)  Following lengthy research, the Colusa County groundwater committee concluded 
that there was a need to identify and protect the underlying groundwater resources of Colusa 
County.  The committee noted that factors contributing to this conclusion were the overall 
population growth of the state and the lack of new water storage facilities built to supply that 
increase in population.  This, the committee concluded, has resulted on the current pressure 
on northern California's groundwater supply.  This pressure, the committee found, required 
protection from the social and economic impacts which could be caused by a depleted local 
groundwater supply.  That protection was identified by the committee as being of paramount 
concern. 

 (u)  In adopting this chapter, the county does not intend to limit either the county or 
other public entities in managing groundwater under the Groundwater Management Act and 

 



 

any other applicable laws in a manner consistent with the Colusa County water plan.  (Ord. 
No. 615, (part).) 
 
 
Section 43-2 Definitions.  
 (a)  "Groundwater Management Act" means Water Code section 10750 et seq. 
 
 (b)  "Aquifer" means a geologic formation that stores, transmits and yields significant 
quantities of water to wells and springs. 
 
 (c)  "Aquifer health" means maintaining the geologic integrity of the affected aquifer so 
that its capacity is not reduced as well as the maintenance of the quality of water within the 
aquifer, including, where relevant, the prevention of degradation of drinking water. 
 
 (d)  "Board" means the board of supervisors of Colusa County. 
 
 (e)  "Commission" means the Colusa County groundwater commission. 
 
 (f)  "Committee" means the Colusa County groundwater committee. 
 
 (g)  "Conjunctive use" means the planned joint use of surface and groundwater.  It relies 
upon the principle that by using surface water when it is plentiful, recharging the aquifer and 
conserving groundwater supplies in wet years, water will then be available for future 
pumping in dry years when surface supplies are short. 

 

 

 
 (h)  "County" means the county of Colusa. 

 (i)  "Existing wells" are those wells which are in existence at the time of the effective date 
of the ordinance codified in this  chapter and which are in compliance with Chapter 35 of the 
Colusa County Ordinance Code.  (This would be the existing Colusa County well 
ordinance). 
 
 (j)  "Groundwater" means all 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 which flows in known and definite channels. 
 
 (k)  "Groundwater safe yield" means the maximum quantity of water that can be 
annually withdrawn from a groundwater basin over an extended period of time (during 
which natural hydrologic water supply conditions approximate average conditions) without 
developing an overdraft condition.  The safe yield of a basin can be increased by 
supplementing natural recharge with artificial recharge. 
 
 (l)  "Hydraulic gradient" means the slope of the water table. 
 
 (m)  "Hydrology," means the origin, distribution, and circulation of water through 
precipitation, stream flow, infiltration, groundwater storage and evaporation. 

 (n)  "Local agency" means any local public agency. 
 
 (o)  "Mining" is the extraction of groundwater by any means. 

 



 

 
 (p)  "Overdraft" means the condition of a groundwater supply in which the amount of 
water withdrawn by pumping exceeds the amount of water replenishing the supply over a 
period of time and also the point at which extractions from the supply exceed its safe yield 
plus any temporary surplus. 
 
 (q)  "Percolation" means the movement of water through the soil to the groundwater 
table. 
 
 (r)  "Permeability" means the capability of the soil or another geologic formation to 
transmit water. 
 
 (s)  "Piezometric surface" means the surface to which the water in a confined aquifer will 
rise. 
 
 (t)  "Porosity" means voids or open spaces in alluvium and rocks that can be filled with 
water. 
 
 (u)  "Recharge" means flows to groundwater storage from precipitation, irrigation, 
infiltration from streams, spreading basin and other sources of water. 
 
 (v)  "Salt water intrusion" means the movement of salt water into a fresh water aquifer. 
 
 (w)  "Specific capacity" means the volume of water pumped from a well in gallons per 
minute per foot of draw down. 
 
 (x)  "Spreading water" means discharging native or imported water to a permeable area 
for the purpose of allowing it to percolate to the zone of saturation.  Spreading, artificial 
recharge and replenishment all refer to operations used to place water in a groundwater 
table. 
 
 (y)  "Transmissivity" means the rate of flow of water through an aquifer. 
 
 (z)  "Usable storage capacity" means the quantity of groundwater of acceptable quality 
that can be economically withdrawn from storage. 
 
 (aa)  "Water table" means the surface or level where groundwater is encountered in an 
unconfined aquifer. 
 
 (bb)  "Water year" means the year beginning with January 1st and ending the last day of 
the following December 31st. 
 
 (cc)  "Zone of saturation" means the area below the water table in which the soil is 
completely saturated with groundwater.  (Ord. No. 615, (part).) 
 
 
Section 43-3 Permit required for export for use outside county.  
 It shall be unlawful to extract groundwater underlying lands in Colusa County, directly 
or indirectly, for use of that groundwater outside county boundaries without first obtaining a 
permit as provided herein.  For purposes of this section, the extraction of groundwater to 

 



 

replace a surface water supply which has been, is being, or will be transferred for use outside 
of the county boundaries shall be considered an extraction or mining of groundwater subject 
to this chapter.  (Ord. No. 615, (part).) 
 
 
Section 43-4 Exclusions from permit requirements.  
 This chapter shall not apply to the extraction of groundwater in the following 
circumstances: 
 
 (a)  To prevent the flood of lands; or 

 

 

 

 
 (b)  To prevent the saturation of the root zone of agricultural land; or 

 (c)  For use within the boundaries of a local agency which is in part located within 
Colusa County and in part in another county(s) where such extraction quantities and use are 
consistent with the historical practice of the local agency; and provided further, the local 
agency has adopted a groundwater management plan which is consistent with the Colusa 
County groundwater management plan that is then in effect. 
 
 (d)  For use on lands outside Colusa County which are contiguous and in the same 
ownership to lands within Colusa County from which the groundwater is extracted, where 
such extraction rates, quantities and use are consistent with the historical practices of the 
landowner, and to enable water export that is expressly permitted by the terms of the Colusa 
County groundwater management plan. 
 
 (e)  Where the person or entity demonstrates to the satisfaction of the commission that its 
water management practices will result in an average annual groundwater basis recharge 
which is equal to or in excess of its extraction of groundwater for export uses.  The person or 
entity asserting that one of the exclusions of this section applies shall have the burden of 
supporting its assertion that no permit is required. 
 
 (f)  Upon application properly filed with the commission, the commission may grant a 
revokable exemption to water districts which comply with all of the following: 

  (1)  Adopted a groundwater management plan pursuant to Water Code section 
10750 et seq. that has been approved by the commission. 
 
  (2)  Instituted a groundwater monitoring and mitigation program associated with its 
extraction of water which has been approved by the commission. 

  (3)  Executed an agreement with the county of Colusa which requires the parties to 
share groundwater monitoring information and data, coordinate their efforts to monitor 
groundwater resources in the county, and participate in the development and preparation of 
a groundwater management plan by the county. 
 
 The exemptions of this category shall be reviewed annually by the commission and may 
be extended, amended or revoked at the discretion of the commission.  (Ord. No. 615, 
(part).) 
 
 

 



 

Section 43-5 Administrative structure.  
 A "groundwater commission" shall be appointed by the board, through selection from 
applications submitted to the board from interested parties, for the purpose of serving on the 
water commission.  (Ord. No. 615, (part).) 
 
 
Section 43-6 Application for a permit.  
 An application for a permit shall be filed with the commission and shall contain all 
information required by the commission.  Concurrently, the applicant shall consent to the 
commencement and financing of appropriate environmental review as may be required by 
the California Environmental Quality Act ("CEQA"; Public Resources Code  section 21000 
et seq.).  The application for a permit and request for environmental review shall be 
accompanied by the fees which shall be established from time to time by the board.  (Ord. 
No. 615, (part).) 
 
 
Section 43-7 Procedures for processing.  
 (a)  Within ten calendar days of filing of the permit application and the deposit of 
required fees, the commission shall deliver notice to the Colusa County planning department 
that an application has been filed.  The commission shall send a copy of the notice, and the 
application, to all local agencies located within Colusa County which have lands overlying 
or adjacent to the location of the proposed extraction, and to any interested party who has 
made written request to the commission for such notice within the last twelve calendar 
months, seeking written comments.  The commission shall review the application to 
determine whether it is complete for purposes of proceeding under the Colusa County 
guidelines adopted pursuant to the CEQA requirements and shall thereafter commence 
environmental review as may be appropriate. 
 
 (b)  The commission shall review the matter of the application with potentially affected 
county departments, with the staff of applicable state and federal agencies and with all local 
agencies located in whole or in part within Colusa County or with any potentially affected 
party, as per the judgment of the commission. If the applicant is applying to extract 
groundwater from a local agency, or in an unincorporated area, in which a groundwater 
management plan has been adopted pursuant to the Groundwater Management Act, but 
which plan does not expressly permit the export of water, the commission shall consider 
such Groundwater Management Plan, or any other relevant information provided by the 
local agency.  Any interested person or agency may provide comments relevant to the matter 
of the extraction of groundwater.  Comments shall be submitted to the commission within 
thirty days of the date of mailing the notice of filing of the permit application. 
 
 (c)  The environmental review shall be undertaken in accordance with the California 
Environmental Quality Act (CEQA) and Colusa County guidelines for implementation.  All 
costs of the environmental review shall be the responsibility of the applicant. 
 
 (d)  Upon completion of the environmental review, the commission shall immediately 
set a public review on the permit application, which shall be noticed pursuant to 
Government Code section 6061.  (Ord. No. 615, (part).) 
 
 
Section 43-8 Public review concerning issuance of permit.  

 



 

 (a)  Formal rules of evidence shall not apply in the commission's public review 
proceeding for the application, but the commission may establish such rules as will enable 
the expeditious presentation of the matter and receipt of relevant information thereto. 
 
 (b)  The commission shall hear the application in accordance with the provisions for 
public review in Colusa County. 

 

 

  (1)  The proposed extraction will not cause or increase an overdraft of the 
groundwater underlying the county; 

 
 (c)  During the commission's public review, the applicant shall have the burden of proof 
of establishing the facts necessary for the commission to make the required findings.  The 
commission shall also hear relevant evidence presented by other interested persons and 
entities. 

 (d)  The commission shall approve, deny or conditionally approve the application within 
one year.  The scope of the conditions extends to any relevant matter that may be considered 
by the commission including, but not limited to, the effect that granting the permit 
application would have on the affected aquifer including, but not limited to, potential 
hydraulic gradient, hydrology, percolation, permeability, piezometric surface, porosity, 
recharge, annual yield, specific capacity, spreading waters, transmissivity, usable storage 
capacity, water table, water quality, and zones of saturation impacts, each of the findings of 
the commission, any appropriate conditions proposed to be imposed, and any mitigation 
measures to reduce adverse effects. 
 
 (e)  The commission may request any additional information it deems is reasonably 
necessary for its consideration.  The cost of such additional information shall be borne by the 
applicant.  (Ord. No. 615, (part).) 
 

Section 43-9 Findings required for permit approval or denial by the commission.   
 (a)  The permit may only be recommended for approval if there is a majority of the total 
membership of the commission present at the required public meeting and a majority of the 
total membership of the commission finds that the proposed groundwater extraction will not 
have significant detrimental impacts on the affected groundwater basin by determining that: 
 

 
  (2)  The proposed extraction will not adversely affect the long term ability for storage 
or transmission of ground water within the aquifer; 
 
  (3)  The proposed extraction will not exceed the annual yield of the groundwater 
underlying the county and will not otherwise operate to the injury of the reasonable and 
beneficial uses of overlying groundwater users; 
 
  (4)  The proposed extraction will not result in an injury to a water replenishment, 
storage, or restoration project operating in accordance with statutory authorization; 
 
  (5)  The proposed extraction is in compliance with Water Code section 1220; and 
 
  (6)  The proposed extraction will not be otherwise detrimental to the health, safety 
and welfare of property owners overlying or in the vicinity of the proposed extraction site(s). 

 



 

 
 (b)  If the commission determines that one or more of the findings required by this 
section cannot be made, upon considering the proposed export together with potential 
conditions of permit issuance recommendation, it shall deny the permit application.  The 
basis for any such denial recommendation shall be reflected in the commission's official 
record of proceedings. 
 

 

 (c)  The applicant shall be notified in writing of the commission's recommendation on 
the application, including the basis for recommending denial where applicable, within fifteen 
days of the final commission action on the application.  (Ord. No. 615, (part).) 
 

Section 43-10 Conditions of permit approval.  
 If the permit is approved, the commission shall impose appropriate conditions of permit 
issuance so as to prohibit overdraft or other adverse conditions, and may impose other 
conditions that it deems necessary to promote or maintain the health, safety and welfare of 
Colusa County residents.  Such other conditions of permit issuance may include, but shall 
not be limited to, requirements for observation and/or monitoring wells.  Notwithstanding 
the foregoing, the commission may issue the permit if the commission finds that the 
applicant will provide adequate mitigation to offset all adverse effects that would otherwise 
result from the proposed extraction.  (Ord. No. 615, (part).) 
 
 
Section 43-11 Reapplication after commission denial.  
 Reapplication for a permit which has been denied by the commission may not be filed 
until the water year following the denial.  For any such reapplication to be accepted as 
complete, and for it to be further reviewed in accordance with the procedures set forth above, 
it must be accompanied by information that demonstrates a significant change in those 
circumstances which represented the factual basis for the previous permit application denial.  
(Ord. No. 615, (part).) 
 
 
Section 43-12 Appeal of commission action on application.  
 (a)  The applicant or any interested party may appeal a decision of the commission by 
filing a written request with the clerk of the board within fifteen days of issuance of the 
decision of the commission.  Any such appeal shall specifically set forth the procedural and 
substantive reasons for the appeal or be deemed incomplete and ineffectual.  The clerk shall 
set a board hearing time within ten days of receipt of a complete request for appeal which 
shall be heard within twenty days of notice thereof.  Written notice of the appeal shall be 
given to the commission, the permit applicant, the appellant, and all other interested parties, 
and the appeal hearing shall be published pursuant to Government Code section 6061. 
 
 (b)  The board shall hear the appeal as to those disputed matters which were heard by the 
commission and are specifically set out in the appeal request, but may continue such hearing 
from time to time as determined appropriate by the board.  The appeal before the board shall 
not be conducted with formal rules of evidence, but rather shall be conducted under such 
rules as set by the board for the expeditious presentation of the matter and relevant 
information pertaining thereto by the appellant and by other parties interested in the 
commission decision appealed from.  The decision of the board shall be final. 
 

 



 

 (c)  In any appeal taken under this section, the permit applicant who is proposing to 
extract groundwater for exportation outside of the county shall have the burden of proving to 
the satisfaction of the board that such extraction is either exempt from permit requirements 
of this chapter, or will not have significant detrimental impacts based upon the criteria set 
forth herein.  (Ord. No. 615, (part).) 
 

  (1)  There has been or is an ongoing violation of one or more conditions of an 
approved permit; or 

 

 

 
Section 43-14 Permit term.  

 
Section 43-13 Challenge to approved permit.  
 (a)  Any interested party may challenge the ongoing extraction of groundwater pursuant 
to an approved permit during the term of the permit based on allegations that one or more of 
the following circumstances exists: 
 

  (2)  The extraction of groundwater pursuant to this chapter has caused or increased 
an overdraft in the basin; has adversely affected the long term ability for storage or 
transmission of groundwater in the affected aquifer; exceeds the annual field of the affected 
groundwater basin; operates to the injury of the reasonable and beneficial uses of overlying 
groundwater users; is in violation of Water Code section 1220; or results in an injury to a 
water replenishment, storage, or restoration project operating in accordance with statutory 
authorization; or 
 
  (3)  The continued extraction of groundwater pursuant to a previously approved 
permit will be detrimental to the health, safety, and welfare of one or more affected local 
agencies or other interested parties. 

 (b)  A challenge pursuant to this section shall be commenced by filing a written request 
with the commission on a form prescribed by the commission.  Such a challenge shall allege 
one or more of the circumstances specified by this section and shall generally describe facts 
in support of those alleged circumstances. In such event, the commission shall, within ten 
days of receipt of such challenge in a completed form, give notice of the challenge to the 
permittee, the appellant, all affected local agencies and to any other interested party which 
has requested such notice.  A commission review shall be held on the matter following the 
procedures set out above.  The commission's decision may be to deny the challenge and 
leave the previously issued permit unchanged, to grant the challenge and terminate the 
permit, or to impose modified conditions to the permit, which the permittee shall be 
obligated to adhere to if continued extraction for export purposes is to occur, based on 
findings addressing the criteria specified in this chapter. 
 
 (c)  The standard for review in any such challenge proceeding shall be substantial 
evidence.  The burden of proof shall be upon the person or entity extracting the groundwater 
that is the subject of the challenge. 

 (d)  Appeals from commission decisions on challenges may be made to the board in 
accordance with the procedures of this chapter.  (Ord. No. 615, (part).) 
 

 Except as may be modified pursuant to this chapter, all approved permits shall be valid 
for a term not to exceed three water years from the date of the issuance of the permit, as 

 



 

determined by the approving body; however, if the permit is for extraction as part of a 
conjunctive use program that has been approved by the county, the permit shall not exceed 
the length of the term of that program.  For the purpose of calculation, the water year in 
which the permit is granted shall not be counted in determining the three year time period if 
less than four months remain in the water year at the time of final permit approval.  (Ord. 
No. 615, (part).) 
 
 
Section 43-15 Limitation of permit.  

 

 

 Nothing contained in this chapter nor in the conditions of an issued permit shall be 
construed as giving the permittee an exclusive right to groundwater extraction, nor as 
establishing a compensable right in the event the permit is subsequently terminated or 
modified following a challenge to the permit.  (Ord. No. 615, (part).) 
 

Section 43-16 Severability.  
 If any section, subsection, sentence, clause or phrase of this chapter is for any reason 
held illegal, invalid or unconstitutional by the decision of any court of competent 
jurisdiction, such decision shall not affect the validity of the remaining portions hereof.  
(Ord. No. 615, (part).) 
 
 
Section 43-17 Violations.  
 The county may elect to proceed with any or all of the following remedies for violation 
of this chapter: 
 
 (a)  A civil action against the violator, including injunctive relief. 
 
 (b)  Any person or entity who violates this chapter or any term and/or condition of any 
permit issued under this chapter shall be subject to a civil fine up to five thousand dollars for 
each separate violation.  A person or entity shall be deemed to have committed a separate 
violation for each and every day or portion thereof during which any such violation is 
committed, continued, or permitted as well as for each and every separate groundwater well 
within which any such violations committed, continued or permitted. 
 
 (c)  Any person who violates any provision of this chapter or any term and/or condition 
of any permit issued under this chapter, shall be guilty of a misdemeanor punishable by a 
fine not exceeding one thousand dollars per each violation, or by imprisonment not 
exceeding six months for each violation, or both.  Each and every day shall be a separate 
violation.  (Ord. No. 615, (part).) 
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Editor's note:  This appendix consists of Ordinance No. 534, the county's zoning ordinance, 
passed and adopted on June 18, 1991, and the amendments thereto.  A uniform system of 
subsection numbering, capitalization and punctuation has been employed and a front 
analysis has been added for the convenience of the user.   
 
§  1.  Findings. 
§  2.  Definitions. 
§  3.  Establishment of zoning districts. 
§  4.  Zoning district regulations. 
§  5.  Special combining zoning districts. 
§  6.  General provisions and exceptions. 
§  7.  Amendments, variances, use permits, and nonconforming uses. 
§  8.  Development standards. 
§  9.  Enforcement. 
§  10. Repealing. 
§  11. Enactment. 
 
 ORDINANCE NO. 534 
 
AN ORDINANCE OF THE COUNTY OF COLUSA, STATE OF CALIFORNIA 
 ADOPTING ZONING REGULATIONS AND ESTABLISHING LAND USE 

ZONES AND REGULATIONS FOR THE USE OF LAND AND BUILDINGS IN 
THE UNINCORPORATED AREAS OF THE COUNTY OF COLUSA. 

 
THE BOARD OF SUPERVISORS OF THE COUNTY OF COLUSA DO ORDAIN AS 
FOLLOWS: 
 
 Article 1.  Findings. 
 
Sec.  1.01.  Findings.  The board of supervisors hereby makes the following findings: 
 
  (a)  Chapter 4, Title 7, commencing with section 65800, of the California 
Government Code provides for the adoption and administration of zoning laws, ordinances, 
rules and regulations by counties and cities as well as for the implementation of the general 
plan in effect in any such county or city.  Said chapter requires county or city zoning 
ordinances to be consistent with the general plan.  
 
A zoning ordinance shall be consistent with a general plan only if a general plan has been 
adopted and the various land uses authorized by the ordinance are compatible with the 
objectives, policies, general land uses and programs specified in such a plan.  In the event 
that a zoning ordinance becomes inconsistent with a general plan by reason of amendment 
to such a plan, or to any element of such a plan, the zoning ordinance shall be amended 
within a reasonable time so that it is consistent with the general plan as amended. 
 
  (b)  Additionally, Article 4 of said Chapter 4, Title 7 (commencing with section 
65910) requires the county to prepare and adopt an open-space zoning ordinance consistent 
with the county's open-space element. 
 
  (c)  The board of supervisors adopted the 1989 Colusa County general plan by 
Resolution #89-3 including all mandatory elements on January 13, 1989. 
 

 



 

 
 S = .00220  IL 
        A 
 
where S is the average slope in percent; 
 I is the contour interval in feet; 
 L is the combined length of contour lines in scale feet; 
 A is the gross area in acres of the parcel or lot (as applicable). 
 
 
 (2)  The maximum number of building sites permitted in a subdivision of a major or 
minor land division shall be determined by dividing the net land area (land area excluding 
streets and private rights-of-way) by the required minimum land area per dwelling unit 
rounding down to next whole number. 
 
 The slope-density equation:  If the parcel has an average slope of ten percent or less, the 
average land area per dwelling unit shall be no less than ten acres.  If the parcel has an 
average slope of forty-one percent or more, the minimum average land area shall be no less 
than eighty acres.  If the parcel has an average slope of eleven percent to forty percent, the 
average land area per dwelling shall be determined by the equation as set forth above.  (see 
Figure I) 
 
Maximum number of dwelling units:  The maximum number of dwelling units permitted in 
a subdivision shall be determined by dividing the gross land area by the average land area per 
dwelling unit, computed to the third significant figure and then rounded to the nearest whole 
number. 
 
 Specific standards:  The following standards apply to issuance of a building permit on 
existing parcels as well as subdivision of existing parcels. 
 
 (A)  Development plan.  Prior to the approval of any parcel split, a development plan for 
all contiguous parcels under a single ownership shall be submitted and approved by the 
county planning commission. 
 
 (B)  Water. 
 
 (i)  Prior to the approval of any subdivision creating five  or more parcels or any parcel 
map creating four or less parcels the proponent shall demonstrate to the satisfaction of the 
county that sufficient water exists within the underlying aquifer to support the ultimate 
population for the lands which overlie the aquifer, or the proponent shall provide a water 
development plan, which demonstrates that sufficient water will be provided to the residents 
for domestic use and fire protection. 
 
 (ii)  Parcels shall have a test well dug and certified to yield a minimum of five gallons per 
minute for twenty-four hours.  If feasible, the test should be conducted not sooner than one 
month after cessation of winter rains. 
 
 (C)  Sewage.  Prior to approval of the development plan the proponent shall demonstrate 
to the satisfaction of the environmental health officer that each parcel contains a sufficient 
sanitary disposal area.  If any question exists that a suitable septic site exists, the technical 
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Memorandum of Understanding
Four County (Butte, Colusa, Glenn, and Tehama

Counties) Regional Water Resource Coordination,
Collaboration, and Communication

1. BACKGROUND
The counties of Butte, Colusa, Glenn, and Tehama share common surface water
and groundwater resources. Based on these common resources, local water
resource managers understand that regular coordination, collaboration, and
communication can result in an improved water resource understanding at both
the county and regional level.

2. PURPOSE

The purpose of this document is to establish the mutual understandings of the
four counties with respect to their voluntary joint efforts toward regional
coordination, collaboration, and communication.

"'-'

3. GOALS

The goals of the Four County Memorandum of Understanding (MOU) are:
2.1. To foster coordination, collaboration and communication between the
four counties on water-related issues, to achieve greater efficiencies, and
enhance public services.
2.2. To provide a framework for the management and disbursement of
funding associated with activities pursued jointly under this MOU.
2.3. To improve competitiveness for State and Federal grant funding.

4. DEFINITIONS

4.1. Four County. Participants including the counties of Butte, Colusa,
Glenn, and Tehama, with representation by the following:

. Butte County: Department of Water and Resource
Conservation

. Colusa County: Department of Planning and Building

. Glenn County: Department of Agriculture

. Tehama County: Flood Control and Water Conservation
District

4.2. Project Manager. A project manager will be determined by the
Counties signatory to this MOU for any given project regardless of funding
source to meet the goals set forth in this MOU.

~

5. MUTUAL UNDERSTANDINGS
5.1. Participation. Signatories to this MOU constitute the current
participants. Participation is strictly on a voluntary basis and may be



'-'
terminated at any time without recourse. Neighboring counties who share
water resources common to the participating counties and who are
engaged in similar activities will be invited to be signatory to this MOU.
Signatories aspire to work collaboratively with other regional programs
and technical outreach efforts.

5.2. Activities. Efforts pursued under this agreement will remain
consistent with and will not exceed the current authority for any individual
participating county. Efforts will include the study and investigation of
water resources common to participants, monitoring and reporting,
information dissemination and sharing between counties and with other
county departments, public outreach and education, and other activities at
the agreement and direction of individual county governing bodies.

5.3. County Funding. Counties are not required to commit funding
associated with activities completed under this MOU. It is understood that
activities under this MOU may result in the more efficient use of existing
and future department funding resulting from improved collaboration and
coordination.

"--"

5.4. External Funding. Signatories will work collaboratively in pursuit of
external funding associated with common interest activities based on
voluntary participation and agreement. When required. a mutually agreed
upon County representative will serve as the Project Manager for activities
completed under a contract with an external funding source. Existing
county contracting mechanisms will be utilized where available for
contractual and invoicing purposes between participating counties.
Nothing in this MOU precludes individual counties from the individual
pursuit, contracting and completion of work from an externally funded
source regardless of a real or perceived regional interest.

5.5. Decision-making. Consensus will be sought when the need for a
decision arises.

5.6. Non-binding nature. This. document and participation under this
MOU are nonbinding, and in no way suggest that a county may not
continue its own activities as each county is expected to continue its own
policies and procedures and undertake efforts to secure project funding
from any source. A county may withdraw from participation at any time.

'-..,../

5.7. Termination. Because the MOU will require periodic review and
updating for use into the future, it is envisioned that the joint efforts of
those involved will be ongoing in maintaining a living document. Thus this
document will remain as a reflection of the understandings of the
participants. Individual signatories of this MOU may terminate their
involvement at any time with no recourse.



"--"
6. SIGNATORIES TO THE MEMORANDUM OF UNDERSTANDING
We, the undersigned representatives of our respective counties, acknowledge
the above as our understanding of how the Four County Coordination,
Collaboration, and Communication MOU will be implemented.

1 ~ 2006 APPROVEDJAN2 4 2006
Date

oV9~6

"'-'"

"-""
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COLUSA COUNTY GROUNDWATER MANAGEMENT PLAN 
PUBLIC OUTREACH PLAN 

 
INTRODUCTION 
 
Colusa County (County), through its Groundwater Management Commission (Commission), is 
initiating work to prepare a Groundwater Management Plan (GMP) in accordance with the 
California Water Code, Article 17050.  The overall goal of the GMP is to ensure that the quantity 
and quality of groundwater in the County is sustained.  This will be accomplished through 
development and implementation of Basin Management Objectives (BMOs).  Concurrently, the 
County will consider potential modifications to its existing Groundwater Management Ordinance 
(GMO) to ensure that the GMP and GMO are consistent.  To prepare the GMP, the County has 
contracted with Wood Rodgers, Inc. of Sacramento, California. 
 
Public outreach as described herein is a key component of the process in preparing the GMP. 
 
PUBLIC OUTREACH OBJECTIVES 
 
To develop a successful GMP for the County, educating the stakeholders that represent water 
agencies, special interest groups, and the general public is required with respect to water 
resources and water resource related activities.  Additionally, meaningful participation of the 
stakeholders is essential throughout the development of the GMP.  Accordingly, the outreach 
plan will be implemented to fulfill the following objectives: 
 

• Establish an open process to facilitate stakeholder input. 
 
• Provide information to facilitate stakeholder education on material forming the 

basis of the GMP. 
 
• Provide a framework by which stakeholders are kept informed of the process, 

issues, and potential solutions. 
 

• Incorporate public comments throughout the decision making process. 
 
GMP PREPARATION 
 
During the course of preparing the GMP, various entities will be involved in developing, 
approving, and adopting the GMP.  Their roles and responsibilities are as follows: 
 

Board of Supervisors – The Board of Supervisors will conduct two public hearings.  
The first hearing will be to adopt a resolution of intent to prepare a GMP and the 
second hearing will be to determine whether or not to adopt the GMP.  These 
hearings will be conducted in compliance with the California Water Code, 
Article 10753.2 through Article 10753.6.  A presentation of the Public Outreach Plan 
will be made to the Board of Supervisors at the onset of the work.  With approval of 
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the Board of Supervisors, Wood Rodgers, in consultation with the County, will 
commence implementation of the Public Outreach Plan in concert with the technical 
work. 
 
Groundwater Management Commission – The Commission will convene at the onset 
of the work and on a quarterly basis thereafter.  The meetings of the Commission will 
be conducted for the primary purpose of keeping the Commission informed and to 
seek concurrence on the work and the direction of the GMP.  The meetings of the 
Commission will also provide an opportunity for irrigation and water districts, 
stakeholder groups, and the general public to be kept informed and to provide 
comments for consideration in preparing the GMP.  The Commission will take action 
on the GMP to forward it to the Board of Supervisors for adoption. 
 
Groundwater Management Plan Team – The GMP team consists of the County, the 
California Department of Water Resources (DWR), and Wood Rodgers.  Wood 
Rodgers will perform the majority of the technical work and analyses, draft the 
BMOs, conduct and document the public outreach effort, conduct public workshops 
and PAC meetings, participate in the public hearings, and make presentations as 
approved by the County.  DWR will provide available resource data, GIS base map, 
and review Wood Rodgers’ work.  In addition, DWR’s Northern District will 
maintain a link on its website for the GMP so that information on the project is 
available to interested parties.  The County will provide the names and addresses of 
districts, special interest groups and interested public members, and assist in 
distributing newsletters and notifications of meetings and events through the media.  
The County will also provide available data and information related to the general 
plan and land and water use policies and ordinances affecting water management in 
the County. 
 
Plan Advisory Committee – The Plan Advisory Committee (PAC) will be comprised 
of representatives of water purveyors, cities, environmental and special interest 
groups, and the general public selected by the County. The PAC will provide data and 
information, opinions, and review and comment on material prepared by the GMP 
team.  Meetings with the PAC are anticipated to occur on a bimonthly basis or at 
strategic times for addressing particular items, as appropriate. 

 
General Public – The public will be invited to participate in two public workshops 
and two public hearings.  The first workshop will be conducted in the early part of the 
work and the second workshop will be conducted prior to releasing the public draft 
GMP.  The two public hearings will be conducted in compliance with the California 
Water Code, Article 17050. 

 
COMMUNICATIONS AND NOTIFICATIONS 
 
Communication and notification is an important aspect of effective outreach.  Various means of 
communication and notification will be utilized to implement this Public Outreach Plan 
including the following:   
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Mailing/Contact List – A list of the names and addresses of participants and 
interested parties will be created by Wood Rodgers and used for communicating 
information regarding meetings and materials related to the GMP. 
  
Website – DWR (Northern District) will establish a link for the County GMP and 
maintain it for the duration of the project.  The website will be used primarily to post 
information related to meetings and events for the project and selected information 
developed during the course of the work.  The public draft GMP will be posted on the 
website for review.  Wood Rodgers will coordinate with the County and DWR to 
determine information to be posted. 
 
Newsletters – Newsletters will be prepared and distributed by Wood Rodgers in 
advance of the two planned public workshops and the public hearings.  The 
newsletters will outline pertinent information about the project and the purpose for 
the workshops and hearings.  The newsletters will be mailed to the names and 
addresses on the mailing/contact list.   
 
Media – The County will work with the local newspaper and radio and television 
stations to obtain coverage for the project in advance of the public workshops, Board 
of Supervisors meetings and public hearings, Groundwater Commission meetings, 
and selected meetings. 
 

WORKSHOPS, PUBLIC HEARINGS, MEETINGS, AND PRESENTATIONS 
 
An important part of the public outreach will be the communications provided by the GMP team 
and comments provided by those participating in a particular forum.  In general, the framework 
for the various forums conducted by Wood Rodgers will be as described below.  The timing for 
conducting the respective forums is shown on the overall project schedule, which is attached.  
Communications and notifications will be made in advance of each forum using the means 
noted. 
 

Workshops – Two workshops will be conducted that will include a PowerPoint 
presentation of the purpose, scope, and schedule for preparing the GMP (first 
workshop) and highlights of the draft GMP (second workshop).  The purpose of the 
workshops will be to inform the general public of the work and to receive input on 
major concerns—both technically and geographically. If deemed appropriate a third 
workshop may be conducted mid-way through the GMP formulation process.  Each 
workshop will be conducted at three different locations to facilitate participation by 
interested parties.  Attendance and input or comments received will be documented. 
 
Public Hearings – Two public hearings are required to adopt a GMP in compliance 
with the California Water Code, Article 17050.  The first public hearing will be 
conducted to adopt a resolution of intent to prepare a GMP and the second public 
hearing will be conducted to determine whether or not to adopt the GMP. 
 
Meetings – During the course of the project, meetings will be held with the Board of 
Supervisors, the Commission, and the PAC.  All meetings will have an agenda with 
copies of pertinent information, as appropriate.  Some meetings may include 
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PowerPoint presentations for ease of communicating the information to be addressed.  
Notes of the meetings will be prepared to document the salient items discussed.  
Attendance at the meetings of the Commission and PAC will be documented. 
 
Presentations – As approved by the County, presentations may be made to special 
interest groups or organizations.  Generally, these presentations will include a 
PowerPoint presentation and handouts.  Comments or input received during the 
respective stakeholder group discussions will be documented as well as the 
attendance. 

 
SUMMARY OF OPPORTUNITIES FOR PUBLIC PARTICIPATION 
 
The County is providing numerous opportunities for the public to participate in and to stay 
informed throughout the GMP planning process.  A summary of the opportunities noted 
above with the anticipated timing of the event, as shown on the project schedule, include 
the following: 
 

• Board of Supervisor meetings and public hearings. 
 
• Groundwater Commission meetings. 

 
• Public Meetings. 

 
In addition, the opportunity is available to provide input and comments to the Colusa 
County Department of Planning and Building throughout the planning process.  Also, 
thanks to the California Department of Water Resources, a website will be available to the 
public to facilitate being informed of meeting dates, draft documents, as well as for 
providing comments. 
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COLUSA COUNTY GROUNDWATER MANAGEMENT PLAN 
 

PLAN ADVISORY COMMITTEE 
MEETING NO. 1 
March 14, 2007 

(1:00 p.m. – 3:00 p.m.) 
 

AGENDA 
 
 
1. Opening Remarks and Introductions 
 
2. Purpose of Groundwater Management Plan (GMP) 
 
3. Project Scope and Schedule 
 
4. Public Outreach Plan 
 
5. PAC Participation 
 
6. Data and Information Needs 

• Role of DWR Northern District 
 
7. PAC Comments/Discussion 
 
8. PAC Meeting Schedule 
 



 
 

COLUSA COUNTY GROUNDWATER MANAGEMENT PLAN 
 

PLAN ADVISORY COMMITTEE 
MEETING NO. 2 

April 18, 2007 
(1:00 p.m. – 3:00 p.m.) 

 
AGENDA 

 
 
1. Introductions 
 
2. Review Comments from March 14, 2007 Meeting 
 
3. Introduction of Groundwater Concepts 
 

a. Presentation 
b. Questions/Comments 

 
4. Groundwater Management Plan and Basin Management Objectives 
 
5. Project Website 
 
6. PAC Comments/Discussion 
 
7. PAC Meeting Schedule (3rd Wednesday, 1:00 p.m. to 3:00 p.m.) 
 



 
 

COLUSA COUNTY GROUNDWATER MANAGEMENT PLAN 
 

PLAN ADVISORY COMMITTEE 
MEETING NO. 2 

April 18, 2007 
(1:00 p.m. – 3:00 p.m.) 

 
INFORMATION IN PROGRESS 

 
 
1. Table 1, Land Use – 1993, 1998, 2003 
 
2. Map 1, Water Purveyors 
 
3. Map 2, Irrigated Land Water Sources – 1993 
 
4. Map 3, Irrigated Land Water Sources – 2003 
 
5. Map 4, Groundwater Elevation and Well Completion 
 
6. Map 5, Specific Conductance by Well Depth 



 
 

COLUSA COUNTY GROUNDWATER MANAGEMENT PLAN 
 

PLAN ADVISORY COMMITTEE 
MEETING NO. 3 

May 16, 2007 
(1:00 p.m. – 3:00 p.m.) 

 
COLUSA INDUSTRIAL PARK 

AGENDA 
 
 
1. Introductions 
 
2. Review of Presentation Material from March 14, 2007 Meeting 
 
3. Groundwater Management Plan Discussion 
 
4. Geologic Setting 
 
5. Groundwater Levels 
 
6. Water Quality 
 
7. Basin Management Objectives 
 
8. Project Website 
 
9. Schedule 

a. Public Meeting 
b. Public Hearing 

 
10. PAC Comments/Discussion 
 
11. PAC Meeting Schedule (3rd Wednesday, 1:00 p.m. to 3:00 p.m.) 
 
 



Mailed/Emailed 
6-15-07 

 
 
 

COLUSA COUNTY GROUNDWATER MANAGEMENT PLAN 
 
 

NOTICE 
 

UPCOMING MEETINGS (UPDATED) 
 
 
1. Plan Advisory Committee Meeting No. 4 

 
Date: June 20, 2007 
Time: 1:00 p.m. to 3:00 p.m. 
Location: Colusa County Farm Bureau Conference Room 
 520 Market Street 
 Colusa, CA  95932 

 
2. Board of Supervisors Public Hearing (on intent to prepare a GMP pursuant to Water 

Code 17500) 
 

Date: June 26, 2007 
Time: 9:30 a.m. 
Location: Board Chambers 
 547 Market Street, Suite 108 
 Colusa, CA  95932 

 
3. Public Meeting 
 

Date: July 10, 2007 
Time: 7:00 p.m. to 9:00 p.m. 
Location: Arbuckle/College City Fire Hall 
 506 Lucas Street 
 Arbuckle, CA  95912 

 
4. Public Meeting 
 

Date: July 11, 2007 
Time: 7:00 to 9:00 p.m. 
Location: Maxwell Veteran Building 
 250 Oak Street 
 Maxwell, CA 95955 



 
 

COLUSA COUNTY GROUNDWATER MANAGEMENT PLAN 
 

PLAN ADVISORY COMMITTEE 
MEETING NO. 4 

June 20, 2007 
(1:00 p.m. – 3:00 p.m.) 

 
AGENDA 

(COLUSA COUNTY FARM BUREAU CONFERENCE ROOM) 
 
 
1. Introductions 
 
2. Review of Items/Questions from May 16, 2007 PAC Meeting 
 
3. PG&E Presentation (Irrigation Water and Power) 
 
4. Groundwater Data and Information (DWR Northern District) 
 
5. Potential Groundwater Management Areas 
 
6. Example Basin Management Objectives 
 
7. Project Website 
 
8. Schedule 

a. Public Hearing 
b. Public Meeting 

 
9. PAC Comments/Discussion 
 
10. PAC Meeting Schedule 
 



 

 

 
 

COLUSA COUNTY GROUNDWATER MANAGEMENT PLAN 
 

PLAN ADVISORY COMMITTEE – MEETING NO. 5 
AUGUST 15, 2007 

2:00 P.M. – 4:00 P.M. 
 

SCOUT CABIN 
901 PARKHILL STREET 

COLUSA, CA 
 

AGENDA 
 
 

PLEASE NOTE 
CHANGE IN MEETING LOCATION AND TIME 

 
 

 
1. Introductions 
 
2. Review of Public Workshops 
 
3. Agricultural Water Use 
 
4. Basin Management Objectives 
 
5. Project Website 
 
6. PAC Comments/Discussion 
 
7. PAC Meeting Schedule  

 
 
 

PLEASE NOTE 
CHANGE IN MEETING LOCATION AND TIME 

 



Colusa County GMP 
PAC Meeting No. 5 

August 15, 2007 
Comments 

 
 
 
 

 “Teeth” for GMP 
 Policy → Implementation → Institution 
 4-County MOU for regional management 
 Contact list 
 GMPs for County Entities 
 Local control is important coordinate within county before regional to achieve this 

• Independent pumpers 
 BMOS – for Districts? or overall 
 Constraints on conjunctive use  

• Economic/water rights 
 What will happen to unused Tier ½ water? 
 Mitigate is not an objective? 
 Conflict resolution is good objective 

• Not “top-down” is good 
 Mitigation is important 
 What is “unnecessary” restriction? 

• Private property rights 
 Connection between restriction on GW use vs. Cost 
 Economic/cost impacts 
 Optimizing conjunctive use can help other problems 
 WQ deterioration from gas wells that are going in (Grimes) 
 Concern about impacts from District pumping, particularly if they are selling water 



 
 

COLUSA COUNTY GROUNDWATER MANAGEMENT PLAN 
 

PLAN ADVISORY COMMITTEE – MEETING NO. 6 
OCTOBER 17, 2007 

1:00 P.M. – 3:00 P.M. 
 

COLUSA INDUSTRIAL PARK 
CONFERENCE ROOM 

COLUSA, CA 
 

AGENDA 
 
1. Introductions 
 
2. Recap of Planning Process 

a. Purpose 
b. Activities to Date 
c. Schedule 

 
3. GMP Report Outline (Draft Attached) 
 
4. Discussion of Groundwater Management Goals (Draft Attached) 

 
5. Discussion of Basin Management Objectives (Draft Attached) 

 
6. Monitoring Program 

a. Countywide 
b. Project-Specific 

 
7. Topics to Address at PAC Meeting on November 14, 2007 
 
8. PAC Comments/Discussion 
 
9. Close Meeting 

 



Mailed/Emailed 
11-7-07 

 
 

COLUSA COUNTY GROUNDWATER MANAGEMENT PLAN 
 
 

IMPORTANT NOTICE 
 

**MEETING CANCELED** 
NOVEMBER 14, 2007 

 
Please note that the following Plan Advisory Committee (PAC) meeting has been 
canceled for: 
 

Wednesday, November 14, 2007 
 
 
The next PAC meeting is scheduled for: 
 

Wednesday, December 19, 2007 
1:00 p.m. to 3:00 p.m. 

 
The meeting location is: 
 

Colusa Industrial Park Conference Room 
100 Sunrise Blvd. 

Colusa, CA 
 
 
Please contact the following people with any questions or clarifications regarding 
this Notice. 
 
Fran Borcalli 
916-919-7993 
fborcalli@woodrodgers.com 
 
Kim Venton 
916-326-5222 
kventon@woodrodgers.com 



 
 

COLUSA COUNTY GROUNDWATER MANAGEMENT PLAN 
 

PLAN ADVISORY COMMITTEE – MEETING NO. 7 
DECEMBER 19, 2007 
1:00 P.M. – 3:00 P.M. 

 
COLUSA INDUSTRIAL PARK 

CONFERENCE ROOM 
COLUSA, CA 

 
AGENDA 

 
1. Introductions 
 
2. Community Meeting in Stonyford 
 
3. Colusa County Code, Chapter 43, “Groundwater Management,” and Board of Supervisors 

Resolution No. 98-44 (Bylaws for the County Groundwater Commission) 
 
4. Groundwater Management Framework: 

• Groundwater Management Goals1 
• Basin Management Objectives1 
• Institutional Framework2 
• Monitoring2 
• Water Transfers2 
• Public Outreach2 

 
5. GMP Schedule 
 
6. Other 
 
 
 
 
 
 
 
 
 
____________________ 
 
1Addressed at PAC meeting on October 17, 2007. 
2To be addressed at PAC meeting on December 19, 2007.dressed at PAC meeting on October 17, 2007. 
 
 
J:jobs\8300_ColusaCounty\GMP\Civil\Docs\Meetings\Agendas\Meeting Agenda_12-19-07 
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Colusa Groundwater Management Plan

Planning Advisory Committee 

Meeting No. 2
April 18, 2007

Colusa Groundwater Management Plan

Planning Advisory Committee 

Meeting No. 2
April 18, 2007

Groundwater ConceptsGroundwater Concepts

Presented by Wood Rodgers, Inc.

Fran Borcalli, PE
Larry Ernst, PG

Kim Venton

Meeting No. 2
April 18, 2007

Presented by Wood Rodgers, Inc.

Fran Borcalli, PE
Larry Ernst, PG

Kim Venton

Meeting No. 2
April 18, 2007

Groundwater ConceptsGroundwater Concepts

Groundwater ConceptsGroundwater Concepts
Colusa County Groundwater Management Plan

What is groundwater?What is groundwater?

►Groundwater is water that is under 
ground & below the water table

►Surface water is water that flows 
across the ground surface

►Groundwater is water that is under 
ground & below the water table

►Surface water is water that flows 
across the ground surface

What is groundwater?What is groundwater?

►Surface Water►Surface Water

►Groundwater►Groundwater

►Exists beneath the ground surface in 
aquifers

►Exists beneath the ground surface in 
aquifers

What is groundwater?What is groundwater?
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Tehama-Colusa Canal

Sacramento River

►Flows across the ground 
surface in:

• Rivers & Streams
• Canals

►Can also be detained in: 
• Lakes
• Reservoirs

►Flows across the ground 
surface in:

• Rivers & Streams
• Canals

►Can also be detained in: 
• Lakes
• Reservoirs

Surface WaterSurface Water What is the subsurface made up of?What is the subsurface made up of?

What is the subsurface made up of?What is the subsurface made up of?

►Hard rock
– Water exists in cracks or fractures

►Underground caverns
– Water-filled caverns

►Porous sediments
– Water exists in the pore space of 

sediments

►Hard rock
– Water exists in cracks or fractures

►Underground caverns
– Water-filled caverns

►Porous sediments
– Water exists in the pore space of 

sediments

What is the subsurface made up of?What is the subsurface made up of?

► In the Sacramento Valley, groundwater 
is in the many layers of gravel, sand, 
silt and clay that are beneath the valley 
floor

► In the Sacramento Valley, groundwater 
is in the many layers of gravel, sand, 
silt and clay that are beneath the valley 
floor

What is the subsurface made up of?What is the subsurface made up of?

►The Sacramento Valley is a big trough 
about 25,000 feet deep, that is filled 
with sediment

►The Sacramento Valley is a big trough 
about 25,000 feet deep, that is filled 
with sediment

Coast Range 
Mountains

Sacramento 
Valley

Sierra Nevada 
Mountains

What is the subsurface made up of?What is the subsurface made up of?

►Most of the sediments in the valley 
contain salt water; only the top 10% 
contains freshwater

►Most of the sediments in the valley 
contain salt water; only the top 10% 
contains freshwater

Coast Range 
Mountains

Sacramento 
Valley

Sierra Nevada 
Mountains
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What is the subsurface made up of?What is the subsurface made up of?

►Within the fresh water sediments, there 
are different aquifer zones that are 
separated by clay or confining layers

►Within the fresh water sediments, there 
are different aquifer zones that are 
separated by clay or confining layers

What is the subsurface made up of?What is the subsurface made up of?

How do we get groundwater out of the 
ground so we can use it?

How do we get groundwater out of the 
ground so we can use it?

How do we get groundwater out of the 
ground so we can use it?

How do we get groundwater out of the 
ground so we can use it?

►By Constructing Wells►By Constructing Wells

How do we get groundwater out of the 
ground so we can use it?

How do we get groundwater out of the 
ground so we can use it?

Aquifer 
Material

Clay Layer

How do we get groundwater out of the 
ground so we can use it?

How do we get groundwater out of the 
ground so we can use it?

► In some cases, water flows out of the 
well at the ground surface – this is 
called a flowing artesian well

►When the water level in a well is below 
ground surface, the water has to be 
pumped out of the well

► In some cases, water flows out of the 
well at the ground surface – this is 
called a flowing artesian well

►When the water level in a well is below 
ground surface, the water has to be 
pumped out of the well
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How do we get groundwater out of the 
ground so we can use it?

How do we get groundwater out of the 
ground so we can use it?

Flowing Artesian Well Pumped Well

If we remove groundwater by pumping, 
how does it get replenished?

If we remove groundwater by pumping, 
how does it get replenished?

►Rainfall
►Surface 

water
►Applied 

Irrigation 
Water

►Rainfall
►Surface 

water
►Applied 

Irrigation 
Water

Aquifer 1 - unconfined

Aquifer 2 - confined

How do we know how pumping and 
recharge balance each other?

How do we know how pumping and 
recharge balance each other?
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How do we know how pumping and 
recharge balance each other?

How do we know how pumping and 
recharge balance each other?

►By measuring water levels on an 
ongoing basis

►By measuring water levels on an 
ongoing basis

How do we know how pumping and 
recharge balance each other?

How do we know how pumping and 
recharge balance each other?

► Example 1 – Recharge is approximately equal to 
pumping

► Example 1 – Recharge is approximately equal to 
pumping 16N/2W-25B2M
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How do we know how pumping and 
recharge balance each other?

How do we know how pumping and 
recharge balance each other?
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Ground Surface - 60 Feet MSL
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Ground Surface - 60 Feet MSL

► Example 2 – Basically no pumping - recharge 
exceeds pumping

► Example 2 – Basically no pumping - recharge 
exceeds pumping

How do we know how pumping and 
recharge balance each other?

How do we know how pumping and 
recharge balance each other?

13N/2W-04G3M
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Ground Surface - 187 Feet MSL
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► Example 3 – Pumping exceeds recharge (’53-’67) ► Example 3 – Pumping exceeds recharge (’53-’67) 

How do we know how pumping and 
recharge balance each other?
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Ground Surface - 187 Feet MSL

► Example 3 – Pumping approximately equal to 
recharge (’67-’83)

► Example 3 – Pumping approximately equal to 
recharge (’67-’83)

How do we know how pumping and 
recharge balance each other?

How do we know how pumping and 
recharge balance each other?
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► Example 3 – Recharge exceeds pumping (’83-’06)► Example 3 – Recharge exceeds pumping (’83-’06)
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Potential Adverse ImpactsPotential Adverse Impacts Potential Adverse ImpactsPotential Adverse Impacts

►Water levels go down to the point that 
pumps get dewatered or wells go dry

►Well problems, in most cases, can be 
fixed by lowering pumps and/or 
deepening wells 

►Water levels go down to the point that 
pumps get dewatered or wells go dry

►Well problems, in most cases, can be 
fixed by lowering pumps and/or 
deepening wells 

Potential Adverse ImpactsPotential Adverse Impacts Potential Adverse ImpactsPotential Adverse Impacts

►Land Subsidence
– Elastic land subsidence is the temporary 

compression of sediments as a result of 
pumping and does not normally cause 
problems

►Land Subsidence
– Elastic land subsidence is the temporary 

compression of sediments as a result of 
pumping and does not normally cause 
problems

Potential Adverse ImpactsPotential Adverse Impacts

►Land subsidence
– Inelastic land subsidence is the 

permanent compaction of 
sediments and can affect:
• Canals
• Roads
• Bridges
• Wells
• Levees

►Land subsidence
– Inelastic land subsidence is the 

permanent compaction of 
sediments and can affect:
• Canals
• Roads
• Bridges
• Wells
• Levees

http://water.usgs.gov/ogw/pubs/fs00165/http://geochange.er.usgs.gov/sw/changes/ant
hropogenic/subside/

Potential Adverse ImpactsPotential Adverse Impacts
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► If it happens at all, inelastic land subsidence generally 
happens the first time water levels reach a new low

► If it happens at all, inelastic land subsidence generally 
happens the first time water levels reach a new low
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Potential Adverse ImpactsPotential Adverse Impacts

►Water quality degradation
– Changes in water quality that can be 

irreversible
• Surface contamination
• Mixing aquifers of different water quality

►Water quality degradation
– Changes in water quality that can be 

irreversible
• Surface contamination
• Mixing aquifers of different water quality

ConclusionConclusion

►This presentation has given an 
introduction to groundwater concepts 
as they relate to groundwater 
management in Colusa County. 

►This presentation has given an 
introduction to groundwater concepts 
as they relate to groundwater 
management in Colusa County. 

Questions & AnswersQuestions & Answers Colusa County Groundwater 
Management Plan

Colusa County Groundwater 
Management Plan

► Groundwater Management – The planned and 
coordinated management of a groundwater basin 
with a goal of long-term sustainability of the 
resource.

► Basin Management Objectives – Objectives that set 
forth the priorities and measurable criteria of local 
groundwater basin management.

Source:  Bulletin 118 – Update 2003, California Groundwater, California Department of Water Resources.

► Groundwater Management – The planned and 
coordinated management of a groundwater basin 
with a goal of long-term sustainability of the 
resource.

► Basin Management Objectives – Objectives that set 
forth the priorities and measurable criteria of local 
groundwater basin management.

Source:  Bulletin 118 – Update 2003, California Groundwater, California Department of Water Resources.

Colusa County Groundwater 
Management Plan

Colusa County Groundwater 
Management Plan

► To be responsible stewards of the water 
resources of Colusa

► To avoid creating adverse impacts that are 
irreversible or cannot be mitigated

► To be eligible for grant funding administered 
by DWR to increase the understanding of 
the groundwater basin in Colusa County

Source:  Bulletin 118 – Update 2003, California Groundwater, California Department of Water Resources.

► To be responsible stewards of the water 
resources of Colusa

► To avoid creating adverse impacts that are 
irreversible or cannot be mitigated

► To be eligible for grant funding administered 
by DWR to increase the understanding of 
the groundwater basin in Colusa County

Source:  Bulletin 118 – Update 2003, California Groundwater, California Department of Water Resources.
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Colusa Groundwater Management Plan

Planning Advisory Committee 

Meeting No. 3
May 16, 2007

Colusa Groundwater Management Plan

Planning Advisory Committee 

Meeting No. 3
May 16, 2007

Colusa County HydrogeologyColusa County Hydrogeology

Presented by Wood Rodgers, Inc.

Fran Borcalli, PE
Kim Venton

Meeting No. 3
May 16, 2007

Presented by Wood Rodgers, Inc.

Fran Borcalli, PE
Kim Venton

Meeting No. 3
May 16, 2007

Colusa County HydrogeologyColusa County Hydrogeology

Simplified Geology of Colusa CountySimplified Geology of Colusa County Simplified Geologic Cross SectionSimplified Geologic Cross Section

Lower Tuscan and Maxwell ID WellsLower Tuscan and Maxwell ID Wells Lower Tuscan and Maxwell ID WellsLower Tuscan and Maxwell ID Wells
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Surface Water QualitySurface Water Quality Specific ConductanceSpecific Conductance

Specific Conductance < 200 ft.Specific Conductance < 200 ft. Specific Conductance 200 – 500 ft.Specific Conductance 200 – 500 ft.

Sodium Adsorption RatioSodium Adsorption Ratio BoronBoron
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Boron < 200 ft.Boron < 200 ft. Boron 200 – 500 ft.Boron 200 – 500 ft.

Boron > 500 ft.Boron > 500 ft. ManganeseManganese

Manganese < 200 ft.Manganese < 200 ft. Manganese 200 – 500 ft.Manganese 200 – 500 ft.
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Manganese > 500 ft.Manganese > 500 ft. NitrateNitrate

Nitrate < 200 ft.Nitrate < 200 ft. Nitrate 200 – 500 ft.Nitrate 200 – 500 ft.

Nitrate > 500 ft.Nitrate > 500 ft. Groundwater Levels over TimeGroundwater Levels over Time
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Groundwater Levels over TimeGroundwater Levels over Time Groundwater Contours – Spring 1977Groundwater Contours – Spring 1977

Groundwater Contours – Spring 2006Groundwater Contours – Spring 2006
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Plan Advisory Committee
Meeting No. 3

Plan Advisory Committee
Meeting No. 3

Colusa County Groundwater 
Management Plan 

Development

Colusa County Groundwater 
Management Plan 

Development

May 16, 2007May 16, 2007

Public Outreach ObjectivesPublic Outreach Objectives

Establish an open process to facilitate 
stakeholder input.
Provide information to facilitate 
stakeholder education on material 
forming the basis of the GMP.
Provide a framework by which 
stakeholders are kept informed of the 
process, issues, and potential solutions.
Incorporate public comments throughout 
the decision-making process.

Establish an open process to facilitate 
stakeholder input.
Provide information to facilitate 
stakeholder education on material 
forming the basis of the GMP.
Provide a framework by which 
stakeholders are kept informed of the 
process, issues, and potential solutions.
Incorporate public comments throughout 
the decision-making process.

Forums for Public InputForums for Public Input
Board of Supervisors

Informational Presentations (2)
Public Hearings (2)

Groundwater Management Commission
Informational Presentations (4)

Plan Advisory Committee
Data and Information Review and Plan 
Formulation (10-13)

Public Meetings
Workshops (2)

Board of Supervisors
Informational Presentations (2)
Public Hearings (2)

Groundwater Management Commission
Informational Presentations (4)

Plan Advisory Committee
Data and Information Review and Plan 
Formulation (10-13)

Public Meetings
Workshops (2)

Public Communication and NotificationPublic Communication and Notification

Mailing/Contact List

Website

Newsletters

Media (Newspapers, Radio, Television)

Mailing/Contact List

Website

Newsletters

Media (Newspapers, Radio, Television)

Colusa County Groundwater Management Plan
Public Outreach and Plan Development Schedule
Colusa County Groundwater Management Plan

Public Outreach and Plan Development Schedule
1.0 Public Outreach Plan

1.1  Plan Development
1.2  Plan Implementation

Board of Supervisors Meeting
Public Hearing – NOI
Public Hearing – GMP Adoption

Groundwater Commission Meeting
Groundwater Management Team
Meeting
Plan Advisory Committee Meeting
Public Meeting #1
Public Meeting #2

2.0 Water Resources Characterization
2.1  General Physical Setting
2.2  Hydrogeology
2.3  Surface Water Hydrology
2.4  Groundwater Well Infrastructure
2.5  Groundwater Monitoring
2.6  Groundwater Quality Assessment
2.7  Groundwater Resource Protection
2.8  Water Use and Supply Inventory

3.0 GMP Development
3.1  Identify GMP Participation
3.2  Define the GMP Area
3.3  Identify BMOs
3.4  Develop GMP Goals and BMOs
3.5  Develop GMP Implementation Actions &

Schedule
3.6  Prepare GMP Document

Draft
Public Review
Final

4.0 Project Management
4.1  Project Management and Coordination
4.2  Project Status / Budget Reports

Sep 06 Oct 06 Nov  06 Dec 06 Jan 07 Feb 07 Mar 07 Apr 07 May 07 Jun 07 Jul 07 Aug 07 Nov  07 Dec 07 Jan 08 Feb 08

2/16

Sep 07 Oct 07

10/19
3/20

2/5

2/20
11/15 Questions and CommentsQuestions and Comments
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Plan Advisory Committee
Meeting No. 4

Plan Advisory Committee
Meeting No. 4

Colusa County Groundwater 
Management Plan Development

Colusa County Groundwater 
Management Plan Development

Fran Borcalli, P.E.
Kim Venton

June 20, 2007

Fran Borcalli, P.E.
Kim Venton

June 20, 2007

COLUSA COUNTY GROUNDWATER 
MANAGEMENT PLAN

COLUSA COUNTY GROUNDWATER 
MANAGEMENT PLAN

To be responsible stewards of the water 
resources of Colusa County

To avoid creating adverse impacts that are 
irreversible or cannot be mitigated

To be eligible for grant funding administered 
by DWR to increase the understanding of 
the groundwater basin in Colusa County

To retain local control of water management 
decisions

To be responsible stewards of the water 
resources of Colusa County

To avoid creating adverse impacts that are 
irreversible or cannot be mitigated

To be eligible for grant funding administered 
by DWR to increase the understanding of 
the groundwater basin in Colusa County

To retain local control of water management 
decisions

Groundwater Management –
The planned and coordinated 
management of a groundwater basin with 
a goal of long-term sustainability of the 
resource.

Basin Management Objectives –
Objectives that set forth the priorities and 
measurable criteria of local groundwater 
basin management.
Source:  Bulletin 118 – Update 2003, California Groundwater, California Department 
of Water Resources.

Groundwater Management –
The planned and coordinated 
management of a groundwater basin with 
a goal of long-term sustainability of the 
resource.

Basin Management Objectives –
Objectives that set forth the priorities and 
measurable criteria of local groundwater 
basin management.
Source:  Bulletin 118 – Update 2003, California Groundwater, California Department 
of Water Resources.

COLUSA COUNTY GROUNDWATER 
MANAGEMENT PLAN

COLUSA COUNTY GROUNDWATER 
MANAGEMENT PLAN Management AreasManagement Areas

Specific Conductance by Well DepthSpecific Conductance by Well Depth Basin Management Objectives
Parameters Monitored

Basin Management Objectives
Parameters Monitored

Groundwater Levels

Groundwater Quality

Land Subsidence

Streamflow Depletion

Groundwater Levels

Groundwater Quality

Land Subsidence

Streamflow Depletion
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Basin Management Objectives
Example Management Areas

Basin Management Objectives
Example Management Areas

Jurisdictional Boundaries

Hydrogeologic Boundaries

Hydrologic / Hydrogeologic Conditions

Combinations of Above

Jurisdictional Boundaries

Hydrogeologic Boundaries

Hydrologic / Hydrogeologic Conditions

Combinations of Above

Basin Management Objectives
Management Guidelines

Basin Management Objectives
Management Guidelines

Quantitative Approach

Qualitative Approach

Quantitative Approach

Qualitative Approach

Meetings ScheduleMeetings Schedule

Public Hearing   June 26, 2007 – 9:30 a.m.
Board Chambers
547 Market Street, Suite 108
Colusa, CA  95932

Public Meeting    July 10, 2007 – 7:00-9:00 p.m.
Arbuckle/College City Fire Hall
506 Lucas Street
Arbuckle, CA  95912

Public Meeting    July 11, 2007 – 7:00-9:00 p.m.
Maxwell Veteran Building
250 Oak Street
Maxwell, CA  95955

Public Hearing   June 26, 2007 – 9:30 a.m.
Board Chambers
547 Market Street, Suite 108
Colusa, CA  95932

Public Meeting    July 10, 2007 – 7:00-9:00 p.m.
Arbuckle/College City Fire Hall
506 Lucas Street
Arbuckle, CA  95912

Public Meeting    July 11, 2007 – 7:00-9:00 p.m.
Maxwell Veteran Building
250 Oak Street
Maxwell, CA  95955
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Plan Advisory CommitteePlan Advisory Committee
Meeting No. 5Meeting No. 5

Presented by Wood Rodgers, Inc.Presented by Wood Rodgers, Inc.

Fran Borcalli, PEFran Borcalli, PE
Kim VentonKim Venton

August 15, 2007August 15, 2007

Colusa County
Groundwater Management Plan

Colusa CountyColusa County
Groundwater Management PlanGroundwater Management Plan Basin Management Objectives (Basin Management Objectives (BMOsBMOs))

•• Must be included in a Groundwater Management Must be included in a Groundwater Management 
Plan Plan -- SB 1938 (2002).SB 1938 (2002).

•• ““Objectives that set forth the priorities and Objectives that set forth the priorities and 
measurable criteria of local groundwater basin measurable criteria of local groundwater basin 
managementmanagement””. (DWR Bulletin 118, 2003). (DWR Bulletin 118, 2003)

•• Formalize the goals that people in the County Formalize the goals that people in the County 
want to achieve with groundwater management.want to achieve with groundwater management.

Considerations for Selecting a BMOConsiderations for Selecting a BMO

•• Does it reflect the CountyDoes it reflect the County’’s goals for s goals for 
groundwater management?groundwater management?

•• Does it make sense based on the understanding Does it make sense based on the understanding 
of groundwater in the County?of groundwater in the County?

•• Is it meaningful?Is it meaningful?

–– Is it possible to achieve?Is it possible to achieve?

–– Is it possible to objectively measure how well it is Is it possible to objectively measure how well it is 
being achieved?being achieved?

ExampleExample
Groundwater Management PlansGroundwater Management Plans

•• WestlandsWestlands Water District (WWD, Water District (WWD, 
1996)1996)

•• Glenn County (2001)Glenn County (2001)

•• Sacramento Groundwater Authority Sacramento Groundwater Authority 
(SGA, 2003)(SGA, 2003)

•• Butte County (2004)Butte County (2004)

Implementation of Implementation of BMOsBMOs

•• Once Once BMOsBMOs are established, what is going are established, what is going 
to be done to know if they are being to be done to know if they are being 
achieved?achieved?

–– Monitoring Monitoring –– collect data.collect data.

–– Analysis Analysis –– analyze the data to determine if analyze the data to determine if 
the the BMOsBMOs are being achieved and to better are being achieved and to better 
understand groundwater in the County.understand groundwater in the County.

–– Reporting Reporting –– make the data and analysis make the data and analysis 
available to the public.available to the public.

BMOsBMOs for Discussionfor Discussion

•• Coordinate local and regional groundwater Coordinate local and regional groundwater 
management.management.

•• Optimize Optimize conjuctiveconjuctive use of groundwater and use of groundwater and 
surface water.surface water.

•• Ensure longEnsure long--term groundwater reliability.term groundwater reliability.

•• Minimize groundwater supply costs while Minimize groundwater supply costs while 
meeting other objectives.meeting other objectives.
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BMOsBMOs for Discussionfor Discussion
•• Protect against and mitigate adverse impacts Protect against and mitigate adverse impacts 

from groundwater pumping.from groundwater pumping.

•• Maintain local control.Maintain local control.

•• Prevent unnecessary restrictions on groundwater Prevent unnecessary restrictions on groundwater 
use.use.

•• Maintain or improve groundwater quality.Maintain or improve groundwater quality.

•• Protect against and mitigate environmental Protect against and mitigate environmental 
degradation and adverse impacts to surface degradation and adverse impacts to surface 
water and/or wetlands.water and/or wetlands.
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Plan Advisory CommitteePlan Advisory Committee
Meeting No. 7Meeting No. 7

Presented by Wood Rodgers, Inc.Presented by Wood Rodgers, Inc.

Fran Borcalli, P.E.Fran Borcalli, P.E.
Larry Ernst, P.G., C.E.G., C.H.G.Larry Ernst, P.G., C.E.G., C.H.G.

December 19, 2007December 19, 2007

Colusa County
Groundwater Management Plan

…to be effective it must be implemented

Colusa CountyColusa County
Groundwater Management PlanGroundwater Management Plan

……to be effective it must be implementedto be effective it must be implemented

Groundwater Management Groundwater Management 
FrameworkFramework

•• Discussed at Previous MeetingsDiscussed at Previous Meetings
–– Groundwater Management GoalsGroundwater Management Goals

–– Basin Management ObjectivesBasin Management Objectives

•• To be Discussed TodayTo be Discussed Today
–– Institutional FrameworkInstitutional Framework

–– MonitoringMonitoring

–– Water TransfersWater Transfers

–– Public OutreachPublic Outreach

Ingredients for a Successful GMPIngredients for a Successful GMP

•• Sound Technical ProgramSound Technical Program
•• Functional Institutional StructureFunctional Institutional Structure
•• Ongoing FundingOngoing Funding

Institutional Structure forInstitutional Structure for
GMP ImplementationGMP Implementation

Board of SupervisorsBoard of Supervisors

Groundwater CommissionGroundwater Commission

TechnicalTechnical
Support TeamSupport Team
(DWR, County)(DWR, County)

AdministrativeAdministrative
SupportSupport

PublicPublic
OutreachOutreach

Roles of Groundwater CommissionRoles of Groundwater Commission

•• Forum for presenting and discussing Forum for presenting and discussing 
groundwater informationgroundwater information

•• Receive and address groundwater Receive and address groundwater 
concerns/issues concerns/issues 

•• Evaluate Water Supply Assessments and Evaluate Water Supply Assessments and 
development proposalsdevelopment proposals

•• Process proposals for outProcess proposals for out--ofof--county water county water 
transferstransfers

Forum for Groundwater InformationForum for Groundwater Information
MonitoringMonitoring

DataData
MonitoringMonitoring

NetworkNetwork

Technical SupportTechnical Support
TeamTeam

Public DisseminationPublic Dissemination
of Informationof Information

GroundwaterGroundwater
CommissionCommission

Data CompilationData Compilation
and Analysisand Analysis

Summary ofSummary of
Groundwater ConditionsGroundwater Conditions

in Relation to BMOsin Relation to BMOs

Reevaluation ofReevaluation of
Monitoring NetworkMonitoring Network

Guidance to Planning andGuidance to Planning and
Environmental HealthEnvironmental Health
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Receive and Address Groundwater Receive and Address Groundwater 
IssuesIssues

GroundwaterGroundwater
IssueIssue

Technical SupportTechnical Support
TeamTeam

GroundwaterGroundwater
CommissionCommission

ReviewReview
IssueIssue

ReevaluateReevaluate
Monitoring NetworkMonitoring Network

Assess Issue inAssess Issue in
Relation to BMOsRelation to BMOs

Options/RecommendationOptions/Recommendation
for Dismissal or Resolutionfor Dismissal or Resolution

DismissDismiss

Recommend ResolutionRecommend Resolution

Assist with MediationAssist with Mediation

DismissDismiss

Refer to Other ForumRefer to Other Forum

Process Water Transfer ProposalsProcess Water Transfer Proposals
Preparation of ProposalPreparation of Proposal

1. Notice1. Notice
of Intentof Intent

Technical SupportTechnical Support
TeamTeam

GroundwaterGroundwater
CommissionCommission

Recommended Input/Recommended Input/
Collaboration w/ TSTCollaboration w/ TST

2. Transfer Proposal2. Transfer Proposal

Transfer SponsorTransfer Sponsor

InitialInitial
ApprovalApproval

Assess Transfer Plan inAssess Transfer Plan in
Relation to BMOsRelation to BMOs

3. Proposal3. Proposal

Recommend InitialRecommend Initial
Approval of or RevisionsApproval of or Revisions

to Transfer Proposalto Transfer Proposal

Request RevisionsRequest Revisions
for Reconsiderationfor Reconsideration

Process Water Transfer ProposalsProcess Water Transfer Proposals
Acceptance of ProposalAcceptance of Proposal

4. CEQA Process4. CEQA Process

GroundwaterGroundwater
CommissionCommission

3. Proposal3. Proposal

Transfer SponsorTransfer Sponsor

5. Submit Proposal5. Submit Proposal

Technical SupportTechnical Support
TeamTeam

Confirm ComplianceConfirm Compliance
with GMP and BMOswith GMP and BMOs

Conditions for AcceptanceConditions for Acceptance
or Recommended Modificationsor Recommended Modifications

ConditionalConditional
AcceptanceAcceptance

6. Transfer6. Transfer
WaterWater

RequestRequest
ModificationsModifications

Process Water Transfer ProposalsProcess Water Transfer Proposals
Enforcement of ConditionsEnforcement of Conditions

GroundwaterGroundwater
CommissionCommission

6. Transfer6. Transfer
WaterWater

Transfer SponsorTransfer Sponsor

Monitoring DataMonitoring Data

Technical SupportTechnical Support
TeamTeam

Confirm ComplianceConfirm Compliance
with Transfer Conditionswith Transfer Conditions

GMP and BMOsGMP and BMOs

Recommend ModificationRecommend Modification
or Suspension of Transferor Suspension of Transfer

Out of ComplianceOut of Compliance

In ComplianceIn Compliance

Allow Transfer to Continue,Allow Transfer to Continue,
Require Modification,Require Modification,

or Require Suspensionor Require Suspension

7. Complete or7. Complete or
Discontinue Water TransferDiscontinue Water Transfer

Evaluate Development ProposalsEvaluate Development Proposals
DevelopmentDevelopment

ProposalProposal

Technical SupportTechnical Support
TeamTeam

Prepare SummaryPrepare Summary
and Guidanceand Guidance

GroundwaterGroundwater
CommissionCommission

Review Proposal inReview Proposal in
Relation to GroundwaterRelation to Groundwater

Conditions and BMOsConditions and BMOs

Review WaterReview Water
Supply AssessmentSupply Assessment

Planning/BuildingPlanning/Building
DepartmentDepartment

GuidanceGuidance
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Date: July 3, 2007 Job No.: 8300.001 
 
To: California Family Foods We are sending you: 
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Copies Description 
10 Colusa County Newsletter – Workshops on July 10 and July 11, 2007 
  

            
            
            
            
            
            
            
            
 

Comments: 
 
It would be appreciated if you would make this Newsletter available to the general public from your office, to 
assist Steve Hackney and Wood Rodgers in getting the word out to residents in the county regarding the 
upcoming workshops related to the Groundwater Management Plan. 
 
 
 

Letter of Transmittal 



Colusa County Planning & Building Dept.
220 - 12th Street

Colusa, CA  95932

  

  Provide Your Input

Colusa County has received grant funds from 
the California Department of Water Resources 
(DWR) to prepare a Groundwater Management 
Plan (GMP) and we need your input to formulate 
the plan. 

To Formulate a Groundwater Management 
Plan for Colusa County

Community workshops will be held
to provide an opportunity for the

public to participate

Community workshops will be held
to provide an opportunity for the

public to participate

Community WorkshopsCommunity Workshops
For Colusa County Residents

The grant funding provided by the DWR will facilitate the 
preparation of a GMP consistent with the provisions of the 
California Water Code 10750 et seq. To this end, on 
June 26, 2007, the Colusa County Board of Supervisors 
adopted a Resolution of Intent to prepare a GMP.

It is planned that during the course of formulating the GMP, 
three community workshops will be held to obtain input from 
residents in the County, and to share information compiled 
throughout the process. Each workshop will be presented at 
two different locations within the same week in an effort to 
provide the greatest opportunity for public participation.

Information will be presented on the work to be performed, 
the schedule for performing the work, and the public 
outreach program.  Background information will also be 
presented on geology and groundwater concepts.  Most 
important, however, is the input you provide. Opportunity 
will be provided for you to provide both verbal and written 
comments.

Dates:        July 10, 2007           July 11, 2007

Time:        7:00 - 9:00 p.m.           7:00 - 9:00 p.m.

Location:     Arbuckle/College           Maxwell Veterans Bldg.
        City Fire Hall           250 Oak Street
        506 Lucas St.                    Maxwell, CA 95955
        Arbuckle, CA 95912         

The first set of community workshops is 
scheduled as follows:



”

The management of 
water resources in 

California, both surface 
water and groundwater, 
is becoming increasingly 

important!

Attend the upcoming community workshops as noticed herein and plan to 
attend subsequent workshops as well.
Attend the upcoming community workshops as noticed herein and plan to 
attend subsequent workshops as well.

If you wish to speak to someone directly during the course 
of the plan formulation, please contact:

Ground Water 
Management Plan
Ground Water 
Management Plan

Mr. Steve Hackney
Colusa County, Director of Planning & Building
Tel: (530) 458-0480
Email: shackney@countyofcolusa.org

or

Mr. Fran Borcalli, Program Manager
Wood Rodgers, Inc.
Tel: (916) 326-5224
Email: fborcalli@woodrodgers.com

Please visit the County’s website that was developed on 
behalf of the County, and is being maintained for this
program by the Colusa County Farm Advisor’s Office at:
http://info.ucanr.org/colusa_water/index.htm

sample
pictureAs defined by the Department of Water 

Resources, Bulletin No. 118, a GMP provides 
for the following:

“The planned and coordinated management of 
a groundwater basin with a goal of long-term 
sustainability of the resource.”

Management requires an understanding of the 
resources. An important part of the plan will be 
identifying activities to be implemented to 
improve our overall understanding of the 
groundwater basins.  Additional outside funding 
will be required to implement the Action 
Program. The GMP will be a prerequisite to 
obtaining funding.

“

Confined and Unconfined Aquifers



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                
 

 
A newsletter from the University of California Cooperative Extension seeking to support wise and 

judicious use of limited water and land resources in the Northern Sacramento Valley. 
 

In This Issue 
 
 
 
 
 

1. Colusa County Groundwater Management planning underway 
2.  Public meetings scheduled for July 10 and 11, 2007 in Arbuckle 

and Maxwell  

Cooperative Extension, University of California 
 

Water & Land Resource Manager 
TEHAMA, GLENN, COLUSA, AND SHASTA COUNTIES 
1754 WALNUT ST, RED BLUFF, CA 96080 
(530)-527-3101     July 2007,  Vol. 8,  No. 2 

GROUNDWATER MANAGEMENT PLANNING UNDERWAY 
 

Colusa County initiated the process of preparing of a Groundwater Management Plan in February 
2007.  On June 26, 2007, the Colusa County Board of Supervisors adopted a formal resolution giving 
“Notice of Intent” to develop a Groundwater Management Plan for Colusa County.  This planning 
process is expected to continue through 2007 and conclude in the spring of 2008.  During this 
process, a draft plan will undergo public review and comment and then be considered for adoption by 
the Colusa County Board of Supervisors.  If adopted, the plan will serve as a long-term guide to 
manage the groundwater resources in Colusa County now and into the future. 
                                         
UPCOMING PUBLIC MEETINGS ON GROUNDWATER MANAGEMENT 
 

It is desired to develop a groundwater management plan that considers and reflects the interests of 
the citizen’s of Colusa County.  To achieve this, public meetings will be an important part of the 
planning process.  You are invited to attend the first round of public meetings concerning this 
groundwater management planning process.  The same meeting will be conducted on consecutive 
nights in two locations of Colusa County to facilitate public input.  
 

Public Meeting - Colusa County Groundwater Management Plan 
Date: Tuesday, July 10, 2007 
Time: 7:00 to 9:00 p.m. 
Location: Arbuckle/College City Fire Hall 
506 Lucas Street 
Arbuckle, CA 95912 

Public Meeting - Colusa County Groundwater Management Plan 
Date: Wednesday, July 11, 2007 
Time: 7:00 to 9:00 p.m. 
Location: Maxwell Veteran Building 
250 Oak Street 
Maxwell, CA 95955 
 

OVERSEEING THE PLANNING PROCESS 
A Groundwater Management Plan Team has been assembled to facilitate and document this planning 
process.  The team leaders consists of: 
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• Steven Hackney, Director of Planning & Building,  Colusa County Department of Planning and 
Building Administration, Colusa County.  Phone:  (530)-458-0480.  E-mail: 
shackney@countyofcolusa.org. 

• Francis Borcalli, Engineer.  Wood Rodgers, Sacramento, California.  Phone:(916)-326-5224.  E-mail:  
fborcalli@WoodRodgers.com 

 

W
  

HAT IS GROUNDWATER MANAGEMENT? 

Groundwater Management is the planned and coordinated management of a groundwater basin with 
a goal of long term sustainability of the resource.  Reasons for preparing and implementing a 
groundwater management plan include: 
 

 To be responsible stewards of the water resource in Colusa County; 
 To avoid creating adverse impacts that are irreversible or can not be mitigated; 
 To retain local control of water management decisions;  
 To protect necessary flows in streams and other surface waterways in the County; and 
 To be eligible for grant funds administered by the California Department of Water Resources 

to increase the understanding of the groundwater basin in Colusa County  
 

HOW TO STAY CURRENT ON GROUNDWATER MANAGEMENT PLANNING PROCESS? 
  

 Attend one of the two public meetings scheduled for July 10 or 11, 2007; 
 Watch for local media coverage; 
 Watch for related newsletters from the Colusa County Department of Planning and Building 

and from the University of California Cooperative Extension; 
 For more detailed information refer to the website: http://info.ucanr.org/colusa_water/index.htm  

mailto:shackney@countyofcolusa.org
mailto:fborcalli@WoodRodgers.com
http://info.ucanr.org/colusa_water/index.htm
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Community Workshop No. 1Community Workshop No. 1

July 10, 2007 July 10, 2007 –– ArbuckleArbuckle, CA, CA
July 11, 2007 July 11, 2007 –– Maxwell, CAMaxwell, CA

Colusa County
Groundwater Management Plan

Colusa CountyColusa County
Groundwater Management PlanGroundwater Management Plan

Colusa CountyColusa County
Steve Hackney, AICPSteve Hackney, AICP

Wood Rodgers, Inc.Wood Rodgers, Inc.
Fran Borcalli, PEFran Borcalli, PE

Kim VentonKim Venton

Community Workshop No. 1Community Workshop No. 1
July 10 & 11, 2007July 10 & 11, 2007

Colusa County
Groundwater Management Plan

Colusa CountyColusa County
Groundwater Management PlanGroundwater Management Plan

Workshop AgendaWorkshop Agenda

TimeTime Workshop ItemWorkshop Item

7:00 pm 7:00 pm –– 7:10 pm7:10 pm IntroductionsIntroductions

7:10 pm 7:10 pm –– 7:25 pm7:25 pm Groundwater Management Plan (GMP)Groundwater Management Plan (GMP)
What is a GMP ?What is a GMP ?
Why prepare a GMP ?Why prepare a GMP ?
Components of a GMP ?Components of a GMP ?
ScheduleSchedule
Public OutreachPublic Outreach

7:25 pm 7:25 pm –– 7:50 pm7:50 pm Groundwater OverviewGroundwater Overview

7:50 pm 7:50 pm –– 8:10 pm8:10 pm Public Input/Comment (Verbal)Public Input/Comment (Verbal)

8:10 pm 8:10 pm –– 8:40 pm8:40 pm Work Station Input/CommentWork Station Input/Comment

8:40 pm 8:40 pm –– 9:00 pm9:00 pm Summary/ClosingSummary/Closing

What is a Groundwater Management What is a Groundwater Management 
Plan?Plan?

•• The planned and coordinated management of The planned and coordinated management of 
a groundwater basin with a goal of longa groundwater basin with a goal of long--term term 
sustainability of the resourcesustainability of the resource

Source:  Bulletin 118 Source:  Bulletin 118 –– Update 2003, California Groundwater, California Department of Update 2003, California Groundwater, California Department of 
Water Resources.Water Resources.

Why Prepare a Groundwater Management Why Prepare a Groundwater Management 
Plan?Plan?

•• To be responsible stewards of the water resources of To be responsible stewards of the water resources of 
Colusa CountyColusa County

•• To avoid creating adverse impacts that are To avoid creating adverse impacts that are 
irreversible or cannot be mitigatedirreversible or cannot be mitigated

•• To be eligible for grant funding administered by DWR To be eligible for grant funding administered by DWR 
to increase the understanding of the groundwater to increase the understanding of the groundwater 
basins in Colusa Countybasins in Colusa County

•• To retain local control of water management To retain local control of water management 
decisionsdecisions

Source:  Bulletin 118 Source:  Bulletin 118 –– Update 2003, California Groundwater, California Department of WUpdate 2003, California Groundwater, California Department of Water Resources.ater Resources.

Components of aComponents of a
Groundwater Management PlanGroundwater Management Plan

•• Required ComponentsRequired Components
–– CWC 10750 CWC 10750 et seq.et seq.

•• Recommended ComponentsRecommended Components
–– DWR Bulletin No. 118DWR Bulletin No. 118

•• Voluntary ComponentsVoluntary Components
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Required Components of aRequired Components of a
Groundwater Management PlanGroundwater Management Plan

•• Provide documentation of public involvementProvide documentation of public involvement
•• Develop Basin Management Objectives (Develop Basin Management Objectives (BMOsBMOs))
•• Involve and work cooperatively with other agencies overlying Involve and work cooperatively with other agencies overlying 

the groundwater basinthe groundwater basin
•• Prepare a map showing:Prepare a map showing:

–– Groundwater basin (DWR Bulletin No. 118)Groundwater basin (DWR Bulletin No. 118)
–– Area subject to the planArea subject to the plan
–– Boundaries of other local agencies that overly the basinBoundaries of other local agencies that overly the basin

•• Adopt monitoring protocols to detect changes in:Adopt monitoring protocols to detect changes in:
–– Groundwater levels & qualityGroundwater levels & quality
–– Inelastic land subsidenceInelastic land subsidence
–– Flow and quality of surface water that affects groundwater levelFlow and quality of surface water that affects groundwater levels and s and 

qualityquality

Public Outreach ObjectivesPublic Outreach Objectives

•• Establish an open process to facilitate stakeholder Establish an open process to facilitate stakeholder 
inputinput

•• Provide information to facilitate stakeholder education Provide information to facilitate stakeholder education 
on material forming the basis of the GMPon material forming the basis of the GMP

•• Provide a framework by which stakeholders are kept Provide a framework by which stakeholders are kept 
informed of the process, issues, and potential informed of the process, issues, and potential 
solutionssolutions

•• Incorporate public comments throughout the Incorporate public comments throughout the 
decisiondecision--making processmaking process

Forums for Public InputForums for Public Input

•• Board of SupervisorsBoard of Supervisors
–– Informational Presentations (2)Informational Presentations (2)
–– Public Hearings (2)Public Hearings (2)

•• Groundwater Management CommissionGroundwater Management Commission
–– Informational Presentations (4)Informational Presentations (4)

•• Plan Advisory CommitteePlan Advisory Committee
–– Data and Information Review and Plan Formulation (10Data and Information Review and Plan Formulation (10--13)13)

•• Public MeetingsPublic Meetings
–– Workshops (2)Workshops (2)

•• WebsiteWebsite
–– http://http://info.ucanr.org/colusa_water/index.htminfo.ucanr.org/colusa_water/index.htm

ScheduleSchedule

Groundwater OverviewGroundwater Overview
Overview of Groundwater Conditions in Colusa Overview of Groundwater Conditions in Colusa 

CountyCounty

What is Groundwater?What is Groundwater?
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Surface Water vs. GroundwaterSurface Water vs. Groundwater

•• Surface WaterSurface Water

•• GroundwaterGroundwater

Surface WaterSurface Water

•• Flows across the ground surface in:Flows across the ground surface in:
–– Rivers & StreamsRivers & Streams
–– CanalsCanals

•• Can also be detained in:Can also be detained in:
–– LakesLakes
–– ReservoirsReservoirs

Tehama-Colusa Canal

Sacramento River

GroundwaterGroundwater

•• Exists beneath the ground surface in aquifersExists beneath the ground surface in aquifers

What is the subsurface made up of?What is the subsurface made up of?

•• Hard rockHard rock
–– Water exists in cracks or fracturesWater exists in cracks or fractures

•• Underground cavernsUnderground caverns
–– WaterWater--filled cavernsfilled caverns

•• Porous sedimentsPorous sediments
–– Water exists in the pore space of sedimentsWater exists in the pore space of sediments

Deposits in the Sacramento ValleyDeposits in the Sacramento Valley

•• In the Sacramento Valley, groundwater is in In the Sacramento Valley, groundwater is in 
porous sediments porous sediments –– layers of gravel, sand, silt layers of gravel, sand, silt 
and clayand clay

•• These layers are often These layers are often ““consolidatedconsolidated”” –– firmly firmly 
packed togetherpacked together

Example of Porous SedimentsExample of Porous Sediments

Source: USGS OF02-401
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Deposits in the Sacramento ValleyDeposits in the Sacramento Valley

•• The Sacramento Valley is a big trough (about The Sacramento Valley is a big trough (about 
25,000 feet deep) that is filled with sediment25,000 feet deep) that is filled with sediment

Coast Range 
Mountains

Sacramento 
Valley

Sierra Nevada 
Mountains

Deposits in the Sacramento ValleyDeposits in the Sacramento Valley

•• Most of the sediments in the valley contain salt Most of the sediments in the valley contain salt 
water; only the top 10% contains freshwaterwater; only the top 10% contains freshwater

Coast Range 
Mountains

Sacramento 
Valley

Sierra Nevada 
Mountains

Fresh Water SedimentsFresh Water Sediments

•• Within the fresh water sediments, there are Within the fresh water sediments, there are 
different aquifers that are separated by clay or different aquifers that are separated by clay or 
confining layersconfining layers

Unconfined

Confined

Unconfined

Confined

Unconfined

Confined
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Flowing Artesian Well Pumped Well

Unconfined

Confined

Flowing Artesian vs. Pumped WellsFlowing Artesian vs. Pumped Wells Groundwater RechargeGroundwater Recharge

Surface
Water

Rainfall

Applied Irrigation
Water

Simplified Geology of Colusa CountySimplified Geology of Colusa County Simplified Geologic Cross SectionSimplified Geologic Cross Section

Approximate Extent of Approximate Extent of TehamaTehama Fm.Fm. Pumping vs. RechargePumping vs. Recharge

•• How do we evaluate the balance between How do we evaluate the balance between 
pumping and recharge?pumping and recharge?

–– By measuring water levels on an ongoing basis By measuring water levels on an ongoing basis 
(hydrographs)(hydrographs)

–– The The ““sustainable yieldsustainable yield”” of a groundwater system of a groundwater system 
cannot be directly measured, and changes cannot be directly measured, and changes 
constantlyconstantly
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Introduction to HydrographsIntroduction to Hydrographs
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Pumping vs. RechargePumping vs. Recharge
•• Example 1 Example 1 –– Basically no pumping, recharge Basically no pumping, recharge 

exceeds pumpingexceeds pumping

Just northwest of Colusa, 274 feet deep.

18N/1W-35K1M
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Pumping vs. RechargePumping vs. Recharge
•• Example 2 Example 2 –– Recharge is approximately equal Recharge is approximately equal 

to pumpingto pumping
16N/2W-25B2M
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Just northwest of Colusa, 274 feet deep.

Pumping vs. RechargePumping vs. Recharge
•• Example 3 Example 3 –– Pumping exceeds recharge (Pumping exceeds recharge (’’5353--

’’67)67)
13N/2W-04G3M
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Just west of Arbuckle, 252 feet deep.

Pumping vs. RechargePumping vs. Recharge
•• Example 3 Example 3 –– Pumping approximately equal to Pumping approximately equal to 

recharge (recharge (’’6767--’’83)83)
13N/2W-04G3M
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Just west of Arbuckle, 252 feet deep.
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Pumping vs. RechargePumping vs. Recharge
•• Example 3 Example 3 –– Recharge exceeds pumping (Recharge exceeds pumping (’’8383--

’’06)06)
13N/2W-04G3M
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Just west of Arbuckle, 252 feet deep.

Water Quality Water Quality –– Specific ConductanceSpecific Conductance

Water Quality Water Quality –– BoronBoron Potential Adverse ImpactsPotential Adverse Impacts

•• Water levels go down to the point that pumps Water levels go down to the point that pumps 
get dewatered or wells go dryget dewatered or wells go dry

•• Well problems, in most cases, can be fixed by Well problems, in most cases, can be fixed by 
lowering pumps and/or deepening wells lowering pumps and/or deepening wells 

Potential Adverse ImpactsPotential Adverse Impacts Potential Adverse ImpactsPotential Adverse Impacts

•• Land subsidenceLand subsidence
–– Inelastic land subsidence is the Inelastic land subsidence is the 

permanent compaction of sediments permanent compaction of sediments 
and can affect:and can affect:
•• CanalsCanals
•• RoadsRoads
•• BridgesBridges
•• WellsWells
•• LeveesLevees

http://w ater.usgs.gov/ogw/pubs/fs00165/http://geochange.er.usgs.gov/sw/changes/anthropo
genic/subside/
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Potential Adverse ImpactsPotential Adverse Impacts

•• Water quality degradationWater quality degradation
–– Changes in water quality that can be irreversibleChanges in water quality that can be irreversible

•• Surface contaminationSurface contamination
•• Mixing aquifers of different water qualityMixing aquifers of different water quality

Public InputPublic InputPublic Input
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COLUSA COUNTY GROUNDWATER MANAGEMENT PLAN 
 

SUMMARY OF COMMUNITY WORKSHOP NO. 1 
ARBUCKLE, CA – JULY 10, 2007 
MAXWELL, CA – JULY 11, 2007 

 
 
Both meetings began with a PowerPoint slide presentation that summarized the process to 
prepare a groundwater management plan, and then presented an overview of groundwater 
conditions in Colusa County.  Attached is a copy of the PowerPoint presentation that was made 
by Wood Rodgers.  Below is a summary of public comments received at each meeting. 
 
Arbuckle – July 10, 2007 
 
 Comments Noted 
 

• Concern about what will happen if there is a drought, especially with change in crop 
patterns since the 1990’s (now there are more permanent crops and new vineyards).  
Because of this change, the historic water level record, which shows how water levels 
have responded to drought conditions in the past, is irrelevant. 

 
• Concern about outside interests “taking” water. 

 
• Concern about proposed landfill on recharge area of Tehama Formation. 
 
• In the Grimes area, 2-3 wells have been “lost” to salt water (300-400' deep).  The wells 

were located along sloughs.  Also, the cemetery north of town has high EC, and the town 
has high As. 

 
• In the Arbuckle area, there was a crop change in 1950’s and farmers when from dry 

farming to wells.  Because of water shortage, there was a USBR emergency plan that in 
1967 brought in water from the 2047 Drain (Colusa Basin Drain).  The water level record 
shows recovery when this water was brought in. 

 
Public Attendance 

 
 See attached attendance sheets from meeting. 
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Maxwell – July 11, 2007 
 
 Comments Noted: 
 

• Concern about retaining water rights and how the GMP will affect water rights. 
 
• Need to make a distinction between groundwater uses on property vs. other uses. 
 
• Concern about problems in the Tehama Formation outside of Colusa County, for example 

in Zamora – overdraft, subsidence. 
 
• Is this GMP part of an effort by the state to come in and “take” water? 
 
• Colusa County’s interests need to be represented outside the County. 

 
• There is salty water at approximately 400 feet in Delevan. 
 
• Concern regarding proposed landfill on Tehama Formation recharge area. 
 
• Who is driving the GMP? 

 
• How is the management going to work? 
 
• Should we model to predict what will happen going forward? 
 
• Need to consider that energy costs have led to well shutdown.  Diesel costs have made 

groundwater pumping prohibitively expensive in some cases. 
 

• Where are the big pumpers in the County?  Why are they not involved in the GMP 
process? 

 
• Will there be a tax to keep this going? 
 
• Concern about mandate without money. 
 
• Support for County constructing nested monitoring well(s) downstream of proposed 

landfill for independent monitoring. 
 

Public Attendance 
 
 See attached attendance sheets from meeting. 
 



Arbuckle Meeting Notes 
 
 
 

 Grimes area – lost 2-3 wells to salt water (3-400' deep) also on sloughs  
 

 Cemetery N. of town has high EC town has high AS 
 

 Arbuckle crop change in '50’s from dry farming to wells – USBR emergency plan 2047 
Colusa basin drain 

 
Maxwell Meeting Notes 
 
 
 

 Concern about water rights  
 

 Use on property vs. other uses 
 

 Problems in Tehama 
• Overdraft 
• Subsidence 
 

 Will the State come in and “take” water? 
 

 Colusa County representation outside County  
 

 Salty water @ 400' in Delevan 
 

 Landfill on recharge area 
 

 Who is driving the Plan? 
 

 How is the management going to work? 
 

 Should we model to predict what will happen going forward 
 

 Energy costs have led to well shutdown – Diesel costs 
 

 Where are the big pumpers? 
 

 Will there be a tax to keep this going 
 

 Concern about mandate without money 
 

 Nested MW downstream of proposed landfill  



Stonyford Meeting Notes 
 
 
 

 Moratorium on drilling – are we aware of any? 

 How many wells are there and how deep are they? 

 Surface water/groundwater rights 

 Any geologic studies to see if there is a water shortage? 

 Is direct injection possible?  

 Lake nearby, it is ironic that we cannot use it. 

 What do all these goals mean? 

 How does this differ from the current process? 

 Angle Decree – 40 af/yr limit 

 More bureaucracy? 

 Water management plan provides framework. 

 Limit well use – only solution for limited resources? 

 



























PUBLIC WORKSHOP 
   

 
 

GROUNDWATER  
MANAGEMENT PLAN 

 
 
 

December 6, 2007 
At 6:00 – 7:30 p.m. 
Stonyford Town Hall 

257 Market Street 
Stonyford, CA 

 
 

   
 

YOUR INPUT IS REQUESTED 
 

Colusa County has received grant funds to prepare a Groundwater 
Management Plan (GMP).  The purpose of the GMP is “to provide for the 
planned and coordinated management of a groundwater basin with a goal 
of long-term sustainability of the resource.”  A Community Workshop is 

being held to obtain input from Stonyford area residents, and to share 
information on the GMP process. 

 
Steve Hackney 
Director of Planning & Building, Colusa County 
(530) 458-0480   shackney@countyofcolusa.org 

 

Stay informed of the GMP and provide your input! 
Please attend the community workshop. 
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Stonyford Community
Workshop

December 6, 2007

StonyfordStonyford CommunityCommunity
WorkshopWorkshop

December 6, 2007December 6, 2007

Colusa County
Groundwater Management Plan

Colusa County
Groundwater Management Plan

Colusa County
Groundwater Management Plan

Colusa County
Groundwater Management Plan

Wood Rodgers, Inc.
Kim Venton

Larry Ernst, PG, CEG, CHG

Colusa County
Steve Hackney, AICP

Meeting OutlineMeeting Outline

►Background of GMP
►Overview of Groundwater Concepts
►Why is the GMP important for 

Stonyford?
►Draft GMP Goals and BMOs
►Discussion

►Background of GMP
►Overview of Groundwater Concepts
►Why is the GMP important for 

Stonyford?
►Draft GMP Goals and BMOs
►Discussion

Colusa County Groundwater 
Management Plan

Colusa County Groundwater 
Management Plan

► Groundwater Management – The planned and 
coordinated management of a groundwater basin 
with a goal of long-term sustainability of the 
resource.

► Basin Management Objectives – Objectives that set 
forth the priorities and measurable criteria of local 
groundwater basin management.

Source:  Bulletin 118 – Update 2003, California Groundwater, California Department of Water Resources.

► Groundwater Management – The planned and 
coordinated management of a groundwater basin 
with a goal of long-term sustainability of the 
resource.

► Basin Management Objectives – Objectives that set 
forth the priorities and measurable criteria of local 
groundwater basin management.

Source:  Bulletin 118 – Update 2003, California Groundwater, California Department of Water Resources.

Why Prepare a Groundwater 
Management Plan?

Why Prepare a Groundwater 
Management Plan?

► To be responsible stewards of the water 
resources of Colusa County

► To avoid creating adverse impacts that are 
irreversible or cannot be mitigated

► To be eligible for grant funding administered 
by DWR to increase the understanding of 
the groundwater basins in Colusa County

► To retain local control of water management 
decisions

Source:  Bulletin 118 – Update 2003, California Groundwater, California Department of Water Resources.

► To be responsible stewards of the water 
resources of Colusa County

► To avoid creating adverse impacts that are 
irreversible or cannot be mitigated

► To be eligible for grant funding administered 
by DWR to increase the understanding of 
the groundwater basins in Colusa County

► To retain local control of water management 
decisions

Source:  Bulletin 118 – Update 2003, California Groundwater, California Department of Water Resources.

Who is preparing and paying for the 
Groundwater Management Plan?

Who is preparing and paying for the 
Groundwater Management Plan?

► Prepared by Colusa County (Wood Rodgers 
is the County’s consultant) with input from 
the Plan Advisory Committee and the public

► Funded by DWR to help Colusa County 
“catch up” with other counties

► Must comply with requirements of Water 
Code - within those requirements, content is 
up to the county

► Prepared by Colusa County (Wood Rodgers 
is the County’s consultant) with input from 
the Plan Advisory Committee and the public

► Funded by DWR to help Colusa County 
“catch up” with other counties

► Must comply with requirements of Water 
Code - within those requirements, content is 
up to the county
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GMP Activities to DateGMP Activities to Date
Meeting Date Purpose
Groundwater Commission 1/17 Review/Approve Outreach Plan
Board of Supervisors 2/6 Approve Outreach Plan
Public Advisory Meeting #1 3/14 Introduce GMP Process
Public Advisory Meeting #2 4/18 Present/Review Technical Data 

and Receive Input
Public Advisory Meeting #3 5/16 ‘’
Public Advisory Meeting #4 6/20 ‘’
Board of Supervisors 6/26 Adopt Resolution of Intent

(Public Hearing) to Prepare a GMP
Community Workshop #1 Present GMP-Related 

Arbuckle 7/10 Information and Receive Input
Maxwell 7/11 ‘’

Public Advisory Meeting # 5 8/15 ‘’
Public Advisory Meeting # 6 10/17 ‘’

Website: http://colusagroundwater.ucdavis.edu

Meeting Date Purpose
Groundwater Commission 1/17 Review/Approve Outreach Plan
Board of Supervisors 2/6 Approve Outreach Plan
Public Advisory Meeting #1 3/14 Introduce GMP Process
Public Advisory Meeting #2 4/18 Present/Review Technical Data 

and Receive Input
Public Advisory Meeting #3 5/16 ‘’
Public Advisory Meeting #4 6/20 ‘’
Board of Supervisors 6/26 Adopt Resolution of Intent

(Public Hearing) to Prepare a GMP
Community Workshop #1 Present GMP-Related 

Arbuckle 7/10 Information and Receive Input
Maxwell 7/11 ‘’

Public Advisory Meeting # 5 8/15 ‘’
Public Advisory Meeting # 6 10/17 ‘’

Website: http://colusagroundwater.ucdavis.edu

GMP Completion ScheduleGMP Completion Schedule
Date/Period Activity
12/19/2007 Public Advisory Meeting #7
1/7/2008-1/21/2008 Administrative Review Draft (Review/Comment)
2/11/2008 Public Review Draft Release
2/26/2008 & 2/28/2008 Community Workshop
3/21/2008 Public Review Comments Due
4/1/2008-4/21/2008 Finalize GMP
5/2008-6/2008 Groundwater Commission and Board of 

Supervisors Meeting and Public Hearing

Following GMP Adoption – Modify Colusa County Groundwater 
Ordinance

Date/Period Activity
12/19/2007 Public Advisory Meeting #7
1/7/2008-1/21/2008 Administrative Review Draft (Review/Comment)
2/11/2008 Public Review Draft Release
2/26/2008 & 2/28/2008 Community Workshop
3/21/2008 Public Review Comments Due
4/1/2008-4/21/2008 Finalize GMP
5/2008-6/2008 Groundwater Commission and Board of 

Supervisors Meeting and Public Hearing

Following GMP Adoption – Modify Colusa County Groundwater 
Ordinance

Hydrogeologic Setting of StonyfordHydrogeologic Setting of Stonyford Hydrogeologic Setting of StonyfordHydrogeologic Setting of Stonyford

Stonyford Town Area
Groundwater Basin

East Park
Reservoir

What is groundwater?What is groundwater?

►Groundwater is water that is under 
ground & below the water table

►Surface water is water that flows 
across the ground surface

►Groundwater is water that is under 
ground & below the water table

►Surface water is water that flows 
across the ground surface

What is groundwater?What is groundwater?

►Surface Water►Surface Water

►Groundwater►Groundwater
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What is the subsurface made up of?What is the subsurface made up of?

►Hard rock
– Water exists in cracks or fractures

►Underground caverns
– Water-filled caverns

►Porous sediments
– Water exists in the pore space of 

sediments

►Hard rock
– Water exists in cracks or fractures

►Underground caverns
– Water-filled caverns

►Porous sediments
– Water exists in the pore space of 

sediments

What is the subsurface made up of?What is the subsurface made up of?

► In the Stonyford area, groundwater is:
– In the pore space of sediments (gravel, 

sand, silt and clay) that are beneath the 
valley floor

– In cracks and fractures in hard rock 
surrounding the valley and below the 
sediments in the valley

► In the Stonyford area, groundwater is:
– In the pore space of sediments (gravel, 

sand, silt and clay) that are beneath the 
valley floor

– In cracks and fractures in hard rock 
surrounding the valley and below the 
sediments in the valley

Example of Porous SedimentsExample of Porous Sediments

Source: USGS OF02-401

Typical Coast Range ValleyTypical Coast Range Valley

Marine Sediments
(Hard Rock)

Freshwater Sediments
(Sand, Gravel, Clay)

Typical Coast Range ValleyTypical Coast Range Valley

Unflushed
(Brackish/Saltwater)

Flushed
(Freshwater)

Freshwater

Why are some wells salty?Why are some wells salty?

Freshwater
Well Brackish/Saltwater

Well
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Why is the GMP important for 
Stonyford?

Why is the GMP important for 
Stonyford?

► With a limited groundwater supply, 
problems can occur more quickly

► Long-term planning to ensure a reliable 
supply now and in the future

► Optimize the joint (conjunctive) use of 
groundwater and surface water

► Coordination with other counties (Glenn)
► Coordination with Planning/Building
► Eligibility to apply for funding for 

groundwater studies

► With a limited groundwater supply, 
problems can occur more quickly

► Long-term planning to ensure a reliable 
supply now and in the future

► Optimize the joint (conjunctive) use of 
groundwater and surface water

► Coordination with other counties (Glenn)
► Coordination with Planning/Building
► Eligibility to apply for funding for 

groundwater studies

Draft GMP GoalsDraft GMP Goals

►Ensure a Reliable Water Supply
►Protect Surface Water Rights
►Maintain Local Control
►Prevent Unnecessary Restrictions on 

Groundwater Use

►Ensure a Reliable Water Supply
►Protect Surface Water Rights
►Maintain Local Control
►Prevent Unnecessary Restrictions on 

Groundwater Use

►Significant declines in groundwater levels or 
degradation of water quality

►Inelastic land subsidence
►Significant adverse impacts on surface water 

and/or wetlands
►Limited ability to use groundwater
►Damage to infrastructure
►Increased pumping costs 

Potential “Adverse Impacts” Draft BMOsDraft BMOs
►Coordinate Local and Regional 

Groundwater Management
►Ensure Long-Term Groundwater 

Sustainability
►Optimize Conjunctive Use of Surface 

Water and Groundwater
►Protect Against and Mitigate Adverse 

Impacts from Pumping
►Maintain or Improve Groundwater 

Quality

►Coordinate Local and Regional 
Groundwater Management

►Ensure Long-Term Groundwater 
Sustainability

►Optimize Conjunctive Use of Surface 
Water and Groundwater

►Protect Against and Mitigate Adverse 
Impacts from Pumping

►Maintain or Improve Groundwater 
Quality
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COLUSA COUNTY GROUNDWATER MANAGEMENT PLAN 
 

PUBLIC OPINION SURVEY 
 

Colusa County has been involved in preparing a Groundwater Management Plan (GMP).  During 
the course of preparing the GMP, the County and its consultants had meetings with a Plan 
Advisory Committee and conducted public meetings in Arbuckle, Maxwell, and Stonyford to 
receive input on water management in the County.  This Public Opinion Survey is being sent to 
you, in the interest of hearing from a broader representation of the people in the County. 
 
The County would appreciate feedback that you can provide by filling out this survey and 
returning it to the County by March 24, 2008. 
 
Please send your completed survey (self-addressed envelope enclosed) to: 
 
Mr. Stephen Hackney, AICP 
Director of Planning and Building 
Colusa County 
220 - 12th Street 
Colusa, CA 95932 
 

 
 
Please provide any information that you would like to have included with your responses.  
All of this information is optional. 
 

Name:               
Address:               

City or Community:              
Approximate Number of Acres Owned:           

Crops Grown:              

 
 

 
Please complete the following survey.  You do not need to complete every item for your 
survey to count! 
 
1. So that we can summarize the results of this survey, please circle all that apply to you: 

a. My land is in a water district. 
b. My land is outside a water district. 

c. I only use surface water. 
d. I only use groundwater. 

e. I use both surface water and groundwater. 
f. I use water to irrigate crops

2. If you have had any problems with groundwater and/or your well(s), please circle all that 
apply: 

a. I have not had any problems. 

b. Well or equipment failure. 

c. Low groundwater levels (pump sucks air). 
d. High groundwater levels (ground saturation). 

e. Poor water quality. 
f. Sand or sediment in my well/water. 

g. Other              
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3. The following are example goals and objectives of groundwater management.  Please circle 
any that you think are important, cross out any that you strongly disagree with, and add any 
others that you think are important. 
a. Ensure a reliable water supply. 

b. Protect surface water rights. 
c. Maintain local control. 

d. Prevent unnecessary restrictions on groundwater use. 
e. Coordinate local and regional groundwater management. 

f. Ensure long-term groundwater sustainability. 
g. Optimize conjunctive use of groundwater and surface water. 

h. Protect against and mitigate adverse impacts from groundwater pumping. 
i. Maintain or improve groundwater quality. 

j.              
k.              

l.              
4. The following are examples of potential adverse impacts from groundwater pumping.  

Please circle any that you think are important to avoid, cross out any that you strongly 
disagree with, and add any others that you think are important. 

a. Significant declines in groundwater levels or degradation of water quality. 
b. Inelastic (irreversible) land subsidence. 

c. Significant adverse impacts on surface water and/or wetlands. 
d. Limited ability to use groundwater. 

e. Damage to infrastructure. 
f. Increased pumping costs. 

g.               
h.              

i.              

5. Assuming all in-county water needs have been met, and potential adverse impacts were 
avoided or mitigated, would you support or oppose voluntary out-of-county water transfers 
and/or sales?  Please circle one. 

a. Support. 
b. Oppose. 

c. Undecided / depends on circumstances. 
6. Should the County require permits for and/or tax out-of-county water transfers and/or sales?  

Please circle any that you agree with and cross out any you strongly disagree with. 
a. Permits should be required. 

b. Permits should not be required. 

c. The County should tax out-of-county water transfers. 

d. The County should not tax out-of-county water transfers. 
e. Undecided / depends on circumstances. 

7. Please provide any comments or suggestions in the space below (or attach them): 
               

              
              

 

Thank you for participating in this survey! 
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1. INTRODUCTION 

 
As a component of the Colusa County Groundwater Management Plan (GWMP), this Technical 

Memorandum provides a discussion of the water supply in Colusa County and its overall use 

within the County for each water purveyor, wildlife refuge, and non-organized area (NOA).  A 

NOA, as used in this document, refers to land within the valley that is irrigated; however, it is 

within the service area of a special district, incorporated city, a federally-managed wildlife area, 

or a public utilities district. 

 

Agriculture is the single largest industry in Colusa County and is sustained by a substantial 

surface water supply that is available by virtue of foresight, determination, and financial 

investment made by its citizens.  Groundwater resources have been used to a much lesser extent; 

however, during dry periods when surface water supplies are reduced groundwater is used to a 

much greater extent.  The extent to which groundwater resources can be used on a sustainable 

basis is not known at this time. 

 

This Technical Memorandum looks at water use and supply in Colusa County by: 

• Examining land use and changes therein. 

 

• Characterizing water supply by use of water contracts and water source distribution. 

 

• Estimating applied water and consumptive use for 2003 land use, as well as for wet, 

average, and dry years using the crop coefficients of the California Department of 

Water Resources (DWR) Northern District. 

 

Presented in Appendix A is a summary for each water management entity or area in Colusa 

County. 
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2. LAND USE 
 
According to DWR’s 2003 land use survey, Colusa County covers approximately 740,000 acres.  
Nearly 400,000 acres are located in the east portion of the County, in the Sacramento River 
Valley, and are used for irrigated agricultural production (DWR, 2003a).  The land under 
irrigation in Colusa County is a complex mix of organized water purveyors, NOAs, and areas 
within National Wildlife Refuges (Map 1).  Each of these categories is addressed in this section 
and the water purveyors are further organized by primary surface water source. 
 

Water Management Entities or Areas 
 

Water Purveyors 

 

There are 24 primary water purveyors that provide water to constituents in Colusa County.  

These water purveyors represent water districts, irrigation districts, reclamation districts, mutual 

water companies, public utility districts, and incorporated cities.  There are six water purveyors 

that provide water service in Colusa and Glenn Counties.  These include: 

• Glenn-Colusa Irrigation District (GCID) 

• Princeton-Codora-Glenn Irrigation District 

• Provident Irrigation District 

• Reclamation District No. 1004 

• Willow Creek Mutual Water Company 

• Stony Creek Water District (not located within the Sacramento Valley area of Colusa 

County) 

 

There are three water purveyors that provide water service in Colusa and Yolo Counties.  These 

include: 

• Reclamation District No. 108 

• Colusa County Water District 

• Colusa Drain Mutual Water Company 
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The land area contained within the boundaries of the respective water purveyors is presented in 

Table 2.1.  Land within the boundaries of the water purveyors represents 76 percent of the land 

where water supplies are managed for beneficial uses in the valley portion of the County.  Land 

use data for 2003 is provided in Table 2.2.  Rice is the dominant crop in Colusa County. 

 

Non-Organized Areas 

 

The NOAs largely consist of land outside the boundaries of established water purveyors.  The 

majority of land is privately-owned and tribal land.  The land is irrigated primarily with surface 

water that is made available through contracts with the U.S. Bureau of Reclamation (USBR), 

water rights to the Sacramento River and Colusa Basin Drain, and groundwater.  For purposes of 

this Technical Memorandum, the land was grouped into six non-organized areas (NOA-1 

through NOA-6).  Small fragmented areas of land were, for convenience, included as part of an 

adjacent or nearby water purveyor.  As presented in Table 2.1, the NOAs represent 21 percent of 

the land where water supplies are managed for beneficial uses in the valley portion of the 

County. 

 

National Wildlife Refuges 

 

There are three National Wildlife Refuges that are entirely or partially located within Colusa 

County.  The Sacramento National Wildlife Refuge is in both Colusa and Glenn Counties, 

whereas the Delevan and Colusa National Wildlife Refuges are entirely within Colusa County.  

The land that comprises the respective National Wildlife areas is presented in Table 2.1 and 

shown on Map 2.  The wildlife refuge areas represent three percent of the land where water is 

managed for beneficial uses in the valley portion of the County. 
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Land Use Survey Data 
 

Each year, DWR performs detailed agricultural land use surveys within a few counties with the 

intent of performing a land use survey of each county in five-year intervals (DWR, 2007b).  The 

land use surveys are performed using various types of imagery such as aerial photos, which are 

scanned and rectified, and satellite imagery.  These images are used to help identify boundaries 

for use in field verification.  DWR staff visit and visually identify land uses on over 95 percent 

of the developed portions of the survey area (DWR, 2007b).  This data is digitized to develop the 

final Geographic Information System (GIS) shapefiles to document land use (DWR, 2007b). 

 

In the past, DWR accounted for land area, such as roads inside agricultural lands, ditches, and 

levees, by applying a percentage to the surveyed agricultural land.  Due to increased resolution in 

the land use surveys, DWR now groups these areas into a subcategory of the ‘Urban Vacant’ 

category.   This is also true for native vegetation and water, which are now further organized into 

subcategories. 

 

Presented on Table 2.2 is the land use for the most recent data, which is 2003.  As noted in the 

Introduction, 2003 data will be used as the basis for showing comparative water use under wet, 

average, and dry hydrologic conditions. 

 

Land use survey data is available for Colusa County for 1993, 1998, and 2003.  For comparative 

purposes, the land use data for 1993, 1998, and 2003 is presented in Table 2.3 and shown on 

Maps 3, 4, and 5, respectively.  The land use data for 2003 is also presented in Table 2.4 

according to water purveyor, NOA, and wildlife refuge for the predominant crops. 

 

Land Use Survey Results 
 

Based upon the tabulation of the land use survey results presented in Tables 2.2, 2.3, and 2.4, and 

shown on Maps 3, 4, 5, 6, 7, and 8, respectively, the following trends are noted: 

Agriculture 



COLUSA COUNTY GROUNDWATER MANAGEMENT PLAN 
TECHNICAL MEMORANDUM – WATER USE AND SUPPLY 
 
 

March 2008  5 

• Rice is the dominant crop in Colusa County and comprises over 30 percent of the 

total irrigated land use.  The total acreage devoted to rice increased from 1993 to 

2003. 

 

• Other predominant crops in Colusa County, greater than 5 percent of the total 

irrigated land, include almonds, grain, and tomatoes, which represent 

approximately 30 percent of the total irrigated land. 

 

• Between 1993 and 2003, the greatest land use change was in permanent crops, 

which increased by over 30 percent, while the non-permanent crops decreased by 

10 percent over the same period. 

 

Urban 

• From 1993 to 2003, the urban areas within the City of Colusa and the Towns of 

Arbuckle and Williams, collectively, increased by approximately 20 percent 

(Map 7). 

 

Water Management Entities/Areas 

• The Glenn-Colusa Irrigation District is the largest water purveyor in the 

Sacramento River service area and also contains the largest area of rice. 

 

• The largest plantings of almonds are within the Colusa County Water District and 

the Westside Water District, both of which are served by supplemental surface 

water supplies from the Tehama-Colusa Canal. 

 

• The Colusa County Water District is the largest water purveyor in the Tehama-

Colusa Canal service area and is predominantly almonds. 
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• NOA-1 through NOA-6, which represents approximately 20 percent of the 

agricultural land in Colusa County, is comprised of predominantly non-permanent 

crops, such as grain and rice. 

 

• The majority of land in Colusa County, regarded as suitable for irrigated 

agriculture, is developed (Map 8). 
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3. WATER SUPPLY 
 

Runoff from the foothills along the western portion of the Sacramento Valley, which is not 

diverted under existing water rights, generally flows into the Colusa Basin Drain.  During high 

runoff events some water may enter the Tehama-Colusa Canal and the GCID Canal; however, 

these would be unusual events and irrelevant to an irrigation water supply.  Water is diverted to 

the GCID Canal from the Sacramento River at the Hamilton City Pump Station, located 

approximately 100 miles north of Sacramento.  Water is diverted from the Sacramento River to 

the Tehama-Colusa Canal at USBR’s Red Bluff Diversion Dam.  Numerous other diversions are 

made directly from the Sacramento River to provide irrigation water in Colusa County.  The 

Colusa Basin Drain conveys runoff and agricultural return flow from over one million acres of 

watershed and discharges into the Sacramento River at Knights Landing.  It is the largest source 

of agricultural return flow to the Sacramento River (DWR, 2007d).  Groundwater is the primary 

source of drinking water in Colusa County, but is also utilized by water users to supplement 

irrigation water supplies. 

 

Colusa County overlies portions of two subbasins of the Sacramento Valley Groundwater Basin:  

the Colusa and West Butte Subbasins.  The Colusa Subbasin underlies the entire valley portion 

of Colusa County west of the Sacramento River, and also extends into Yolo, Glenn, and Tehama 

Counties.  The West Butte Subbasin underlies the portion of Colusa County east of the 

Sacramento River, and extends into Glenn and Butte Counties.  Little is known about the extent 

of the usable groundwater in Colusa County.  For this Technical Memorandum, the available 

water supply for Colusa County was determined by the surface water available through water 

rights and contracts.  The distribution of surface water using DWR’s land use survey data for 

1993 and 2003 was also examined, which includes water source attributes associated with each 

acre of land; and DWR’s water supply index to indicate the differences in water supply needs 

under differing hydrologic conditions. 
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Water Rights and Water Supply Contracts 
 

This section addresses surface water rights as a provision of water supply available to Colusa 

County, and surface water entitlements, including Sacramento River Settlement Contracts and 

Long-Term Renewal Contracts, which were renegotiated in 2005 between water purveyors and 

USBR for the Central Valley Project (CVP).  This section also provides a brief summary of 

groundwater rights as they relate to groundwater management in Colusa County. 

 

Surface Water Rights 

 

The two categories of surface water rights in California are ‘riparian’ and ‘appropriative.’  A 

riparian water right is a right to use the natural flow of water on riparian land, which is land that 

abuts a lake, river, stream, or creek.  Appropriative water rights are granted by permit from the 

State Water Resources Control Board (SWRCB) and must be for “reasonable and beneficial 

use.”  In 1914, the state began to regulate its appropriations of water.  An appropriative water 

right that was acquired before 1914 is called a pre-1914 appropriative water right.  Under a pre-

1914 right, a water right permit is not required unless the water use has increased since 1914.  

Post-1914 appropriative water rights are subject to an administrative process that issues water 

rights permits and licenses.  Water users obtain present-day appropriative rights by applying to 

the SWRCB (SWRCB, 2007).  Any water that is diverted and stored for more than 30 days must 

have a permit issued by the SWRCB. 

 

According to records maintained by the SWRCB, there are nearly 400 surface water right filings 

for users in Colusa County, as well as surrounding counties.  The permitted, licensed, or certified 

appropriative water rights on file for Colusa County, with some overlap in adjoining counties, is 

approximately 409,000 acre-feet.  These include the Sacramento River, the Colusa Basin Drain, 

and smaller streams in Colusa County (SWRCB, 2007).  Most, but not all, of the water rights 

holders in Colusa County have contracts with the USBR for access to Central Valley Project 

(CVP) project water.  To estimate water supply, water rights holders with contracts with the 

USBR are considered the primary surface water users in Colusa County. 
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With respect to surface water, it is important to note that the SWRCB issued a series of orders 

and actions to protect beneficial uses of water in the Bay-Delta Estuary against the adverse effect 

of upstream water diversions.  As part of the phases of the Bay-Delta Water Rights Hearings, 

several water purveyors in Colusa County are party to an agreement that provides for 

implementing projects to produce 185,000 acre-feet of water that otherwise would not be 

available in the Sacramento River.  This is noted here to highlight the fact that water rights will 

continue to be challenged and points to the need for water management to be proactive to 

understand and demonstrate sound management of the water resources available to Colusa 

County for the benefit of local, regional, and statewide interests. 

 

Sacramento River Settlement Contracts 

During construction of the CVP in the 1930s, the USBR entered into Sacramento River 

Settlement Contracts with existing riparian and appropriative water rights holders.  Water users 

with water rights that divert directly from the Sacramento River operate under the Sacramento 

River Settlement Contracts with the USBR, supplying water to their respective water districts or 

privately-owned farms.  These Sacramento River Settlement Contractors all have water rights 

that existed before or independent of the CVP, which include pre-1914 water rights and post-

1914 appropriative water rights licenses (NCWA, 2007).  In 2005, the USBR completed 

negotiations to renew approximately 145 existing Sacramento River Settlement Contracts, 

including several within Colusa County (USBR, 2007a).  The settlement contracts include 

approximately seven million acre-feet of water and cover approximately 440,000 acres of land 

bordering the Sacramento River and its tributaries between Redding and Sacramento 

(Reclamation, 2007a).  It is important to note that the settlement contracts establish water 

diversion limits for April through October.  During November and December, water is diverted 

under separate water rights contracts. 

 

The 2005 Sacramento River Settlement Contracts were renewed for 40 years with expiration to 

occur in 2045.  Entities with Sacramento River Settlement Contracts in Colusa County and their 

respective contract amounts are presented in Table 3.1 and shown on Map 9. 
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Long-Term Renewal Contracts 

Between 1964 and 1977, the U.S. government entered into long-term CVP water service and 

repayment contracts in the Corning Canal and Tehama-Colusa Canal units (NCWA, 2007).  The 

contracts were issued to prompt farmers in the Sacramento Valley to join in the CVP and make 

use of the project water (NCWA, 2007).  Since 1995, when the contracts were set to expire, the 

contractors received CVP water under interim renewal contracts, which range in term from nine 

months to three years (NCWA, 2007).  Unlike the Sacramento River Settlement Contracts, these 

long-term renewal contracts have several provisions that make water use and management 

somewhat problematic.  A major difference is that under severe hydrologic conditions, the water 

supplies can be cut back to zero.  The contracts are renewed for a period of 25 years with 

expiration in 2030 for agriculture and up to 40 years, or 2045, for water used for municipal 

purposes.  The contracts can be renewed for successive 40-year periods.  Table 3.2 presents a list 

of the Long-Term Renewal Contractors in Colusa County and their respective contract amounts. 

 

These contracts have a tiered pricing provision, with rates escalating for Tier 2 (80-90% of the 

contract amount) and Tier 3 (90-100% contract amount).  They have specific provisions for the 

sale, transfer, or exchange of water not found in the settlement contracts.  The total contract 

water under the CVP water service contracts in Colusa County is approximately 235,000 acre-

feet; 20 percent of that total is part of the Tier 1 and Tier 2 pricing components, 10 percent each 

(Table 3.2).  These pricing components are established so water users must pay extra to use 

water above their base water allocation.  As a result of this pricing mechanism, water users will 

generally use groundwater to avoid paying the prices established for water in the Tier 1 and 

Tier 2 levels.  As a consequence, nearly 15,000 acre-feet of water available to the County is not 

used. 
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Groundwater Rights 

 

Groundwater rights in California fall into three categories:  overlying, appropriative, and 

prescriptive.  Overlying rights give the owners of land overlying a groundwater basin the right to 

use groundwater on those lands (Littleworth, et al., 2007).  It is important to note that the rights 

of an overlying landowner to groundwater use are in no way changed by virtue of the landowner 

having access to a surface water supply.  Like riparian surface water rights, overlying rights are 

not typically quantified and have a higher priority than other groundwater rights (Littleworth, 

et al., 2007).  Unlike appropriative rights for use of surface water, there is no formal regulatory 

permitting process for appropriative use of groundwater in California. 

 

There is no mandatory statute in California for groundwater management and the state policy for 

groundwater emphasizes local management (DWR, 1997).  As outlined in the General 

Ordinances of Colusa County, Chapter 43, Sections 1-17, Colusa County does not regulate the 

supply of groundwater users beyond the permitting process required for groundwater transfers 

outside of Colusa County boundaries (Colusa County, 1998).  The ordinance defines the transfer 

of surface water coupled with a groundwater substitution component, as a groundwater transfer. 

 

Historical Surface Water Diversions 

 

The USBR maintains records each year of Sacramento River water deliveries.  Reported annual 

deliveries from 1998 to 2003 are presented in Table 3.3.  As noted previously, several water 

purveyors serve land in multiple counties.  Accordingly, there is not a way within the scope of 

this Technical Memorandum to quantify the amount diverted to Colusa County.  Total annual 

County diversions in the six-year span ranged from one to 1.24 million acre-feet.  Diversions to 

the Sacramento River service area ranged from approximately 991,000 to 1.15 million acre-feet.  

Annual diversions to the Tehama-Colusa Canal service area in that six-year span ranged from 

76,000 to 98,000 acre-feet, which amounts to 40 to 50 percent of the base allocation.  In dry 

years, the U.S. Bureau of Reclamation may reduce the allocation under the terms of the 
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agreements; however, in 1998 and 1999, which were regarded as wet years, only 40 to 

50 percent of the base allocation was used. 

 

Water Source Distribution 

 

In 2003, approximately 74 percent of the water used in Colusa County was surface water 

(Table 3.4, Table 3.5, and Figure 3.1), and 10 percent was groundwater.  There was 

approximately 12 percent that could have been served with surface water or groundwater, and 

the source of water for irrigating the remaining 4 percent was unknown.  According to DWR’s 

2003 land use data, infrastructure (wells) is available for groundwater use on approximately 22 

percent of the total agricultural area in Colusa County (DWR, 2003a).  In 2003, 44 percent of the 

land in NOAs was irrigated with surface water and 30 percent was irrigated with groundwater 

(Figure 3.2).  Based upon DWR’s land use surveys, most groundwater users are located along the 

Sacramento River in the northeastern portion of Colusa County or west of the Colusa Basin 

Drain (Map 10 and Map 11). 

 

Water Supply Index 

 

The characterization of dry, average, and wet years is based upon the definition as outlined in the 

scope of work for the Colusa County GWMP (Task 2.8).  These classifications are based upon a 

water supply index of different years, as determined by DWR, and published annually in DWR 

Bulletin 120.  The classifications are based upon the estimate of the Sacramento Valley 

unimpaired runoff for the given water year (October 1 of the preceding calendar year through 

September 30).  This is a forecast of the sum of the inflow at several locations along the 

Sacramento and American Rivers. 

 

A water supply index determination, based upon the hydrologic conditions and forecasts of 

future runoff, assuming normal precipitation for the remainder of the water year, is determined in 

May each year (DWR, 2005).  The water supply index type for the preceding water year will 

remain in effect until the initial forecast of unimpaired runoff for the current water year is 
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available (Figure 3.3 illustrates the criteria for different water year classifications, DWR, 2005).  

Table 3.6 provides a list of historical water supply index types, from 1993 through 2003.  In the 

DWR water supply index, there is no classification for an ‘average’ water year; instead, 

‘average’ falls within the ‘above normal’ and ‘below normal’ range, which is 6.5-9.2 million 

acre-feet of forecasted unimpaired runoff.  Typically, water years 1998, 2000, and 2001 are used 

to characterize the wet, average, and dry years, respectively. 

 

Water Supply Summary 

 

In summary, the estimated surface water supply from the Tehama-Colusa Canal, for water 

purveyors in Colusa County, is 235,540 acre-feet.  The surface water supply from the 

Sacramento River for entities and individuals serving water in Colusa County is 1,372,468 acre-

feet; however, a significant but unknown amount is used in Glenn and Yolo Counties. 



COLUSA COUNTY GROUNDWATER MANAGEMENT PLAN 
TECHNICAL MEMORANDUM – WATER USE AND SUPPLY 
 
 

March 2008  14 

4. WATER USE 
 

The Northern District of DWR has conducted water budget analyses for the dry, average, and 

wet years (1998, 2000, and 2001, respectively) on a Detailed Analysis Unit (DAU) basis; 

however, the boundaries cross various county lines, making it difficult to conduct an analysis for 

a specific county or for a specific water purveyor.  In lieu of a water budget, an analysis of water 

use and supply was done for Colusa County, and was conducted using information from: 

• DWR land use surveys (DWR 1993, DWR, 1998, DWR, 2003a). 

 
• DWR Water Bulletin 120 (DWR, 2005). 

 
• Crop water use values (DWR, 2007a). 

 
• Historical and projected population data (U.S. Census Bureau, 2007, and Colusa 

County, 1989). 
 

• Water district and water purveyor boundary information (USBR, 2007b). 
 

• Groundwater information (Arbuckle Public Utility District, 2007; City of Colusa, 
2007; Maxwell Public Utility District, 2007; and Williams, 2007). 

 
• Sacramento River diversion data for Colusa County (USBR, 2007c). 

 
• Tehama-Colusa Canal Authority diversion data for Colusa County (Tehama-Colusa 

Canal Authority, 2007). 
 

Method 
 

The process for which applied water and consumptive use of applied water is determined in 

Colusa County for agriculture, municipal and industrial, and environmental uses is discussed in 

this section. 
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Agriculture 

 
In evaluating water use in Colusa County, which is largely agricultural, the 2003 crop land use 

was analyzed in conjunction with applied water, evapotranspiration or consumptive use, and 

excess applied water.  The most current land use data is from 2003, thus it was used as a baseline 

for estimating water use. 

 

DWR developed unit coefficients of applied water and evapotranspiration of applied water data 

for certain crop categories for all of the counties within the state for each year from 1998 through 

2003 (DWR, 2007a).  The data for Colusa County was compiled for this study and is provided in 

Table 4.1.  Each year, DWR adjusts these variables to account for monthly climactic factors and 

changes to cultural practices, which results in different crop coefficients each year.  This 

information takes into account the estimate of effective precipitation and irrigation efficiencies 

for the respective crops and year. 

 

The crops in the 2003 land use survey data were summarized by the same crop categories that 

DWR provides for in the crop coefficient data, to enable the estimation of annual agricultural 

water use.  In addition to using the DWR coefficients for determining applied water and 

evapotranspiration of applied water in Colusa County, this analysis also employed estimated 

conveyance efficiencies to each water purveyor, NOA, and wildlife refuge area.  These 

conveyance efficiencies are intended to be specific to the water source in the region of Colusa 

County to reflect the differences in the water delivery systems.  Conveyance efficiency, applied 

water, evapotranspiration of applied water, and effective precipitation is explained in further 

detail later in this section. 

 

Applied Water 

Applied water includes consumptive use, but also includes excess applied water or that portion 

of water that could be considered reusable or recoverable.  In 2003, applied water use for 

agriculture was estimated using DWR’s applied water coefficient for each crop (provided by 

DWR) and multiplying this by the 2003 land use data, and dividing this by the assumed 
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conveyance efficiency (assumed conveyance efficiencies are listed in Table 4.2 and further 

explained in this section) for each water purveyor or area: 

 
[2003 Land Use x 2003 Applied Water Coefficient]/ 

Conveyance Efficiency = 2003 Applied Water 
 
According to DWR, irrigation efficiency is accounted for in the applied water coefficient for 

each crop type. 

 

Evapotranspiration of Applied Water (Consumptive Use) 

The evapotranspiration of applied water (consumptive use) is the amount of applied water that is 

consumed or used and is no longer available as a source of supply.  It is the portion of water that 

is lost to the system and not recoverable, such as through evaporation, transpiration, incorporated 

into products or crops, and consumed by humans or livestock.  To estimate consumptive use in 

2003, the DWR evapotranspiration of applied water crop coefficient is applied to agricultural 

land use data for 2003 for each water purveyor, wildlife refuge, and NOA in Colusa County. 

 

2003 Land Use x 2003 Evapotranspiration of Applied Water Coefficient = 
2003 Consumptive Use 

 
Conveyance Efficiency 

Conveyance efficiency is defined simply as the percentage of source water that reaches the 

turnout to a farm field; it accounts for the water lost due to seepage and evapotranspiration 

associated with the given delivery/distribution system.  Conveyance efficiency as estimated here 

is intended to be specific to Colusa County and accounts for the distribution system losses 

associated with delivery infrastructure.  The primary surface water source, distribution system, 

and assumed conveyance efficiency is provided in Table 4.2.  It is assumed to be 100 percent for 

diversions from the Tehama-Colusa Canal, based upon an assumed closed-pipe distribution 

system.  In an open-channel distribution system, such as diversions from the Sacramento River, 

it is assumed to be 90 percent.  The estimate for the conveyance efficiency for the open-channel 

distribution system is based upon the “Stony Creek Fan Conjunctive Water Management 
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Program Feasibility Investigation Technical Memorandum No. 3, Land Use, Water Uses, and 

Supplies,” by GCID, January 2006 (GCID, 2006). 

 

Effective Precipitation 

Effective precipitation is factored into the determination of the evapotranspiration of applied 

water crop coefficient.  More simply: 

 
Evapotranspiration – Effective Precipitation = 

Evapotranspiration of Applied Water 
 

Water Use Scenarios 

To develop the scenarios for wet, average, and dry years for Colusa County, the applied water 

and evapotranspiration of applied water crop coefficients for 1998, 2000, and 2001 were used 

with the 2003 land use data.  Applied water and consumptive use were calculated in the same 

manner described previously, with the exception of the differing year of the coefficient for each 

year: 

[2003 Land Use x 1998 (wet), 2000 (average), or 2001 (dry) 
Applied Water Coefficient]/Conveyance Efficiency = 

1998 (wet), 2000 (average), or 2001 (dry) Applied Water 
 

2003 Land Use x 1998 (wet), 2000 (average), or 2001 (dry) 
Evapotranspiration of Applied Water Coefficient = 

1998 (wet), 2000 (average), or 2001 (dry) Consumptive Use 
 

Use of 2003 as Baseline Year 

It is important to clarify the use of the 2003 land use data in estimating applied and 

evapotranspiration of applied water use in Colusa County.  In this Technical Memorandum, 2003 

was used as a baseline for a ‘normal’ or ‘existing conditions’ year, since 2003 is the best 

available data.  No adjustments were made to the crop mix that could occur under the various 

water use scenarios.  In DWR’s water supply index, 2003 is classified as an ‘above normal’ 

water year.  The year 2000 is used as ‘average’ for this Technical Memorandum; however, it is 

also classified as ‘above normal’ in DWR’s water supply index.  As explained previously, there 
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is no specific classification for an ‘average’ year in DWR’s Bulletin 120 water supply index; 

instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon 

examining DWR’s crop coefficients (Table 4.1), which are adjusted for monthly climatic factors 

and cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop 

coefficients, even though both years are classified as ‘above normal’ years.  The applied water 

and evapotranspiration of applied water coefficients for 2000 is much greater than for 2003.  

Therefore, in the water use analysis, the 2003 applied water and evapotranspiration of applied 

water values will be lower than for the average year. 

 

Municipal, Industrial, and Domestic 

 

All water for municipal, industrial, and domestic use is derived from groundwater.  Groundwater 

pumpage data was obtained from those communities that have recorded data and was applied to 

the population data to get an average per capita and annual use.  According to the 1989 County 

General Plan, the population of Colusa County is projected to increase to over 23,000 by 2010 

(Colusa County, 1989).  Presently, the total population in Colusa County is over 21,000, with the 

largest population in the City of Colusa (U.S. Census Bureau, 2007). 

 

Environmental 

 
There are no instream flows allocated to environmental uses in Colusa County, beyond the U.S. 

Fish and Wildlife Service contract for water for the wildlife refuges.  The cultural practice of 

using water for rice straw decomposition has significant environmental benefits; however, the 

allocation of water for this purpose is totally dependent upon cultural practices for rice. 

 

Water Use Results 

 
A summary of applied water and consumptive use calculation results, by surface water source, is 

provided in Tables 4.3, 4.4, 4.5, and 4.6.  Based upon the information in these tables, the 

following points are worth noting: 
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Agriculture 

 
Applied Water Use 

• The 2003 calculated annual applied water was compared to the 2003 USBR 
reported diversions (Table 4.3).  Based upon these estimates, Tehama-Colusa Canal 
water users require more water than what they are diverting.  Thus, groundwater is 
being used to make up the difference. 

 
• In 2003, reported diversions from the Tehama-Colusa Canal were 40 to 50 percent 

of the base contract allocation (Table 3.2). 
 

• In 2003, applied water use was estimated at 1.1 million acre-feet, of which 83 
percent was surface water and 5 percent was groundwater, and 11 percent was 
some combination of surface water and groundwater. 

 
• Sacramento River diversions were greater than the calculated applied water 

requirement. 
 

• The estimated amount of water used for rice straw decomposition is approximately 
6 percent of the total water applied for agricultural crop production. 

 
Return Flows 

• Approximately 46 percent of applied water is available as return flow in Colusa 
County (Table 4.4). 

 
• Based upon the 2003 estimates, between one-quarter and one-half of the surface 

water diverted each year is also available as return flow, to either be used by 
downstream users within Colusa County boundaries, to percolate into the 
groundwater basin, or to be used by downstream users. 

 
Consumptive Use 

• GCID is the largest consumer of water (Table 4.4). 
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• For 2003, of the estimated 1.1 million acre-feet of water applied for crop 
production, approximately 57 percent was consumed and 43 percent returned to the 
system. 

 
• The consumptive use of the NOAs is less than the Tehama-Colusa Canal and 

Sacramento River service areas, but the applied water use is greater than the 
Tehama-Colusa Canal service area. 

 
Wet, Average, and Dry Year Scenarios 

The wet, average, and dry year consumptive use and applied water scenarios by water source are 
presented in Table 4.7.  The crop mix and area in each crop was based upon 2003 land use under 
all scenarios.  Applied water and consumptive use for these scenarios were examined for 
permanent and non-permanent crops and is presented in Table 4.8.  In summary:  
 

• The consumptive use of applied water during wet years is approximately 70 percent 
of the amount estimated for average and dry years. 

 
• The estimated applied water in a wet year is approximately 75 percent of that 

estimated in an average or dry year. 
 

• The dry year consumptive use of applied water is approximately 16 percent of the 
total dry year amount. 

 
Municipal, Industrial, and Domestic 

Based upon the analysis of the information available, the following summarizes the results 
related to municipal, industrial, and domestic water use. 

• The average annual water use for Colusa County is estimated to be 400 acre-
feet/year and it was not anticipated to change appreciably based upon the projected 
populations.  This could be altered if development proposals discussed in recent 
years were to materialize. 

 
• The highest estimated average annual per capita water use rate was in the Town of 

Maxwell and the Stonyford-Lodoga area.  The estimate for Maxwell is likely more 
accurate than for Stonyford-Lodoga, since actual population and groundwater 
pumpage data was used to estimate water use (see notes in Table 4.9). 
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• The total estimated urban water use based upon a 2010 population for municipal, 

industrial, and domestic use is approximately 8,300 acre-feet annually of which 86 

percent (7,200 acre-feet) is used by cities and communities and 14 percent (1,200 

acre-feet) is used by the rural population. 

 

• Urban water use was estimated to range from 0.21 to 0.42 acre-feet per year per 

capita (Table 4.10).  For a more detailed explanation of how water use was 

estimated for each area, refer to the notes in Table 4.10. 
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5. SUMMARY OF RESULTS 
 

From an agricultural perspective, Colusa County is essentially “built out.”  Accordingly, changes 

in water use will be largely the result of changes in land use:  urbanization of land currently in 

agriculture or barren land and changes in crop mix.  The latter has been experienced in recent 

years within the service area of the Tehama-Colusa Canal where the amount of land in 

permanent crops is increasing.  Overall, the total amount of water use may not be appreciably 

different; however, the need for greater reliability can be significant. 

 

The amount of land being served by groundwater ranges from 10 to 22 percent of the total area, 

with 10 percent relying solely on groundwater.  Of the 10 percent relying solely on groundwater, 

6 percent is applied to land that is not within the boundaries of a water purveyor. 

 

As presented in this Technical Memorandum, there are several entities involved with the use and 

management of water in Colusa County.  A brief summary of each is provided on Table 5.1 in 

relation to land use; water source distribution; water use; and wet, average, and dry water use 

scenarios.  Presented in Appendix A is more detailed information for each entity. 
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TABLE 2.1 
 

LAND WITHIN WATER MANAGEMENT ENTITIES/AREAS 

Water Management Entity/Area4 2003 Area 
(ac)3 

Percent 
Subtotal 

Percent Total 
Water 

Management 
Entities/Areas 

Percent 
County 

Area  

Water Purveyors           
Tehama-Colusa Canal Service Area         
    4-M Water District 19,391 21 6.35 2.62 

    Colusa County Water District2 46,384 51 15.20 6.27 

    Cortina Water District 615 1 0.20 0.08 

    Davis Water District 1,954 2 0.64 0.26 

    Glenn Valley Water District 2,139 2 0.70 0.29 

    Holthouse Water District 2,043 2 0.67 0.28 

    La Grande Water District 1,471 2 0.48 0.20 

    Myers-Marsh Mutual Water Company 278 0 0.09 0.04 

    Westside Water District 17,492 19 5.73 2.36 

Subtotal (Tehama-Colusa Canal Service Area 
Water Purveyors) 91,767 100 22.85 12.40 

Sacramento River Service Area         

    Arbuckle Public Utility District 535 0 0.18 0.07 

    Carter Mutual Water Company 2,115 1 0.69 0.29 

    City of Colusa Water System 1,536 1 0.50 0.21 

    Colusa Drain Mutual Water Company 2 36,406 17 11.93 4.92 

    Glenn Colusa Irrigation District1 94,933 44 31.11 12.83 

    Princeton-Codora-Glenn Irrigation District1 5,529 3 1.81 0.75 

    Provident Irrigation District1 2,142 1 0.70 0.29 

    Maxwell Irrigation District 7,148 3 2.34 0.97 

    Maxwell Public Utility District 237 0 0.08 0.03 

    Reclamation District No. 1082 33,188 16 10.87 4.48 

    Reclamation District No. 10041 21,399 10 7.01 2.89 

    Roberts Ditch Irrigation Company 1,909 1 0.63 0.26 

    Willow Creek Mutual Water Company 1 6,346 3 2.08 0.86 

Subtotal (Sacramento River Service Area Water 
Purveyors) 213,424 100 53.15 28.84 

TOTAL (Water Purveyors) 305,192   76.00 41.24 

Non-Organized Areas         

    NOA-1 997 1 1.18 0.13 

    NOA-2 14,113 17 16.73 1.91 

    NOA-3 1,453 2 1.72 0.20 

    NOA-4 38,820 46 46.03 5.25 

    NOA-5 3,079 4 3.65 0.42 

    NOA-6 25,873 31 30.68 3.50 

Subtotal (Non-Organized Areas) 84,335 100 21.00 11.40 
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TABLE 2.1 
 

LAND WITHIN WATER MANAGEMENT ENTITIES/AREAS 

Water Management Entity/Area4 2003 Area 
(ac)3 

Percent 
Subtotal 

Percent Total 
Water 

Management 
Entities/Areas 

Percent 
County 

Area  

National Wildlife Refuges         

    Colusa NWR 4,132 1 34.38 0.56 

    Delevan NWR 5,459 1 45.42 0.74 

    Sacramento NWR1 2,428 1 20.20 0.33 

Subtotal (Wildlife Refuges) 12,019 3 3 1.62 

TOTAL (Water Management Entities/Areas) 401,546 100 100 54.26 

          
Areas Outside of Water Purveyor Boundaries, 
Non-Organized Areas, and Wildlife Refuges 
    All Land Uses (Primarily Native and Riparian 
Vegetation; 
    Western Portion of Colusa County) 338,454     45.74 

TOTAL (Other Areas) 338,454   45.74 

COUNTY TOTAL 740,000     100 
 
1Serves or includes land in both Colusa and Glenn Counties.  Only the area in Colusa County is shown. 
 

2Serves land in both Colusa and Yolo Counties.  Only the area in Colusa County is shown. 
 

3Land area provided is the ‘Gross Area,’ which includes land use categories such as Urban Vacant, Water surfaces, 
Riparian 
    Vegetation (except for Wildlife Refuges), Barren land, Fallow/Idle land, and land Not Surveyed. 
 

4Stony Creek Water District is not addressed in detail in this analysis.  The boundaries of this district contain only one 
acre in Colusa 
    County, which is not currently irrigated.  A total of 27 acre-feet of surface water was used over the last five years 
(Westcamp,  
    2007). 
Source:  DWR, 2003a 
 

 



TABLE 2.2 
 

2003 LAND USE 

Land Use 2003 Percent of 
Irrigated Land 

Percent 
Land Within 

Water 
Management 
Entity/Areas 

Percent 
County 
Land 

Irrigated Agriculture 
Permanent Crop 
    Almonds 30,232 11 8 4 
    Citrus and Subtropical 46 0 0 0 
    Other Deciduous 8,923 3 2 1 
    Pistachios 1,365 0 0 0 
    Vineyard 2,115 1 1 0 
Subtotal (Permanent Crop) 42,680 15 11 6 
Non-Permanent Crop 
    Alfalfa and Alfalfa Mixtures 8,449 3 2 1 
    Beans (dry) 4,574 2 1 1 
    Corn (field and sweet) 2,397 1 1 0 
    Cotton 3,442 1 1 0 
    Grain 33,741 12 8 5 
    Onions and Garlic 398 0 0 0 
    Other Field Crops 3,176 1 1 0 
    Other Pasture 3,985 1 1 1 
    Other Truck Crops 9,683 3 2 1 
    Rice 136,405 49 34 18 
    Safflower 10,287 4 3 1 
    Sugar Beets 0 0 0 0 
    Tomatoes 18,950 7 5 3 
Subtotal (Non-Permanent Crop) 235,487 85 59 32 
Irrigated Land Subtotal 278,168 100 69 38 
Other Land Use         
    Barren 548   0 0 
    Fallow/Idle 19,318   5 3 
    Not Surveyed 0   0 0 
    Semiagricultural and Incidental to Agriculture 1,974   0 0 
    Urban 4,881   1 1 
    Vacant 5,601   1 1 
    Vegetation 82,071   20 11 
    Water 8,985   2 1 
Subtotal (Other Land Use) 123,378   31 17 
Land Use Inside of Water Management/Entity 
Boundaries 401,546   100 54 
Land Use Outside of Water Management/Entity 
Boundaries -Predominantly Native and Riparian 
Vegetation (Western Portion of Colusa County) 338,454     46 
COUNTY TOTAL 740,000     100 
 
Source:  (DWR, 2003a) 

 



TABLE 2.3 
 

LAND USE IN COLUSA COUNTY (1993, 1998, 2003) 
Diff.93-03 

Land Use 1993 1998 2003 ac % 
Irrigated Agriculture           
Permanent Crop           
    Almonds 19,948 26,681 30,232 10,284 51.55 
    Citrus and Subtropical 213 118 46 -167 -78.44 
    Other Deciduous 9,564 9,835 8,923 -641 -6.71 
    Pistachios 968 1,455 1,365 397 40.95 
    Vineyard 1,291 1,878 2,115 823 63.78 

Subtotal (Permanent Crop) 31,985 39,966 42,680 10,696 33.44 
Non-Permanent Crop           
    Alfalfa and Alfalfa Mixtures 7,921 7,818 8,449 529 6.67 
    Beans (dry) 7,192 6,790 4,574 -2,618 -36.40 
    Corn (field and sweet) 4,613 4,793 2,397 -2,217 -48.05 
    Cotton 316 6,334 3,442 3,126 990.40 
    Grain 42,272 30,376 33,741 -8,531 -20.18 
    Onions and Garlic 53 1,085 398 345 644.07 
    Other Field Crops 2,394 3,110 3,176 782 32.65 
    Other Pasture 4,679 3,265 3,985 -694 -14.84 
    Other Truck Crops 14,354 14,642 9,683 -4,671 -32.54 
    Rice 134,500 136,132 136,405 1,905 1.42 
    Safflower 14,584 15,107 10,287 -4,297 -29.46 
    Sugar Beets 4,756 1,161 0 -4,756 -100.00 
    Tomatoes 24,817 25,645 18,950 -5,867 -23.64 

Subtotal (Non-Permanent Crop) 262,452 256,258 235,487 -26,965 -10.27 
Irrigated Land Subtotal 294,437 296,224 278,168 -16,269 -5.53 
Other Land Use           
    Barren 44 478 548 504 1143.98 
    Fallow/Idle 22,611 15,482 19,318 -3,293 -14.56 
    Not Surveyed 220 3 0 -220 -100.00 
    Semiagricultural and Incidental to Agriculture 2,455 2,348 1,974 -481 -19.59 
    Urban 4,057 4,865 4,881 824 20.32 
    Vacant 1,421 7,827 5,601 4,181 294.25 
    Vegetation 70,639 67,052 82,071 11,432 16.18 
    Water 5,775 7,379 8,985 3,210 55.58 

Subtotal (Other Land Use) 107,221 105,434 123,378 16,157 15.07 

TOTAL (Water Management/Entity Area) 401,659 401,659 401,546 -113 -0.03 
Land Use Outside of Water Management/Entity 
Boundaries - Predominantly Native and Riparian 
Vegetation (Western Portion of Colusa County)1 338,341 338,341 338,454 113 0.03 

COUNTY TOTAL 740,000 740,000 740,000 0.00 0.00 
 

1Due to varying land use classifications for each surveyed year, in addition to the differing methodologies and datasets 
each survey year, the total land use was adjusted using land on the western portion of the County.  No totals in the water 
purveyor boundaries were adjusted. 
 
Sources:  (DWR, 1993), (DWR, 1998), (DWR, 2003a)  
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TABLE 2.4 
 

PREDOMINANT CROP AREA - 2003 

Predominant Crops, acres 
Total Area of 

Predominant Crops 

Area of Other 
Crops and Land 

Uses   
Water Management Entities/Areas 

  
Gross Area3 Almonds Grain Rice Tomatoes ac % ac % 

Water Purveyor                   

Tehama-Colusa Canal Service Area                   

    4-M Water District 19,391 261 429 0 0 690 0.17% 18,702 4.66% 
    Colusa County Water District2 46,384 21,438 4,559 326 3,385 29,707 7.41% 16,676 4.16% 
    Cortina Water District 615 496 0 0 0 496 0.12% 120 0.03% 
    Davis Water District 1,954 111 336 5 234 687 0.17% 1,267 0.32% 
    Glenn Valley Water District 2,139 3 236 158 0 397 0.10% 1,742 0.43% 
    Holthouse Water District 2,043 199 169 95 0 463 0.12% 1,581 0.39% 
    La Grande Water District 1,471 0 49 1,128 0 1,177 0.29% 293 0.07% 
    Myers-Marsh Mutual Water Company 278 0 74 0 68 142 0.04% 136 0.03% 
    Westside Water District 17,492 4,689 2,708 1,250 1,822 10,469 2.61% 7,024 1.75% 
Subtotal (Tehama-Colusa Canal Water 
Purveyors) 91,767 27,195 8,560 2,962 5,509 44,227 11.03% 47,540 11.86% 
Sacramento River Service Area                   
    Arbuckle Public Utility District 535 56 3 0 0 59 0.01% 475 0.12% 
    Carter Mutual Water Company 2,115 0 520 667 187 1,374 0.34% 741 0.18% 
    City of Colusa Water System 1,536 0 125 0 0 125 0.03% 1,411 0.35% 
    Colusa Drain Mutual Water Company2 36,406 36 3,201 20,493 683 24,414 6.09% 11,993 2.99% 
    Glenn-Colusa Irrigation District1 94,933 378 5,872 52,771 3,008 62,030 15.47% 32,903 8.21% 
    Maxwell Irrigation District 7,148 0 70 4,516 0 4,586 1.14% 2,562 0.64% 
    Maxwell Public Utility District 237 0 0 3 0 3 0.00% 234 0.06% 
    Princeton-Codora-Glenn Irrigation District1 5,529 0 94 3,900 0 3,994 1.00% 1,535 0.38% 
    Provident Irrigation District1 2,142 0 0 1,951 0 1,951 0.49% 191 0.05% 
    Reclamation District No. 1082 21,399 0 27 12,840 0 12,868 3.21% 8,532 2.13% 
    Reclamation District No. 10041 33,188 0 2,553 15,962 2,315 20,830 5.19% 12,357 3.08% 
    Roberts Ditch Irrigation Company 1,909 0 331 507 0 838 0.21% 1,070 0.27% 
    Willow Creek Mutual Water Company 6,346 0 0 2,161 0 2,161 0.54% 4,185 1.04% 
Subtotal (Sacramento River Water 
Purveyors) 212,889 414 12,796 115,772 6,193 135,175 33.71% 77,714 19.38% 
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TABLE 2.4 
 

PREDOMINANT CROP AREA - 2003 

Predominant Crops, acres 
Total Area of 

Predominant Crops 

Area of Other 
Crops and Land 

Uses   
Water Management Entities/Areas 

  
Gross Area3 Almonds Grain Rice Tomatoes ac % ac % 

Non-Organized Area                   
    NOA-1 997 0 24 0 0 24 0.01% 973 0.24% 
    NOA-2 14,113 2,434 3,692 135 3,080 9,341 2.33% 4,772 1.19% 
    NOA-3 1,453 0 604 86 397 1,087 0.27% 366 0.09% 
    NOA-4 38,820 131 3,447 9,076 1,091 13,746 3.43% 25,074 6.25% 
    NOA-5 3,079 0 0 1,333 0 1,333 0.33% 1,746 0.44% 
    NOA-6 25,873 0 4,590 6,899 2,680 14,169 3.53% 11,704 2.92% 
Subtotal (Non-Organized Area) 84,335 2,566 12,356 17,530 7,248 39,700 9.90% 44,635 11.13% 
National Wildlife Refuges                   
    Colusa National Wildlife Refuge 4,132 0 26 3 0 29 0.01% 4,104 1.02% 
    Delevan National Wildlife Refuge 5,459 0 0 0 0 0 0.00% 5,459 1.36% 
    Sacramento National Wildlife Refuge1 2,428 0 0 138 0 138 0.03% 2,290 0.57% 

Subtotal (National Wildlife Refuge) 12,019 0 26 141 0 167 0.04% 11,852 2.96% 
TOTAL (Water Management Entity/Area) 401,011 30,176 33,738 136,405 18,950 219,269 54.68% 181,742 45.32% 

 

1These water purveyors or national wildlife refuges serve or include land in both Colusa and Glenn Counties.  Only the area in Colusa County is shown. 
 

2This water purveyor serves land in both Colusa and Yolo Counties.  Only the area in Colusa County is shown. 
 

3Land area provided is the ‘Gross Area,’ which includes land use categories such as Urban Vacant, Water surfaces, Riparian 
    Vegetation (except for Wildlife Refuges), Barren land, Fallow/Idle land, and land Not Surveyed. 
 
Sources:  (DWR, 2003a), (USBR, 2007a) 

 



  1 of 2 

TABLE 3.1 
 

U.S. BUREAU OF RECLAMATION CENTRAL VALLEY PROJECT 
SACRAMENTO RIVER SETTLEMENT CONTRACTORS AND CONTRACT AMOUNTS 

(ac-ft) 

Sacramento River Settlement Contractors and 
Contract Amounts 

(Water 
Rights) 

Base 
Supply 

CVP 
Project 
Water 

Total 
Contract 
Amount  

Percent 
of  

Subtotal 

Percent  
County 
Total 

Water Purveyors             
    Carter Mutual Water Company 6,450 672 7,122 1 0.52 
    Glenn-Colusa Irrigation District1 720,000 105,000 825,000 64 60.11 
    Maxwell Irrigation District 11,980 6,000 17,980 1 1.31 
    Princeton-Codora-Glenn Irrigation District1 52,810 15,000 67,810 5 4.94 
    Provident Irrigation District1 49,730 5,000 54,730 4 3.99 
    Reclamation District No. 1082 199,000 33,000 232,000 18 16.90 
    Reclamation District No. 10041 56,400 15,000 71,400 6 5.20 
    Roberts Ditch Irrigation Company 4,140 300 4,440 0 0.32 
Subtotal (Water Purveyors) 1,100,510 179,972 1,280,482 100 93 
Non-Organized Areas           
    Anderson Properties, R and J, L.P. 34 13 47 0.05 0.00 
    Anderson Properties, R and J, L.P. 115 75 190 0.21 0.01 
    Anderson, Arthur et al (formerly Westfall, Mary) 445 45 490 0.53 0.04 
    Baber, Jack, et al. 3,630 2,630 6,260 6.81 0.46 
    Beckley, Ralph and Ophelia 165 135 300 0.33 0.02 
    Butte Creek Farms, Inc. 20 16 36 0.04 0.00 
    Butte Creek Farms, Inc. 196 8 204 0.22 0.01 
    Butte Creek Farms, Inc. 40 55 95 0.10 0.01 
    Butte Creek Farms, Inc. 300 340 640 0.70 0.05 
    Cachil Dehe of Wintun Indians of the Colusa Indian 
    Community 80 100 180 0.20 0.01 
    Driver, Gary, et al. 8 22 30 0.03 0.00 
    Eastside Mutual Water Company 2,170 634 2,804 3.05 0.20 
    Ehrke, Allen A. and Bonnie E. 220 160 380 0.41 0.03 
    Fedora, Sibley G. and Margaret L. 190 20 210 0.23 0.02 
    Forry, Laurie E. 2,285 0 2,285 2.48 0.17 
    Gillaspy, William F. 120 90 210 0.23 0.02 
    Gomes, Judith A. 168 78 246 0.27 0.02 
    Green Valley Corporation 680 210 890 0.97 0.06 
    Green Valley Corporation 555 325 880 0.96 0.06 
    Griffin, Joseph, and Prater, Sharon 1,610 1,150 2,760 3.00 0.20 
    Jansen, Peter and Sandy 150 40 190 0.21 0.01 
    King, Benjamin and Laura 12 7 19 0.02 0.00 
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TABLE 3.1 
 

U.S. BUREAU OF RECLAMATION CENTRAL VALLEY PROJECT 
SACRAMENTO RIVER SETTLEMENT CONTRACTORS AND CONTRACT AMOUNTS 

(ac-ft) 

Sacramento River Settlement Contractors and 
Contract Amounts 

(Water 
Rights) 

Base 
Supply 

CVP 
Project 
Water 

Total 
Contract 
Amount  

Percent 
of  

Subtotal 

Percent  
County 
Total 

    King, Laura 13 13 26 0.03 0.00 
    Locvich, Lloyd 0 0 0 0.00 0.00 
    Mehrhof, Susan and Montgomery, John 164 16 180 0.01 0.01 
    Nene Ranch, LLC 1,360 200 1,560 1.70 0.11 
    Otterson, Mike 1,515 300 1,815 1.97 0.13 
    Pleasant Grove-Verona Mutual Water Company 23,790 2,500 26,290 28.58 1.92 
    Seaver, Charles W. and Barbara J. 210 270 480 0.52 0.03 
    Sycamore Family Trust 22,000 9,800 31,800 34.57 2.32 
    Tisdale Irrigation & Drainage Co. 7,900 2,000 9,900 10.76 0.72 
    Tuttle, Charles W. and Noack, Sue T. 120 270 390 0.42 0.03 
    Wisler, John W. Jr. 8 27 35 0.04 0.00 
    Zelmar Ranch, Inc. 112 52 164 0.18 0.01 
Subtotal (Non-Organized Areas) 70,385 21,601 91,986 100 6.70 
TOTAL (County) 1,170,895 201,573 1,372,468   100 
 

1These water purveyors or national wildlife refuges serve or include land in both Colusa and Glenn Counties. 
 

2This water purveyor serves land in both Colusa and Yolo Counties.   
 
Source:  USBR, 2007. 

 



TABLE 3.2 
 

U.S. BUREAU OF RECLAMATION CENTRAL VALLEY PROJECT 
LONG-TERM RENEWAL CONTRACTOR AND CONTRACTS 

(ac-ft) 

Contractor or Subcontractor Base 
Allocation 

Tier 
1 

Tier 
2 

Total 
Contract 

Water 

Contract 
Subtotal 

(%) 

Contract 
Total 
(%) 

County of Colusa (via Subcontractors)             
  4-M Water District 4,560 570 570 5,700 28.5 2 
  Colusa County Water District2 4,772 597 597 5,965 29.8 3 
  Cortina Water District 1,360 170 170 1,700 8.5 1 
  Glenn Valley Water District 1,384 173 173 1,730 8.7 1 
  Holthouse Water District 1,960 245 245 2,450 12.3 1 
  La Grande Water District 1,760 220 220 2,200 11.0 1 
  Myers-Marsh M.W.C. 204 26 26 255 1.3 0 
Subtotal (County of Colusa) 16,000 2,000 2,000 20,000 100  8 
 Colusa County Water District1,2 49,760 6,220 6,220 62,200   26 

 Colusa Drain Mutual Water Company2 56,000 7,000 7,000 70,000   30 
 County of Colusa3 32 4 4 40   0 
 Davis Water District 3,200 400 400 4,000   2 
 Stony Creek Water District 2,676 335 335 3,345   1 
 Westside Water District4 52,000 6,500 6,500 65,000   28 

 TOTAL CONTRACT AMOUNT 188,432 23,554 23,554 235,540   100 
 

1The language of the contract states that "…the quantity of Project Water released by the US pursuant to this Contract 
shall:  (i) not exceed the sum of 30,000 acre-feet plus the product of 1.832 acre-feet per acre times the number of acres, in 
excess of 16,000, within the Contractor's Service Area ordering water from the Contractor; and (ii) be reduced by the 
quantity of water acquired by the Contractor pursuant to Article 12..."  The number reflects 30,000+ (1.832x16,000), as a 
minimum. 
 

2This water purveyor serves land in both Colusa and Yolo Counties.   
 

3Providing Project Water to the Town of Stonyford from the Black Butte Project. 
 

4Contract was previously under a partial assignment with the County of Colusa Contract (allocation for 40,000 acre-feet. 
 
Base allocation is less than 80% of project allocation.  Tier 1 is greater than 80% but less than 90% of the total project 
allocation.  Tier 2 is greater than 90% of the total project allocation. 
 
In a water shortage, the water supply available from the Project will be allocated proportionately among contractors.  
There is no minimum allocation, thus it is conceivable that no water would be supplied under extremely dry conditions. 
 
Source:  USBR, 2007a 
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TABLE 3.3 
 

HISTORICAL CENTRAL VALLEY PROJECT 
DIVERSIONS 

(ac-ft) 
  1998 1999 2000 2001 2002 2003 
Water Purveyors             
Tehama-Colusa Canal Service Area             
    4-M Water District 1,681 2,281 2,287 2,371 2,335 1,558 
    Colusa County Water District 
    (Contract # 1-07-20-W0220)2 5,965 5,965 5,965 3,580 5,965 5,965 
    Colusa County Water District 
    (14-06-200-304-A)2 35,576 54,968 50,703 55,286 50,155 44,894 
    Cortina Water District 709 747 731 941 822 899 
    Davis Water District 2,130 1,721 1,891 1,722 1,853 2,034 
    Glenn Valley Water District 724 697 965 593 759 417 
    Holthouse Water District 1,181 1,665 1,908 1,729 1,640 2,107 
    La Grande Water District 4,455 5,000 5,000 3,000 5,000 6,015 
    Myers-Marsh Mutual Water 
    Company 51 107 470 201 121 636 
    Westside Water District 23,789 25,253 24,966 18,000 25,000 32,907 
Total (Tehama-Colusa Canal 
Service Area Water Purveyors) 76,261 98,404 94,886 87,423 93,650 97,432 
Sacramento River Service Area             
Water Purveyors       
    Carter Mutual Water Company 
    (Used to be Sartain MWC) 1,592 2,097 2,318 983 1,665 1,538 
    Colusa Drain Mutual Water 
    Company2 40,496 42,367 43,435 38,938 38,768 39,870 
    Glenn-Colusa Irrigation District1 662,350 662,350 658,735 689,684 717,723 642,870 
    Princeton-Codora-Glenn Irrigation 
    District1 39,849 62,172 56,019 54,945 60,462 55,788 

    Maxwell Irrigation District 11,794 17,275 17,178 16,848 7,910 1,319 
    Provident Irrigation District1 42,791 44,809 52,876 48,481 45,370 54,436 
    Reclamation District No.1082 108,180 181,988 148,939 142,836 159,598 131,366 
    Reclamation District No.10041 49,222 65,179 61,136 77,130 74,805 65,080 
    Robert's Ditch Irrigation Company 1,938 3,071 3,232 2,599 3,649 3,390 
Subtotal (Sacramento River Service 
Area Water Purveyors) 958,212 1,081,308 1,043,868 1,072,444 1,109,950 995,657 

Non-Organized Areas             
    Anderson, Art, et al 0 0 0 0 0 0 
    Baber, Jack, et al 3,511 4,014 3,529 637 1,487 2,137 
    Beckley, Ralph, et ux 0 267 260 260 0 0 
    Butte Creek Farms (A) 95 95 95 95 95 95 
    Butte Creek Farms (M) 216 219 219 219 219 219 
    Butte Creek Farms (P) 348 640 640 640 640 640 
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TABLE 3.3 
 

HISTORICAL CENTRAL VALLEY PROJECT 
DIVERSIONS 

(ac-ft) 
  1998 1999 2000 2001 2002 2003 
    Butte Creek Farms (Y) 36 36 36 36 36 36 
    Cachil Dehe Band of Wintun 
    Indians of the Colusa Indian  
    Community 180 180 180 180 180 180 
    Eastside Mutual Water Company 2,219 3,299 2,151 2,226 1,928 2,046 
    Ehrke,  Allen A., et ux 345 350 311 0 311 380 
    Forry, Laurie 1,482 1,288 1,300 1,172 1,515 0 
    Gillaspy, William 0 0 0 0 0 2,814 
    Green Valley Corporation 
    (#14-06-200-5210A) 521 745 1,004 1,632 896 795 
    Green Valley Corporation 
    (14-06-200-5211A) 450 880 0 450 450 239 
    Griffin & Prater Tenancy 
   -in-Common 1,934 2,126 1,507 2,111 2,339 1,615 
    Jansen, Peter & Sandy 0 0 0 0 0 4,370 
    King, Ben 10 14 8 5 8 9 
    King, Laura 11 14 10 5 9 8 
    Mehrhof & Montgomery 
    (Dennis G. Bennett Family 
    Trust) (Swinford Irr.Co.) 80 177 133 139 84 50 
    Nene Ranch, LLC 596 1,258 858 1,222 892 764 
    Otterson, Mike 751 1,545 1,079 1,536 1,134 967 
    Seaver, Charles 66 66 0 66 66 66 
    Sycamore Family Trust (Formerly 
    Olive-Percy-Davis) 20,385 30,128 24,939 25,546 27,553 23,168 
    Tuttle, Charles W. - Trust 0 0 0 0 0 0 
    Wisler, John Jr. 0 0 0 0 0 0 
    ZelMar Ranches 0 0 0 0 0 0 
Subtotal (Non-Organized Area) 33,236 47,341 38,259 38,177 39,842 40,598 
Total Sacramento River Service 
Area 991,448 1,128,649 1,082,127 1,110,621 1,149,792 1,036,255 
COUNTY TOTAL 1,067,709 1,227,053 1,177,013 1,198,044 1,243,442 1,133,687 
 
1These water purveyors or national wildlife refuges serve or include land in both Colusa and Glenn Counties.  Only the 
area in Colusa County is shown. 
 

2This water purveyor serves land in both Colusa and Yolo Counties.  Only the area in Colusa County is shown. 
 
Source:  USBR, 2007 
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TABLE 3.4 
 

WATER USE DISTRIBUTION 
(acres) 

19934 20034 

Water Management Entity/Areas SW Use GW Use  
Mixed 
Use3 

 
Unknown Total SW Use GW Use  

Mixed 
Use 

 
Unknown Total 

Water Purveyors                     
Tehama-Colusa Canal Service Area                     
    4-M Water District 1,147.75 3.98 0.00 2.06 1,153.79 701.91 11.73 299.21 209.37 1,222.22 
    Colusa County Water District2 26,804.94 3,057.83 6,284.37 512.40 36,659.54 25,728.72 7,157.13 4,145.65 825.33 37,856.83 
    Cortina Water District 259.70 0.27 247.30 5.16 512.43 551.34 4.06 0.00 0.00 555.39 
    Davis Water District 1,154.83 2.03 0.00 7.58 1,164.44 1,001.64 2.92 0.00 10.33 1,014.89 
    Glenn Valley Water District 627.89 0.00 0.00 34.03 661.92 450.31 2.34 0.00 5.19 457.83 
    Holthouse Water District 408.07 0.70 0.00 3.39 412.16 515.71 13.39 0.00 170.96 700.07 
    La Grande Water District 1,332.62 0.00 0.00 13.17 1,345.80 1,321.83 0.00 0.00 16.18 1,338.01 
    Myers-Marsh Mutual Water Co. 0.06 265.19 0.00 10.94 276.19 142.23 99.62 0.00 11.25 253.10 
    Westside Water District 10,250.15 1,692.98 867.03 96.49 12,906.66 12,805.32 538.43 777.40 617.85 14,738.99 

Subtotal (Tehama-Colusa Canal 
Service Area) 41,986.01 5,022.99 7,398.70 685.22 55,092.93 43,219.00 7,829.61 5,222.26 1,866.47 58,137.34 
Sacramento River Service Area                     
    Arbuckle Public Utility District 54.71 326.71 0.00 3.27 384.70 72.83 232.49 3.21 6.81 315.34 
    Carter Mutual Water Company 1,160.96 211.50 581.99 4.27 1,958.73 251.94 289.57 1,338.44 2.99 1,882.95 
    City of Colusa Water System 55.19 1,381.52 0.00 2.76 1,439.47 1.62 1,207.95 0.00 10.59 1,220.15 
    Colusa Drain Mutual Water Co.2 22,886.95 2,312.19 4,534.00 176.80 29,909.94 19,148.11 906.16 7,703.07 106.25 27,863.60 
    Glenn Colusa Irrigation District1 77,462.95 696.80 1,188.50 1,324.75 80,673.00 68,316.47 804.83 1,174.74 2,960.13 73,256.17 
    Maxwell Irrigation District 4,516.42 0.28 0.00 15.80 4,532.50 4,667.01 15.92 2.07 5.70 4,690.71 
    Maxwell Public Utility District 10.81 184.52 0.00 3.21 198.55 2.81 153.42 0.00 2.60 158.83 
    Princeton-Codora-Glenn Irrigation 
    District1    5,070.67 63.53 0.00 72.24 5,206.43 3,881.73 108.57 684.15 67.49 4,741.94 
    Provident Irrigation District1    2,011.89 0.00 0.22 0.00 2,012.11 18,684.77 38.70 1,422.69 4,737.18 24,883.34 
    Reclamation District No.1082 30,769.63 117.50 331.49 73.69 31,292.32 26,888.35 55.98 1,530.10 65.12 28,539.55 
    Reclamation District No.10041 14,653.62 75.85 309.94 26.77 15,066.19 12,656.61 103.22 569.90 21.01 13,350.74 
    Roberts Ditch Irrigation Company 1,115.64 180.83 231.06 81.85 1,609.39 888.17 489.22 122.70 118.97 1,619.05 
    Willow Creek Mutual Water Co. 185.68 38.72 1,895.41 0.00 2,119.82 0.00 26.49 2,208.54 1.74 2,236.77 
Subtotal (Sacramento River Service 
Area) 159,955.14 5,589.97 9,072.62 1,785.42 176,403.14 155,460.41 4,432.51 16,759.61 8,106.59 184,759.12 
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TABLE 3.4 
 

WATER USE DISTRIBUTION 
(acres) 

19934 20034 

Water Management Entity/Areas SW Use GW Use  
Mixed 
Use3 

 
Unknown Total SW Use GW Use  

Mixed 
Use 

 
Unknown Total 

Non-Organized Area                     
    NOA-1 62.68 608.19 0.00 8.98 679.85 62.74 465.11 0.00 34.66 562.52 
    NOA-2 853.41 11,667.03 125.74 194.36 12,840.55 4,122.85 4,564.26 3,626.54 334.80 12,648.44 
    NOA-3 705.53 611.76 6.95 7.59 1,331.84 613.60 0.16 695.53 7.86 1,317.16 
    NOA-4 14,799.96 12,216.91 2,271.30 344.82 29,632.99 10,896.17 9,426.08 5,935.17 955.46 27,212.88 
    NOA-5 1,574.65 0.00 0.00 12.41 1,587.07 1,333.32 1.23 0.00 4.32 1,338.87 
    NOA-6 8,986.35 7,781.63 5,494.71 157.76 22,420.43 10,953.65 4,813.96 5,096.00 135.37 20,998.99 
Subtotal (Non-Organized Area) 26,982.58 32,885.52 7,898.70 725.93 68,492.73 27,982.34 19,270.79 15,353.24 1,472.47 64,078.85 
National Wildlife Refuges                     
Colusa National Wildlife Refuge 284.73 0.00 0.38 0.00 285.11 238.98 1.29 0.00 0.00 240.27 
Delevan National Wildlife Refuge 422.37 0.00 0.00 0.00 422.37 523.38 5.74 0.00 0.00 529.12 
Sacramento National Wildlife Refuge1 252.92 0.00 0.00 0.00 252.92 208.85 1.31 0.00 0.00 210.17 
Subtotal (National Wildlife Refuges) 960.03 0.00 0.38 0.00 960.41 971.21 8.34 0.00 0.00 979.55 

TOTAL 229,883.76 43,498.48 24,370.40 3,196.57 300,949.20 227,632.96 31,541.25 37,335.11 11,445.54 307,954.86 
 

1These water purveyors or national wildlife refuges serve or include land in both Colusa and Glenn Counties.  Only the area in Colusa County was used. 
2This water purveyor serves land in both Colusa and Yolo Counties.  Only the area in Colusa County was used. 
3Mixed Use' refers to water user access to both groundwater and surface water and does not imply that both was used in that particular year. 
4Land area provided here is the ‘Net Area,’ which excludes land use categories such as Urban Vacant, Water surfaces, Riparian Vegetation (except for Wildlife refuges), 
Barren land, Fallow/Idle land, and land Not Surveyed. 
 
Sources:  (DWR, 1993), (DWR, 2003a), (USBR, 2007b).  
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TABLE 3.5 
 

WATER USE DISTRIBUTION 
(percent) 

19934 20034 
Water Management Entity/Areas Surface 

Water 
Use 

Ground- 
Water 

Use  
Mixed 
Use3 Unknown 

Surface 
Water 

Use 

Ground- 
Water 

Use  
Mixed 
Use3 Unknown 

Water Purveyors         
Tehama-Colusa Canal Service Area         
    4-M Water District 99.48% 0.35% 0.00% 0.18% 57.43% 0.96% 24.48% 17.13% 
    Colusa County Water District2 73.12% 8.34% 17.14% 1.40% 67.96% 18.91% 10.95% 2.18% 
    Cortina Water District 50.68% 0.05% 48.26% 1.01% 99.27% 0.73% 0.00% 0.00% 
    Davis Water District 99.18% 0.17% 0.00% 0.65% 98.69% 0.29% 0.00% 1.02% 
    Glenn Valley Water District 94.86% 0.00% 0.00% 5.14% 98.36% 0.51% 0.00% 1.13% 
    Holthouse Water District 99.01% 0.17% 0.00% 0.82% 73.67% 1.91% 0.00% 24.42% 
    La Grande Water District 99.02% 0.00% 0.00% 0.98% 98.79% 0.00% 0.00% 1.21% 
    Myers-Marsh Mutual Water Company 0.02% 96.02% 0.00% 3.96% 56.19% 39.36% 0.00% 4.44% 
    Westside Water District 79.42% 13.12% 6.72% 0.75% 86.88% 3.65% 5.27% 4.19% 
Sacramento River Service Area         
    Arbuckle PUD 14.22% 84.93% 0.00% 0.85% 23.10% 73.73% 1.02% 2.16% 
    Carter Mutual Water Company 59.27% 10.80% 29.71% 0.22% 13.38% 15.38% 71.08% 0.16% 
    City of Colusa Water System 3.83% 95.97% 0.00% 0.19% 0.13% 99.00% 0.00% 0.87% 
    Colusa Drain Mutual Water Company2 76.52% 7.73% 15.16% 0.59% 68.72% 3.25% 27.65% 0.38% 
    Glenn Colusa Irrigation District1 96.02% 0.86% 1.47% 1.64% 93.26% 1.10% 1.60% 4.04% 
    Maxwell Irrigation District 99.65% 0.01% 0.00% 0.35% 99.49% 0.34% 0.04% 0.12% 
    Maxwell Public Utility District 5.45% 92.94% 0.00% 1.62% 1.77% 96.59% 0.00% 1.64% 
    Princeton-Codora-Glenn Irrigation District1    97.39% 1.22% 0.00% 1.39% 81.86% 2.29% 14.43% 1.42% 
    Provident Irrigation District1    99.99% 0.00% 0.01% 0.00% 75.09% 0.16% 5.72% 19.04% 
    Reclamation District No.1082 98.33% 0.38% 1.06% 0.24% 94.21% 0.20% 5.36% 0.23% 
    Reclamation District No.10041 97.26% 0.50% 2.06% 0.18% 94.80% 0.77% 4.27% 0.16% 
    Roberts Ditch Irrigation Company 69.32% 11.24% 14.36% 5.09% 54.86% 30.22% 7.58% 7.35% 
    Willow Creek Mutual Water Company 8.76% 1.83% 89.41% 0.00% 0.00% 1.18% 98.74% 0.08% 
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TABLE 3.5 
 

WATER USE DISTRIBUTION 
(percent) 

19934 20034 
Water Management Entity/Areas Surface 

Water 
Use 

Ground- 
Water 

Use  
Mixed 
Use3 Unknown 

Surface 
Water 

Use 

Ground- 
Water 

Use  
Mixed 
Use3 Unknown 

Non-Organized Area         
    NOA-1 9.22% 89.46% 0.00% 1.32% 11.15% 82.68% 0.00% 6.16% 
    NOA-2 6.65% 90.86% 0.98% 1.51% 32.60% 36.09% 28.67% 2.65% 
    NOA-3 52.97% 45.93% 0.52% 0.57% 46.59% 0.01% 52.81% 0.60% 
    NOA-4 49.94% 41.23% 7.66% 1.16% 40.04% 34.64% 21.81% 3.51% 
    NOA-5 99.22% 0.00% 0.00% 0.78% 99.59% 0.09% 0.00% 0.32% 
    NOA-6 40.08% 34.71% 24.51% 0.70% 52.16% 22.92% 24.27% 0.64% 
National Wildlife Refuges         
    Colusa National Wildlife Refuge 99.87% 0.00% 0.13% 0.00% 99.46% 0.54% 0.00% 0.00% 
    Delevan National Wildlife Refuge 100.00 0.00 0.00 0.00 98.92 1.08 0.00 0.00 
    Sacramento National Wildlife Refuge1 100.00% 0.00% 0.00% 0.00% 99.38% 0.62% 0.00% 0.00% 
 

1These water purveyors or national wildlife refuges serve or include land in both Colusa and Glenn Counties.  Only the area in Colusa County was used. 
2This water purveyor serves land in both Colusa and Yolo Counties.  Only the area in Colusa County was used. 
3Mixed Use' refers to water user access to both groundwater and surface water and does not imply that both was used in that particular year. 
4Land area percentage provided here is the percentage of the ‘Net Area,’ which excludes land use categories such as Urban Vacant, Water surfaces, Riparian 
Vegetation (except for Wildlife refuges), Barren land, Fallow/Idle land, and land Not Surveyed. 
 
Sources:  (DWR, 1993), (DWR, 2003a), (USBR, 2007b).  
 

 



TABLE 3.6 
 

1993-2003 WATER SUPPLY INDEX TYPES 
Year Water Year Index Type 
1993 Above Normal 
1994 Critical 
1995 Wet 
1996 Wet 
1997 Wet 
1998 Wet 
1999 Wet 
2000 Above Normal [Average] 
2001 Dry 
2002 Dry 
2003 Above Normal 

Note: 
 
Years in bold are water years used to typify the dry, average, and wet year scenarios for purposes of this 
Technical Memorandum.  Year types are set by first of month forecasts beginning in February and the final 
determination is based on the May 1, 50% exceedance forecast.  Refer to DWR Bulletin 120 for further 
details on how these values are determined. 
 
Source:  DWR, 2005. 

 



TABLE 4.1 
 

CROP COEFFICIENTS 
(ac-ft/ac) 

Parameter Grain Rice Cotton 
Sugar 
Beets Corn 

Dry 
Bean Safflower 

Other 
Field 
Crops Alfalfa Pasture 

Processed 
Tomatoes 

Fresh 
Tomatoes Cucurbits 

Onions 
& 

Garlic Potato 

Other 
Truck 
Crops 

Almonds 
and 

Pistachios 

Other 
Deciduous 

Crops 
Subtropical 

Crops 

Wine and 
Table 

Grapes 
Multi-
Crop 

1998 (Wet) 
Applied Water (acre-feet/acre) 0.28 4.21 2.59 2.16 1.95 1.83 0.00 1.57 3.25 3.39 2.32 0.00 1.01 2.21 0.00 1.84 2.20 2.35 1.49 1.31   
Consumptive Use (ET) (acre-
feet/acre) 1.20 2.50 2.30 2.50 2.00 1.60 1.50 1.65 3.30 3.22 2.00   1.20 2.70   1.70 2.80 2.76 2.70 1.80   
Effective Precipitation (acre-
feet/acre) 1.01 0.10 0.51 1.00 0.64 0.33 1.50 0.56 1.01 0.88 0.40   0.50 1.20   0.40 1.00 1.00 1.40 0.70   
ET Applied Water (acre-feet/acre) 0.19 2.40 1.79 1.50 1.36 1.27   1.09 2.29 2.34 1.60   0.70 1.50   1.30 1.80 1.76 1.30 1.10   
Consumed Fraction 0.70 0.57 0.69 0.70 0.70 0.69   0.69 0.71 0.69 0.69   0.69 0.68   0.71 0.82 0.75 0.87 0.84   
2000 (Average) 
Applied Water (acre-feet/acre) 0.85 5.79 2.87 3.13 2.11 1.94 0.29 1.63 4.45 4.51 2.59 0.00 1.15 3.68 0.00 2.12 3.01 3.23 2.50 1.79   
Consumptive Use (ET) (acre-
feet/acre) 1.50 3.40 2.60 3.10 2.20 1.70 1.90 1.70 3.90 3.73 2.30   1.30 3.30   1.90 3.40 3.20 3.00 2.10   
Effective Precipitation (acre-
feet/acre) 0.91 0.10 0.61 0.90 0.71 0.35 1.70 0.58 0.80 0.63 0.50   0.50 0.80   0.40 0.90 0.81 0.90 0.60   
ET Applied Water (acre-feet/acre) 0.59 3.30 1.99 2.20 1.49 1.35 0.20 1.12 3.10 3.10 1.80   0.80 2.50   1.50 2.50 2.39 2.10 1.50   
Consumed Fraction 0.69 0.57 0.69 0.70 0.71 0.70 0.69 0.68 0.70 0.69 0.69   0.70 0.68   0.71 0.83 0.74 0.84 0.84   
2001 (Dry) 
Applied Water (acre-feet/acre) 0.85 5.96 3.31 0.00 2.52 2.33 0.72 2.05 4.53 5.09 3.19 0.00 1.38 3.82 0.00 2.40 3.38 3.39 2.59 2.14   
Consumptive Use (ET) (acre-
feet/acre) 1.50 3.60 2.70   2.30 1.80 2.10 1.93 4.00 4.12 2.50   1.30 3.40   2.00 3.50 3.30 3.10 2.20   
Effective Precipitation (acre-
feet/acre) 0.91 0.20 0.41   0.52 0.18 1.60 0.44 0.80 0.59 0.30   0.34 0.80   0.30 0.70 0.77 0.90 0.40   
ET Applied Water (acre-feet/acre) 0.59 3.40 2.29   1.78 1.62 0.50 1.48 3.20 3.54 2.20   0.96 2.60   1.70 2.80 2.53 2.20 1.80   
Consumed Fraction 0.70 0.57 0.69   0.71 0.70 0.69 0.72 0.71 0.70 0.69   0.70 0.68   0.71 0.83 0.75 0.85 0.84   
2003 (Baseline) 
Applied Water (acre-feet/acre) 0.43 4.91 3.03 0.00 2.23 1.75 0.00 1.82 4.14 4.41 2.43 0.00 1.14 3.33 0.00 2.83 2.89 3.14 0.00 1.79   
Consumptive Use (ET) (acre-
feet/acre) 1.20 3.10 2.59   2.20 1.70   1.78 3.70 3.66 2.30   1.20 3.00   2.86 3.20 3.04   2.00   
Effective Precipitation (acre-
feet/acre) 0.90 0.30 0.51   0.63 0.50   0.50 0.80 0.64 0.60   0.40 0.70   0.79 0.80 0.70   0.50   
ET Applied Water (acre-feet/acre) 0.30 2.80 2.08   1.58 1.20   1.28 2.90 3.02 1.70   0.80 2.30   2.07 2.40 2.34   1.50   
Consumed Fraction 0.70 0.57 0.69   0.71 0.69   0.70 0.70 0.69 0.70   0.70 0.69   0.73 0.83 0.75   0.84   
Note: 
 
Applied water for rice straw decomposition is accounted for in the consumed fraction, not in the Applied Water coefficient.  
 
Source:  DWR, 2007a 

 



TABLE 4.2 
 

DELIVERY AND DISTRIBUTION SYSTEM CONVEYANCE EFFICIENCIES 

Water Purveyor, Non-Organized Area, or 
Wildlife Refuge Primary Surface Water Source 

Delivery/ 
Distribution 

System 

Conveyance 
Efficiency 

4-M Water District Tehama-Colusa Canal Pipe (Closed) 100.00% 
Colusa County Water District2 Tehama-Colusa Canal Pipe (Closed) 100.00% 
Cortina Water District Tehama-Colusa Canal Pipe (Closed) 100.00% 
Davis Water District Tehama-Colusa Canal Pipe (Closed) 100.00% 
Glenn Valley Water District Tehama-Colusa Canal Pipe (Closed) 100.00% 
Holthouse Water District Tehama-Colusa Canal Pipe (Closed) 100.00% 
La Grande Water District Tehama-Colusa Canal Pipe (Closed) 100.00% 
Myers-Marsh Mutual Water Company Tehama-Colusa Canal Pipe (Closed) 100.00% 
Westside Water District Tehama-Colusa Canal Pipe (Closed) 100.00% 
Carter Mutual Water Company Sacramento River Open Channel 90.00% 
Colusa Drain Mutual Water Company2 Sacramento River Open Channel 90.00% 
Glenn Colusa Irrigation District1 Sacramento River Open Channel 90.00% 
Maxwell Irrigation District Sacramento River Open Channel 90.00% 
Princeton-Codora-Glenn Irrigation District1 Sacramento River Open Channel 90.00% 
Provident Irrigation District1 Sacramento River Open Channel 90.00% 
Reclamation District No. 1082 Sacramento River Open Channel 90.00% 
Reclamation District No. 10041 Sacramento River Open Channel 90.00% 
Roberts Ditch Irrigation Company Sacramento River Open Channel 90.00% 
Arbuckle Public Utility District Groundwater Pipe (Closed) 100.00% 
City of Colusa Water System Groundwater Pipe (Closed) 100.00% 
Maxwell Public Utility District Groundwater Pipe (Closed) 100.00% 
Willow Creek Mutual Water Company1 Groundwater Pipe (Closed) 100.00% 
NOA-13 Surface Water Unknown 97.76% 
NOA-23 Surface Water Unknown 96.45% 
NOA-33 Groundwater Unknown 93.60% 
NOA-43 Groundwater Unknown 86.25% 
NOA-53 Groundwater Unknown 90.18% 
NOA-63 Surface Water Unknown 86.76% 
Colusa National Wildlife Refuge Sacramento River Open Channel 90.00% 
Delevan National Wildlife Refuge Sacramento River Open Channel 90.00% 
Sacramento National Wildlife Refuge1 Sacramento River Open Channel 90.00% 
 
1These water purveyors or national wildlife refuges serve or include land in both Colusa and Glenn Counties.  Only the 
area in Colusa County is shown. 
 
2This water purveyor serves land in both Colusa and Yolo Counties.  Only the area in Colusa County is shown. 
 
3Conveyance Efficiency for the Non-Organized areas estimated by a weighted average (90% for surface water and 100% 
for groundwater) applied to the water source distribution.  
 
Source:  Conveyance efficiency based upon (GCID, 2006) 

 



  1 of 2 

TABLE 4.3 
 

2003 APPLIED WATER AND  
U.S. BUREAU OF RECLAMATION DIVERSIONS 

(ac-ft) 

Water Management Entities/Areas Applied 
Water3 Reported Diversions Difference4 

Water Purveyors    
Tehama-Colusa Canal Service Area       
    4-M Water District 2,370 1,556 814 
    Colusa County Water District2 93,344 50,798 --- 
    Cortina Water District 1,557 899 658 
    Davis Water District 1,921 2,032 -111 
    Holthouse Water District 1,591 2,100 -509 
    La Grande Water District 6,120 6,010 110 
    Glenn Valley Water District 984 417 567 
    Myers-Marsh Mutual Water Company 197 636 -439 
    Westside Water District 36,588 32,907 3,681 
    Glenn-Colusa Irrigation District1 --- 25,711 --- 

Subtotal (Tehama-Colusa Canal Service Area Water 
Purveyors) 144,672 123,066 21,606 
Sacramento River Service Area    
    Arbuckle Public Utility District 173 --- --- 
    Carter Mutual Water Company 5,711 1,538 4,173 
    City of Colusa Water System 354 --- --- 
    Colusa Drain Mutual Water Company2 123,284 39,870 --- 
    Glenn-Colusa Irrigation District1 333,660 642,870 --- 
    Maxwell Irrigation District 24,849 1,319 23,530 
    Maxwell Public Utility District 16 --- --- 
    Princeton-Codora-Glenn Irrigation District1 22,595 55,788 --- 
    Provident Irrigation District1 10,649 54,436 --- 
    Reclamation District No. 1082 108,379 131,366 --- 
    Reclamation District No. 10041 70,866 65,080 --- 
    Roberts Ditch Irrigation Company 5,035 3,390 1,645 
    Willow Creek Mutual Water Company 10,647 --- --- 

Subtotal (Sacramento River Service Area Water 
Purveyors) 716,218 995,657 --- 
Non-Organized Areas       
    NOA-1 97 --- --- 
    NOA-2 27,228 --- --- 
    NOA-3 2,743 --- --- 
    NOA-4 95,085 --- --- 
    NOA-5 7,263 --- --- 
    NOA-6 61,756 --- --- 

Subtotal (Non-Organized Area) 194,173 --- --- 
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TABLE 4.3 
 

2003 APPLIED WATER AND  
U.S. BUREAU OF RECLAMATION DIVERSIONS 

(ac-ft) 

Water Management Entities/Areas Applied 
Water3 Reported Diversions Difference4 

National Wildlife Refuges       
    Colusa National Wildlife Refuge 453 --- --- 
    Delevan National Wildlife Refuge 1,057 --- --- 
    Sacramento National Wildlife Refuge1 896 --- --- 

Subtotal (Wildlife Refuges) 2,407 --- --- 
TOTAL 1,057,469 1,118,723 --- 
 
1These water purveyors or national wildlife refuges serve or include land in both Colusa and Glenn Counties.  Only the area 
in Colusa County is shown. 
 
2This water purveyor serves land in both Colusa and Yolo Counties.  Only the area in Colusa County is shown. 
 
3Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 
land use data (DWR, 2003a) and dividing by the corresponding conveyance efficiency.  The applied water does not include 
applied water used for rice straw decomposition. 
 
4Difference is calculated by subtracting the Reported Diversions from the Applied Water.  Differences are not reported for 
those entities that service Yolo and Glenn Counties in addition to Colusa County. 
 
“---“indicates no data available for this area/not calculated. 
 
Sources:  (DWR, 2003a), (USBR, 2007b), (DWR, 2007a).  
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TABLE 4.4 
 

2003 WATER USE 
(ac-ft) 

Water Management Entity/Area Consumptive 
Use3 

Applied 
Water4 

Excess Applied 
Water5 

Percent 
Return 
Flow6 

Water Purveyors     
Tehama-Colusa Canal Service Area     
    4-M Water District 1,762 2,370 608 25.65 

    Colusa County Water District2 74,091 93,344 19,254 20.63 

    Cortina Water District 1,277 1,557 280 18.00 

    Davis Water District 1,390 1,921 531 27.65 

    Glenn Valley Water District 589 984 395 40.16 

    Holthouse Water District 1,132 1,591 459 28.86 

    La Grande Water District 3,561 6,120 2,560 41.82 

    Myers-Marsh Mutual Water Company 138 197 59 30.02 

    Westside Water District 26,720 36,588 9,868 26.97 

Subtotal (Tehama-Colusa Canal Service Area 
Water Purveyors) 110,658 144,672 34,014 23.51 
Sacramento River Service Area     
    Arbuckle Public Utility District 142 173 30 17.58 

    Carter Mutual Water Company 3,205 5,711 2,506 43.88 

    City of Colusa Water System 254 354 100 28.28 

    Colusa Drain Mutual Water Company2 64,649 123,284 58,635 47.56 

    Glenn Colusa Irrigation District1 177,266 333,660 156,394 46.87 

    Maxwell Irrigation District 12,771 24,849 12,077 48.60 

    Maxwell Public Utility District 9 16 7 41.38 

    Princeton-Codora-Glenn Irrigation District1 11,761 22,595 10,834 47.95 

    Provident Irrigation District1 5,463 10,649 17,132 75.82 

    Reclamation District No.1082 58,219 108,379 50,160 46.28 

    Reclamation District No. 10041 36,553 70,866 34,313 48.42 

    Roberts Ditch Irrigation Company 2,873 5,035 2,162 42.94 

    Willow Creek Mutual Water Company1 6,194 10,647 4,453 41.82 

Subtotal (Sacramento River Service Area Water 
Purveyors) 379,360 716,218 348,804 48.70 
Non-Organized Area     
    NOA-1 66 97 31 32.09 

    NOA-2 19,478 27,228 7,750 28.46 

    NOA-3 1,742 2,743 1,001 36.50 

    NOA-4 52,447 95,085 42,638 44.84 

    NOA-5 3,733 7,263 3,530 48.60 

    NOA-6 33,234 61,756 28,523 46.19 

Subtotal (Non-Organized Area) 110,700 194,173 83,473 42.99 
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TABLE 4.4 
 

2003 WATER USE 
(ac-ft) 

Water Management Entity/Area Consumptive 
Use3 

Applied 
Water4 

Excess Applied 
Water5 

Percent 
Return 
Flow6 

National Wildlife Refuges     
    Colusa National Wildlife Refuge 285 453 169 37.19 

    Delevan National Wildlife Refuge 669 1,057 389 36.75 

Sacramento National Wildlife Refuge1 477 896 419 46.79 

Subtotal (Wildlife Refuges) 1,430 2,407 976 40.57 

COUNTY TOTAL 602,148 1,057,469 455,321 43.06 
 
1These water purveyors or national wildlife refuges serve or include land in both Colusa and Glenn Counties.  Only the area in 
Colusa County is shown. 
 
2This water purveyor serves land in both Colusa and Yolo Counties.  Only the area in Colusa County is shown. 
 
3Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients 
(DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 
4Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 200 7a)  to the 2003 
land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency (Table 4.2).  The applied water 
does not include applied water used for rice straw decomposition. 
 
5Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water. 
 
6Percent Return Flow is calculated by dividing the Excess Applied Water by the Applied Water.  
 
Sources:  (DWR, 2003a), (USBR, 2007b), (DWR, 2007a).  
 



TABLE 4.5 
 

2003 APPLIED WATER USE BY WATER SOURCE 
Surface Water Groundwater Mixed Unknown 

Crop Area 
(ac) 

Applied Water 
(ac-ft) 

Area 
(ac) 

Applied 
Water 
(ac-ft) 

Area 
(ac) 

Applied 
Water 
(ac-ft) 

Area 
(ac) 

Applied 
Water 
(ac-ft) 

Almonds 25,096 80,307 2,095 6,703 2,646 8,468 395 1,264 
Citrus and Subtropical 13 0 2 0 1 0 29 0 
Other Deciduous 4,286 14,515 3,301 11,181 1,219 4,127  0 
Pistachios 1,080 3,645 40 135 245 827  0 
Vineyards 671 1,437 244 524 1,200 2,571  0 

Permanent Crop Total 31,145 99,904 5,683 18,543 5,311 15,993 425 1,264 
Alfalfa and Alfalfa Mixtures 4,495 20,376 1,805 8,184 2,149 9,744  0 
Beans (dry) 3,069 7,144 771 1,794 734 1,709  0 
Corn (field and sweet) 1,017 2,561 923 2,326 456 1,150  0 
Cotton 2,921 9,656 338 1,119 183 606  0 
Grain 14,708 12,480 8,031 6,814 7,400 6,280 3,602 3,057 
Onions and Garlic 345 1,321 53 201  0  0 
Other Field Crops 2,432 4,998 639 1,312 0 0 104 213 
Other Pasture 3,260 16,583 189 959 286 1,455 250 1,272 
Other Truck Crops 5,747 13,813 2,459 5,912 1,477 3,550  0 
Rice 121,778 726,395 1,127 6,724 13,619 81,237  0 
Safflower 6,969 5,030 1,535 1,108 1,669 1,204 115 83 
Tomatoes 10,429 0 4,635 0 3,887 0  0 

Non-Permanent Crop Total 177,170 820,357 22,504 36,453 31,861 106,933 4,071 4,625 

TOTAL 208,314 920,261 28,187 54,996 37,172 122,926 4,496 5,890 
 
Note: 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and 
dividing by the corresponding water conveyance efficiency.  The applied water does not include applied water used for rice straw decomposition.  
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TABLE 4.6 
 

RICE STRAW DECOMPOSITION 
APPLIED WATER USE 

(ac-ft) 
Water Management Entity/Area Rice Straw Decomposition Applied Water3 

Water Purveyors  
Tehama-Colusa Canal Service Area  
    4-M Water District 0 
    Colusa County Water District2 244 
    Cortina Water District 0 
    Davis Water District 4 
    Glenn Valley Water District 119 
    Holthouse Water District 71 
    La Grande Water District 846 
    Myers-Marsh Mutual Water Company 0 
    Westside Water District 937 
Subtotal (Tehama-Colusa Canal Service Area Water Purveyors) 2,222 
Sacramento River Service Area  
    Arbuckle Public Utility District 0 
    Carter Mutual Water Company 500 
    City of Colusa Water System 0 
    Colusa Drain Mutual Water Company2 15,370 
    Glenn Colusa Irrigation District1 4,404 
    Maxwell Irrigation District 3,387 
    Maxwell Public Utility District 2 
    Princeton-Codora-Glenn Irrigation District1 2,925 
    Provident Irrigation District1 0 
    Reclamation District No.1082 11,971 
    Reclamation District No. 10041 9,630 
    Roberts Ditch Irrigation Company 381 
    Willow Creek Mutual Water Company 1,385 
Subtotal (Sacramento River Service Area Water Purveyors) 49,955 
Non-Organized Area  
    NOA-1 0 
    NOA-2 101 
    NOA-3 65 
    NOA-4 6,807 
    NOA-5 1,000 
    NOA-6 5,174 
Subtotal (Non-Organized Area) 13,148 
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TABLE 4.6 
 

RICE STRAW DECOMPOSITION 
APPLIED WATER USE 

(ac-ft) 
Water Management Entity/Area Rice Straw Decomposition Applied Water3 

National Wildlife Refuges  
   Colusa National Wildlife Refuge 2 
    Delevan National Wildlife Refuge 0 
    Sacramento National Wildlife Refuge1 0 
Subtotal (Wildlife Refuges) 2 
COUNTY TOTAL 65,327 
 

1These water purveyors or national wildlife refuges serve or include land in both Colusa and Glenn Counties.  Only the 
area in Colusa County is shown. 
 
2This water purveyor serves land in both Colusa and Yolo Counties.  Only the area in Colusa County is shown. 
 
3Based upon discussions with DWR, it has been determined reasonable to make assumptions on known cultural practices 
and assume that 100 percent of the rice land is flooded in the winter (November and December) for rice straw 
decomposition with an average 6-inch flooding depth and a 3-inch soil saturation depth (9-inches total).  These values are 
not adjusted for dry, average, or wet year conditions. 
 
Sources:  (DWR, 2003a), (Rivera, 2007). 

 



TABLE 4.7 
 

WET, AVERAGE, AND DRY WATER YEAR SCENARIO 
ESTIMATED APPLIED WATER, CONSUMPTIVE USE OF APPLIED WATER, AND RETURN FLOW 

(ac-ft) 
Wet Year Average Year Dry Year 

Water 
Source 

Consumptive 
Use of 

Applied 
Water1 

Applied 
Water2 

Excess 
Applied 
Water3 

Excess 
Applied 
Water, 

%4 

Consumptive. 
Use of 

Applied 
Water5 

Applied 
Water6 

Excess 
Applied 
Water3 

Excess 
Applied 
Water, 

%4 

Consumptive 
Use of 

Applied 
Water7 

Applied 
Water8 

Excess 
Applied 
Water3 

Excess 
Applied 
Water, 

%4 
Tehama-
Colusa Canal 85,585 113,591 28,006 24.65 116,795 153,826 37,031 24.07 130,392 153,624 23,232 15.12 
Sacramento 
River 311,551 588,720 277,169 47.08 427,509 808,384 380,875 47.12 440,439 820,818 380,380 46.34 
Non-
Organized 
Areas 91,115 161,223 70,108 43.49 124,283 220,374 96,091 43.60 134,727 211,668 76,941 36.35 
Wildlife 
Refuge 1,220 2,071 850 41.06 1,378 2,390 1,012 42.33 1,688 2,795 1,107 39.62 

TOTAL 489,472 865,605 376,133  669,965 1,184,974 515,009  707,246 1,188,906 481,660  
 

1Consumptive Use for Wet Year is calculated by applying the 1998 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

2Applied Water for Wet Year is calculated by applying the 1998 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use  data (DWR, 2003a) and dividing by the corresponding water 
conveyance efficiency (Table 4.2).  Applied water total does not include applied water for rice straw decomposition. 
 

3Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water in the corresponding year. 
 

4Percent Excess Applied Water is calculated by dividing the Excess Applied Water by the Applied Water in the corresponding year.  
 

5Consumptive Use for Average Year is calculated by applying the 2000 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

6Applied Water for Average Year is calculated by applying the 2000 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and divid ing by the corresponding 
water conveyance efficiency (Table 4.2).  Applied water total does not include applied water for rice straw decomposition. 
 

7Consumptive Use for Dry Year is calculated by applying the 2001 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

8Applied Water for Dry Year is calculated by applying the 2001 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding  water 
conveyance efficiency (Table 4.2).  Applied water total does not include applied water for rice straw decomposition. 
2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  This was done because 2003 land use data is the best available data.  2003 is classified in the DWR water supply 
index as an ‘above normal’ water year.   The year 2000 is used as ‘average’ for this study; however it is also classified as ‘above normal’ in the DWR water supply index.  As explained previously, there 
is no specific classification for an ‘average’ year in the DWR Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the 
DWR crop coefficients, which are adjusted for monthly climatic factors and cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years 
are classified as ‘above normal’ years.  The applied water and evapotranspiration of applied water coefficients for 2000 is much greater than for 2003.  Therefore, in the water use analysis, the 2003 
applied water and evapotranspiration of applied water values will be lower than for the average year. 
 

Sources:  (DWR, 2003a), (DWR, 2007a). 
 



TABLE 4.8 
 

PERMANENT AND NON-PERMANENT CROP CONSUMPTIVE USE OF APPLIED WATER 
(ac-ft) 

Permanent Crops Non-Permanent Crops Total 
Water Source 
  20031 

Wet 
Year2 

Avg. 
Year3 

Dry 
Year4 20031 

Wet 
Year2 

Avg. 
Year3 

Dry 
Year4 20031 

Wet 
Year2 

Avg. 
Year3 

Dry 
Year4 

Tehama-Colusa 
Canal 72,674 54,316 75,166 84,247 37,985 31,270 41,629 46,145 110,658 85,585 116,795 130,392 
Sacramento River 6,339 4,768 6,501 6,970 373,021 317,725 436,044 448,987 379,360 322,493 442,545 455,957 
Non-Organized 
Area 21,575 16,209 22,175 23,923 89,125 74,906 102,108 110,804 110,700 91,115 124,283 134,727 
Wildlife Refuge 0 0 0 0 1,430 1,220 1,378 1,688 1,430 1,220 1,378 1,688 

COUNTY 
TOTAL 100,588 75,292 103,842 115,140 501,561 425,121 581,159 607,624 602,148 500,414 685,001 722,764 

 

12003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  This was done because 2003 land use data is the best available data.  2003 is classified 
in the DWR water supply index as an ‘above normal’ water year.   The year 2000 is used as ‘average’ for this study; however it is also classified as ‘above normal’ in the 
DWR water supply index.  As explained previously, there is no specific classification for an ‘average’ year in the DWR Bulletin 120 water supply index; instead ‘average’ 
would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly climatic factors and 
cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The 
applied water and evapotranspiration of applied water coefficients for 2000 is much greater than for 2003.  Therefore, in the water use analysis, the 2003 applied water and 
evapotranspiration of applied water values will be lower than for the average year.   
 
2Consumptive Use for Wet Year is calculated by applying the 1998 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data 
(DWR, 2003a). 
 
3Consumptive Use for Average Year is calculated by applying the 2000 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data 
(DWR, 2003a). 
 
4Consumptive Use for Dry Year is calculated by applying the 2001 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data 
(DWR, 2003a). 
 
Sources:  (DWR, 2003a), (DWR, 2007a)  

 



TABLE 4.9 
 

COLUSA COUNTY URBAN AREA GROUNDWATER PUMPAGE DATA AND  
ESTIMATED AVERAGE ANNUAL URBAN WATER DEMAND RATE 
Population 

Annual Groundwater Use 
(ac-ft) Town or 

City 
Water 

Purveyor 

 

19
87

1 

 

20
00

 

 

20
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1 
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20
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20
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20
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20
06

 

A
vg

. 
20

02
-

Average 
Annual Urban 
Water Use Per 

Capita 
(ac-ft/year/)3 

Estimated 
Current Urban 

Water Use Based 
on Average 

Annual Use Rate 
(ac-ft/year)4 

Projected 2010 
Urban Water 
Use Based on 

Average Annual 
Use Rate 

(ac-ft/year)5 

Arbuckle Arbuckle 
Public Utility 
District 

1,700 2,332 3,200 881 789 850 826 970 863 0.37 863 1,143 

Colusa City of Colusa 5,600 5,402 7,600 1,949 ND 1,625 1,671 1,675 1,730 0.32 1,729 2,714 

Maxwell Maxwell 
Public Utility 
District 

850 ND 1,900 365 371 366 298 298 339 0.40 340 678 

Williams Williams 2,000 3,670 5,400 656 728 802 858 828 774 0.21 771 1,928 
Princeton Princeton 300 ND 400 ND ND ND ND ND ND 0.38 114 143 
Grimes Grimes 300 ND 400 ND ND ND ND ND ND 0.38 114 143 
College 
City 

College City 150 ND 200 ND ND ND ND ND ND 0.38 57 71 

Stonyford-
Lodoga 

Stonyford-
Lodoga 

800 ND 1,000 ND ND ND ND ND ND 0.42 336 357 

Domestic Private 3,100 ND 3,400 ND ND ND ND ND ND 0.36 1,116 1,214 

Total  14,800 21,2722 23,500            
Colusa County Estimated Average Annual Urban Water Use (acre-feet) :   8,392 
ND = No Data 
11987 population data and 2010 population projection data provided in the 1989 Colusa County General Plan (Colusa County, 1989).  
2 (US Census Bureau, 2007). 
3Estimated by using the 2000 Census population (or 1987 population if 2000 is not available) and applying the average (2002-2006) groundwater use data for each city or 
town.  For those towns that do not have groundwater pumpage data, an estimated groundwater pump was used based on relative population:  The average Maxwell 
groundwater pumpage data was used for Stonyford-Lodoga; A third of the average Maxwell groundwater pumpage data was applied to the population of Princeton and 
Grimes.  A sixth of the average Maxwell groundwater pumpage data to the population of College City.  For the Rural Farm Areas, a non-weighted average of the County 
water use rate per capita was applied.  California Department of Finance population data based upon U.S. Census Bureau data.  
4Based on the 2000 population (or 1987 if 2000 is not available) (U.S. Census Bureau, 2007) (Colusa County, 1989).  Calculated by applying the average annual urban water 
use rate per capita to the population data. 
5Based on the 2010 population projection (Colusa County, 1989).  Calculated by applying the average annual urban water use rate to the projected populations. 
6 The County average was determined by taking the average of all of the estimated average water use. 
 

Sources:  2000 Population Data:  (U.S. Census Bureau, 2000).  Groundwater Pumpage Data:  (Arbuckle Public Uti lity District, 2007), (City of Colusa, 2007), (Maxwell 
Public Utility District, 2007), (Williams, 2007). 
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TABLE 5.1 
 

WATER PURVEYOR, NON-ORGANIZED AREA, AND  
WILDLIFE REFUGE AREA 

LAND USE, WATER SOURCE, WATER USE, AND  
WATER USE SCENARIO SUMMARY 

Water Purveyor, Non-
Organized Areas, and 

Wildlife Refuges 

 
Predominant Crop 

 
Significant Change in 

Crop (1993-2003) 

 
Primary Water Source 

 
Water Use Scenarios 

 

Tehama-Colusa Canal 
4-M Water District For all three years, the dominant 

crop in this water district is grain 
(over 35 percent of total 
agricultural land in 2003). 

Permanent crop increased from 
1993 to 2003 by 100 percent; 
non-permanent crop decreased 
by 17 percent. 

It is unclear how much water is 
being used and where, as over 90 
percent of the land in 1993 and 
2003 was designated as having 
an unknown water source, the 
second largest source (less than 
10 percent) designated as 
originating from surface water. 

For all scenarios, the total 
applied water and consumptive 
use of almonds was 
approximately four times that of 
grain.  In 2003, almonds only 
comprised 21 percent of the total 
agricultural land. 
 
In all three scenarios in this 
region, alfalfa requires the most 
applied water and uses the most 
water. 
 

Colusa County Water District The dominant crop in this area 
was almonds.  
 

Between 1993 and 2003, there 
was an increase in permanent 
crop and a decrease in non-
permanent crop production.     
 

From 1993 to 2003, most of the 
water use was from surface 
water. 

Almonds required the most 
applied water and used the most 
water in this area. 
 

Cortina Water District The dominant crop in this area 
was almonds. 

Between 1993 and 2003, there 
was an increase in permanent 
crop and a significant decrease 
in non-permanent crop.     
 

From 1993 to 2003, most of the 
water use was designated as an 
‘Unknown’ water source. 
 

Almonds required the most 
applied water and used the most 
water in this area. 
 

Davis Water District The dominant crop in this area 
was tomatoes and other truck 
crops. 

Between 1993 and 2003, there 
was an increase in permanent 
crop and a significant decrease 
in non-permanent crop.     
 

In 2003 most of the water use 
was designated as an ‘Unknown’ 
water source, however based 
upon the 1993 survey, the 
majority of the water use was 
surface water. 
 

Tomatoes required more water 
than the truck crops in this area 
(there is a greater area of truck 
crops in this region). 
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TABLE 5.1 
 

WATER PURVEYOR, NON-ORGANIZED AREA, AND  
WILDLIFE REFUGE AREA 

LAND USE, WATER SOURCE, WATER USE, AND  
WATER USE SCENARIO SUMMARY 

Water Purveyor, Non-
Organized Areas, and 

Wildlife Refuges 

 
Predominant Crop 

 
Significant Change in 

Crop (1993-2003) 

 
Primary Water Source 

 
Water Use Scenarios 

Glenn Valley Water District The dominant crop in this area 
was rice. 

Between 1993 and 2003, there 
was an increase in non-
permanent crop and a slight 
increase in permanent crop.     
 

In 2003 most of the water use 
was designated as an ‘Unknown’ 
water source, however based 
upon the 1993 survey, the 
majority of the water use was 
surface water. 
 

Rice was the dominant water use 
in this region. 

Holthouse Water District The dominant crop in this area 
was almonds and rice. 

Between 1993 and 2003, there 
was an increase in permanent 
and non-permanent crop.     

In 2003 most of the water use 
was designated as an ‘Unknown’ 
water source, however based on 
the 1993 survey, the majority of 
the water use was surface water. 
 

Almonds required more water 
than rice. 

La Grande Water District The dominant crop in this area 
was rice. 

Between 1993 and 2003, there 
was very little change in non-
permanent crop and no 
permanent crop.     
 

Between 1993 and 2003 most of 
the water use was surface water. 
 

Rice was the dominant water use 
in this region. 

Myers-Marsh Mutual Water 
Company 

Between 1993 and 2003, this 
area is mostly non-permanent 
crops, primarily tomatoes and 
grain. 
 

Between 1993 and 2003, the 
most significant crop changes 
were the complete removal of 
safflower and other truck crops 
and the plantings of tomatoes 
and grain. 
 

In 1993 most of the water use 
was groundwater; In 2003, most 
of the water use was surface 
water. 

Tomatoes were the dominant 
users of water. 

Westside Water District In 2003, the dominant permanent 
crop was almonds. 
 
 

From 1993 to 2003 permanent 
crop increase significantly and 
non-permanent crop decreased. 
 

From 1993 to 2003, the 
dominant water source is surface 
water. 
 

Most of the applied water 
requirement and water used was 
for almonds in all three 
scenarios. 
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TABLE 5.1 
 

WATER PURVEYOR, NON-ORGANIZED AREA, AND  
WILDLIFE REFUGE AREA 

LAND USE, WATER SOURCE, WATER USE, AND  
WATER USE SCENARIO SUMMARY 

Water Purveyor, Non-
Organized Areas, and 

Wildlife Refuges 

 
Predominant Crop 

 
Significant Change in 

Crop (1993-2003) 

 
Primary Water Source 

 
Water Use Scenarios 

 

Sacramento River 
Arbuckle Public Utility District The dominant crop in this utility 

district was almonds (over 81 
percent of total agricultural land 
in 2003), however in 2003, most 
of the area was urban (46 
percent). 
 

From 1993 to 2003, 0ermanent 
crop increased 28 percent; non-
permanent crop decreased by 60 
percent. 
 

In 2003, between 40-85 percent 
of water supply is groundwater 
(the broad range is due to 
‘Mixed’ and ‘Unknown’ 
designations). 
 

In all three scenarios, almonds 
require the most applied water 
and use the most water in this 
area. 

Carter Mutual Water Company For all three years, the dominant 
crop in this area was rice.  
 

Between 1993 and 2003, there 
was a significant increase in 
permanent crop. 

In 2003, the use of surface water 
and groundwater appeared to be 
evenly distributed. 
 

Production of rice used the most 
water in 1998 and 2003. 
For all three scenarios, rice 
requires the most applied water 
and uses the most water. 
 

City of Colusa Water System Between 1993 and 2003, this 
area was mostly urban. 
 

No significant changes in crop 
area or crop type.  From 1993 to 
2003, safflower and other truck 
crops are planted; tomatoes are 
no longer planted. 
 

In 2003, this area used mostly 
groundwater. 
 

For crop water use, truck crops 
use the largest volume in this 
region, due to its greater area. 

Colusa Drain Mutual Water 
Company 

The dominant crop in this area 
was rice.  
 

Between 1993 and 2003, there 
was a slight increase in 
permanent crop and a decrease 
in non-permanent crop 
production. 
 

From 1993 to 2003, most of the 
water use was from surface 
water. 
 

Rice required the most applied 
water and used the most water in 
this area. 
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TABLE 5.1 
 

WATER PURVEYOR, NON-ORGANIZED AREA, AND  
WILDLIFE REFUGE AREA 

LAND USE, WATER SOURCE, WATER USE, AND  
WATER USE SCENARIO SUMMARY 

Water Purveyor, Non-
Organized Areas, and 

Wildlife Refuges 

 
Predominant Crop 

 
Significant Change in 

Crop (1993-2003) 

 
Primary Water Source 

 
Water Use Scenarios 

Glenn Colusa Irrigation District From 1993 to 2003 rice was the 
dominant crop. 

The most significant change in 
crop type is the increase in 
onions and garlic, cotton, as well 
as almonds and other deciduous 
trees.  Rice acreage changed 
very little. 
 

From 1993 to 2003, water use 
was mostly surface water. 

Most of the applied water 
requirement and water used was 
for rice in all three scenarios. 

Maxwell Irrigation District The dominant crop in this area 
was rice. 

Between 1993 and 2003, there 
was very little change in non-
permanent crop and permanent 
crop. 
 

Between 1993 and 2003 most of 
the water use was surface water. 
 

Most of the applied water 
requirement and water used was 
for rice in all three scenarios. 

Maxwell Public Utility District This region is mostly urban with 
some rice plantings. 

Between 1993 and 2003, this 
area is mostly urban, with less 
than 10 acres for rice. 
 

Between 1993 and 2003 most of 
the water use was groundwater. 

For crop water use, water was 
used largely for rice. 

Princeton-Codora-Glenn 
Irrigation District    

From 1993 to 2003 rice was the 
dominant crop. 

Insignificant acreage change for 
rice between 1993 and 2003.  
Increases in non-permanent 
crops and decreases in 
permanent crops. 
 

From 1993 to 2003, water use 
was mostly surface water. 

Most of the applied water 
requirement and water used was 
for rice in all three scenarios. 

Provident Irrigation District    From 1993 to 2003 rice was the 
dominant crop. 

Insignificant crop land use 
changes. 

From 1993 to 2003, water use 
was mostly surface water. 

Most of the applied water 
requirement and water used was 
for rice in all three scenarios. 
 

Reclamation District 108 Between 1993 and 2003, this 
area is mostly non-permanent 
crops, primarily rice. 

Some increase in dry bean 
plantings; no other significant 
changes. 

In 1993 and 2003, most of the 
water use was surface water. 
 

Most of the applied water 
requirement and water used was 
for rice in all three scenarios. 
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TABLE 5.1 
 

WATER PURVEYOR, NON-ORGANIZED AREA, AND  
WILDLIFE REFUGE AREA 

LAND USE, WATER SOURCE, WATER USE, AND  
WATER USE SCENARIO SUMMARY 

Water Purveyor, Non-
Organized Areas, and 

Wildlife Refuges 

 
Predominant Crop 

 
Significant Change in 

Crop (1993-2003) 

 
Primary Water Source 

 
Water Use Scenarios 

Reclamation District 1004 From 1993 to 2003 rice was the 
dominant crop. 

Significant decrease in 
permanent crops. 

From 1993 to 2003, water use 
was mostly surface water. 

Most of the applied water 
requirement and water used was 
for rice in all three scenarios. 
 

Roberts Ditch Irrigation 
Company 

In 1993, grain was the dominant 
crop; in 2003 rice became the 
dominant crop. 
 

Significant increase in rice 
acreage. 

In 1993 most of the water use 
was surface water; in 2003, 
water use was mostly 
categorized as ‘Unknown.’ 
 

Most of the applied water 
requirement and water used was 
for rice in all three scenarios. 

Willow Creek Mutual Water 
Company 

From 1993 to 2003 rice was the 
dominant crop. 

 From 1993 to 2003, the 
dominant water source is likely 
groundwater. 

Most of the applied water 
requirement and water used was 
for rice in all three scenarios. 

NOA-1 The dominant crop in this area 
were almonds, however most of 
the area was urban. 
 

From 1993 to 2003, permanent 
crop decreased by 100 percent, 
with a complete elimination by 
2003. 
 
From 1993 to 2003, the urban 
areas decreased. 
From 1993 to 2003, non-
permanent crop decreased very 
little. 
 

This region uses mostly 
groundwater. 
 

In all three scenarios, almonds 
require the most applied water 
and use the most water in this 
area. 
 

NOA-2 The dominant crop in this area 
was tomatoes and grain. 
 

From 1993 to 2003, permanent 
crop increased by significantly. 

Significantly more surface water 
and less groundwater were used 
from 1993 to 2003. 

In all three scenarios, almonds 
require the most applied water 
and use the most water in this 
area. 
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TABLE 5.1 
 

WATER PURVEYOR, NON-ORGANIZED AREA, AND  
WILDLIFE REFUGE AREA 

LAND USE, WATER SOURCE, WATER USE, AND  
WATER USE SCENARIO SUMMARY 

Water Purveyor, Non-
Organized Areas, and 

Wildlife Refuges 

 
Predominant Crop 

 
Significant Change in 

Crop (1993-2003) 

 
Primary Water Source 

 
Water Use Scenarios 

NOA-3 The dominant crop in this area 
was tomatoes and grain.  
 

As of 2003, there were no 
permanent crops in this area.   
As of 2003, no urbanization had 
occurred in this area. 

1998 and 2003 indicated an 
unknown dominant water source 
for this area.   
 

In all three scenarios, tomatoes 
require the most applied water 
and use the most water in this 
area. 
 

NOA-4 The dominant crop in this area 
was rice. 

Between 1993 and 2003, there 
was a slight decrease in 
permanent crop production.    

This area uses fairly equal parts 
surface water and groundwater. 

Rice requires the most applied 
water and uses the most water in 
all three scenarios. 
 

NOA-5 The only crop in this area was 
rice.  
 

Between 1993 and 2003, there 
was no permanent crop. 
 

Most of the water source in 2003 
was surface water (86 percent). 
 

Rice requires the most applied 
water and uses the most water in 
all three scenarios. 
 

NOA-6 For all three years, the dominant 
crop in this area was rice.  
 

Between 1993 and 2003, there 
was a decline in permanent crop. 
 

In 2003, more surface water was 
reported, however this would 
change depending on the actual 
source used in the ‘Mixed’ and 
‘Unknown’ categories. 

Production of rice used the most 
water in 1998 and 2003. 
 
For all three scenarios, rice 
requires the most applied water 
and uses the most water. 
 

Colusa National Wildlife Refuge The dominant crop in this area 
was field crops. 
 

Between 1993 and 2003, there 
was decrease in rice land 
production, when land was 
converted to a federal wildlife 
refuge. 
 

From 1993 to 2003, most of the 
water use was from surface 
water. 

Field crops required the most 
applied water and used the most 
water in this area. 

Delevan National Wildlife 
Refuge 

The dominant crop in this area 
was field crops. 

Between 1993 and 2003, there 
was an increase in non-
permanent crop; there was no 
permanent crop in this region.     
 

In 2003 most of the water use 
was designated as an ‘Unknown’ 
water source, however based on 
the 1993 survey, the majority of 
the water use was surface water. 
 

Most applied water was required 
for field crops. 
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TABLE 5.1 
 

WATER PURVEYOR, NON-ORGANIZED AREA, AND  
WILDLIFE REFUGE AREA 

LAND USE, WATER SOURCE, WATER USE, AND  
WATER USE SCENARIO SUMMARY 

Water Purveyor, Non-
Organized Areas, and 

Wildlife Refuges 

 
Predominant Crop 

 
Significant Change in 

Crop (1993-2003) 

 
Primary Water Source 

 
Water Use Scenarios 

Sacramento National Wildlife 
Refuge 

From 1993 to 2003 rice was the 
dominant crop. 

Non-permanent crop decreased 
slightly. 

From 1993 to 2003, water use 
was mostly surface water. 

Most of the applied water 
requirement and water used was 
for rice in all three scenarios. 
 

Note: 
 
Detailed data for each water purveyor, non-organized area, and wildlife refuge including land use, water source distribution, water use, and water use scenario, is included in Appendix A. 
 
Sources:  Land use data from:  DWR 1993; DWR 1998; DWR, 2003a.  Applied water and evapotranspiration of applied water crop coefficients from:  DWR 2007a.  
 
The estimate for the conveyance efficiency for the open channel distribution system is based upon the January 2006 Stony Creek Fan Conjunctive Water Management Program Feasibility 
Investigation Technical Memorandum No. 3, Land Use, Water Demands, and Supplies (GCID, 2006). 

 



 
 
 
 
 
 
 

FIGURES 



 
APPENDIX A – FIGURE 3.1 

 
2003 COLUSA COUNTY WATER SOURCE DISTRIBUTION 

 
 
 
 
 

Groundwater
18%

Surface Water
66%

 Unknown
3%

Mixed Use
13%

 ‘Mixed Use' refers to water user access to both groundwater and surface water and does not 
imply that both was used in that particular year. 
 
Sources:  (DWR, 2003a) 



 
APPENDIX A – FIGURE 3.2  

 
2003 NOA WATER SOURCE DISTRIBUTION 

 
 
 

Unknown, 2%

Mixed Use, 21%

Groundwater, 31%

Surface Water, 46%

‘Mixed Use' refers to water user access to both groundwater and surface water 
and does not imply that both was used in that particular year. 
 
Sources:  (DWR, 2003a) 



 

WET
(Greater Than or Equal 

to 9.2 MAF)

ABOVE NORMAL
(Greater Than  7.8 MAF 
and Less Than 9.2 MAF)

BELOW NORMAL
(Greater Than 6.5 MAF 

or Equal to or Less Than 
7.8 MAF)

DRY (Greater Than 5.4 
MAF or Equal to or Less 

Than 6.5 MAF)

CRITICAL (Less Than 
or Equal to 5.4 MAF)

Sacramento Valley Water Year Hydrologic Classification

YEAR TYPE
All Years for All Objectives

Source:  California Water Plan Update, 2005 MAF = Million Acre-Feet

APPENDIX A – FIGURE 3.3  
 

SACRAMENTO VALLEY WATER YEAR HYDROLOGIC 
CLASSIFICATION 
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Farmland of Statewide Importance

Unique Farmland

Farmland of Local Importance
Definitions:
Prime Farmland (P)
Farmland with the best combination of physical and chemical
features able to sustain long term agricultural production.
This land has the soil quality, growing season, and moisture
supply needed to produce sustained high yields. Land must
have been used for irrigated agricultural production at some
time during the four years prior to the mapping date.

Farmland of Statewide Importance (S)
Farmland similar to Prime Farmland but with minor shortcomings,
such as greater slopes or less ability to store soil moisture. Land
must have been used for irrigated agricultural production at some
time during the four years prior to the mapping date.

Unique Farmland (U)
Farmland of lesser quality soils used for the production of the
state's leading agricultural crops. This land is usually irrigated,
but may include nonirrigated orchards or vineyards as found in
some climatic zones in California. Land must have been cropped
at some time during the four years prior to the mapping date.

Farmland of Local Importance (L)
The following lands are to be included in the Farmland of Local
Importance category: All farmable lands within Colusa County that
do not meet the definitions of Prime, Statewide, or Unique, but
are currently irrigated pasture or nonirrigated crops; or nonirrigated
land with soils qualifying for Prime Farmland or Farmland of
Statewide Importance; or lands that would have Prime or Statewide
designation and have been improved for irrigation but are now idle;
or lands with a General Plan Land Use designation for agricultural
purposes; and lands that are legislated to be used only for
agricultural (farmland) purposes.
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APPENDIX A 
Tables A.1 Through A.124 



LAND USE, WATER SOURCE, WATER USE, AND WATER USE 

SCENARIOS FOR EACH WATER PURVEYOR, NON-ORGANIZED AREA, 

AND WILDLIFE REFUGE 
 

The land use data available for Colusa County for all three years was extracted and categorized 

for each water purveyor, wildlife refuge, and non-organized area boundary.  Land use was 

grouped into three main categories: 

 

• Agricultural land, which was summarized into crop subcategories used by 

DWR in its crop coefficient data and into permanent and non-permanent crops. 

 

• Domestic, municipal, and industrial land. 

 

• Areas that are excluded from the net area, which includes land use designations:  

water surface, fallow/idle land, barren land, native vegetation (excludes wildlife 

refuges), vacant land, and land that was not surveyed. 

 

The water source distribution, water use, and water use scenarios were determined in the same 

manner as for the overall County discussed previously. 
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4-M WATER DISTRICT 
 

4-M Water District obtains surface water from the Tehama-Colusa Canal and also has access 

to groundwater.  The following summarizes the land use, water source distribution, water 

use, and water use scenario analyses: 

 

• Permanent crop increased from 1993 to 2003 by 100 percent; non-permanent 

crop decreased by 17 percent. 

 

• For all three years, the dominant crop in this water district is grain (over 

35 percent of total agricultural land in 2003). 

 

• Although there was no net increase in gross area from 1993 to 2003, there was 

an increase in production land. 

 

• It is unclear how much water is being used and where, as over 90 percent of 

the land in 1993 and 2003 was designated as having an unknown water source, 

the second largest source (less than 10 percent) designated as originating from 

surface water. 

 

• For all scenarios, the total applied water and consumptive use of almonds was 

approximately four times that of grain.  In 2003, almonds only comprised 

21 percent of the total agricultural land. 

 

• In all three scenarios, alfalfa requires the most applied water and uses the most 

water. 
 



TABLE A.1 
 

4-M WATER DISTRICT LAND USE (1993-2003) 
Area (ac) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 0.00 188.21 260.57 260.57 100.00% 
Other Deciduous Crops 0.00 0.36 0.00 0.00 0.00% 
Pistachios 0.00 0.00 0.00 0.00 0.00% 
Total Citrus and Subtropical 0.00 1.22 0.00 0.00 0.00% 
Total Vineyards 0.00 0.00 0.00 0.00 0.00% 
Subtotal 0.00 189.79 260.57 260.57 100.00% 
Non-Permanent Crops      
Alfalfa and Alfalfa Mixtures 223.84 247.92 229.93 6.10 2.72% 
Beans (dry) 103.24 45.07 97.87 -5.38 -5.21% 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00% 
Cotton 0.00 0.00 0.03 0.03 100.00% 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00% 
Other Field Crops 0.00 154.65 36.30 36.30 100.00% 
Other Pasture 0.00 0.00 0.00 0.00 0.00% 
Other Truck Crops 77.48 103.93 85.30 7.83 10.10% 
Rice Land (Production) 2.72 0.00 0.24 -2.48 -91.09% 
Safflower 78.20 0.67 61.61 -16.59 -21.22% 
Sugar Beets 0.00 0.00 0.00 0.00 0.00% 
Tomatoes 0.00 143.77 0.00 0.00 0.00% 
Total Grain 662.27 482.23 428.74 -233.54 -35.26% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 

2.06 11.23 9.91 7.84 380.35% 

Subtotal 1,149.81 1,189.48 949.93 -199.88 -17.38% 
TOTAL – AGRICULTURE 1,149.81 1,379.26 1,210.50 60.69 5.28% 
TOTAL - DOMESTIC & M&I 3.98 5.75 11.73 7.74 194.38% 
OTHER      
Urban Vacant1 0.00 50.36 39.57 39.57 100.00% 
Not Surveyed2 0.00 0.00 0.00 0.00 0.00% 
Total Barren 0.00 0.00 0.00 0.00 0.00% 
Total Fallow/Idle 257.18 0.00 264.32 7.13 2.77% 
Total Native, Riparian Vegetation-Excludes 
Wildlife Refuges 

17,920.45 17,900.10 17,795.18 -125.27 
-0.70% 

Total Water 60.02 55.97 70.16 10.14 16.89% 

TOTAL - OTHER 18,237.66 18,006.43 18,169.23 -68.43 -0.38% 

TOTAL - GROSS AREA 19,391.45 19,391.45 19,391.45 0.00 0.00% 

TOTAL - NET AREA3  1,153.79 1,385.02 1,222.22 68.43 5.93% 
1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within urban areas), railroad 
right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, tennis court areas, auto sales lots), and airport 
runways. 
 
2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 

3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003a.. 
 



TABLE A.2 
 

4-M WATER DISTRICT WATER SOURCE DISTRIBUTION (1993-2003) 
Water Source 1993 1998 2003 

Surface Water 1,458.41 7.52% 55.97 0.29% 787.42 4.06% 
Groundwater 3.98 0.02% 5.75 0.03% 11.73 0.06% 
Mixed Use 6.54 0.03% 0.00 0.00% 299.21 1.54% 
Unknown 17,922.52 92.42% 19,329.72 99.68% 18,293.10 94.34% 
TOTAL 19,391.45 100.00% 19,391.45 100.00% 19,391.45 100.00% 
Note: 
 
Mixed Use refers to water user access to both groundwater and surface water and does not imply that both were 
used in that particular year. 
 
Sources:  (DWR, 1993), (DWR, 1998), (DWR, 2003). 
 

 



TABLE A.3 
 

4-M WATER DISTRICT APPLIED WATER AND CONSUMPTIVE USE 
(ac-ft) 

2003 
Land Use 

Applied Water Consumptive 
Use 

Excess Applied 
Water 

Alfalfa and Alfalfa Mixtures 952.26 666.81 285.46 
Almonds 753.35 625.28 128.07 
Beans (dry) 170.88 117.44 53.44 
Corn (field and sweet) 0.00 0.00 0.00 
Cotton 0.10 0.07 0.03 
Onions and Garlic 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 
Other Field Crops 65.98 46.37 19.61 
Other Pasture 0.00 0.00 0.00 
Other Truck Crops 241.51 176.78 64.73 
Pistachios 0.00 0.00 0.00 
Rice Land (Production) 1.19 0.68 0.51 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 
Total Grain 184.89 128.81 56.08 
Total Vineyards 0.00 0.00 0.00 
TOTAL 2,370.16 1,762.23 607.94 
Notes: 
Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use. 
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  
to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The 
applied water does not include applied water used for rice straw decomposition. 
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.    

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  
In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% 
(GCID, 2006). 

 



TABLE A.4 
 

4-M WATER DISTRICT WET, AVERAGE, AND DRYYEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Alfalfa and Alfalfa Mixtures 747.19 527.01 220.18 1,023.83 712.33 311.50 1,042.35 735.79 306.57 
Almonds 572.06 468.83 103.23 785.41 651.42 133.99 879.55 729.40 150.14 
Beans (dry) 179.16 124.23 54.93 189.83 132.06 57.78 227.79 158.64 69.15 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cotton 0.08 0.06 0.03 0.09 0.06 0.03 0.11 0.07 0.03 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Field Crops 56.98 39.58 17.40 59.24 40.51 18.73 74.59 53.84 20.75 
Other Pasture 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Truck Crops 156.79 110.89 45.90 180.91 127.95 52.96 205.03 145.01 60.02 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rice Land (Production) 1.02 0.58 0.44 1.40 0.80 0.60 1.45 0.82 0.62 
Safflower 0.00 0.00 0.00 17.77 12.32 5.45 44.47 30.80 13.66 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Grain 120.23 83.58 36.65 366.47 254.30 112.17 363.80 254.83 108.97 
Total Vineyards 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
TOTAL 1,833.51 1,354.75 478.76 2,624.97 1,931.76 693.21 2,839.13 2,109.21 729.92 
Notes: 
According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005).  
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water 
conveyance efficiency.  The applied water does not include applied water used for rice straw decomposition.  
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water. 
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento 
River, it is assumed to be 90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above 
normal’ water year.  The year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific 
classification for an ‘average’ year in the DWR Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon estimating the DWR crop 
coefficients, which are adjusted for monthly climatic factors and cultural practices specific to the given year, the 2000 and 2003 years dif fer greatly in crop coefficients, even though both years are 
classified as ‘above normal’ years.  The applied water and evapotranspiration of applied water coefficients for 2000 is much greater than for 2003.  Therefore , in the water use analysis, the 2003 
applied water and consumptive use requirements are lower than for what is determined for the average year . 

 



COLUSA COUNTY WATER DISTRICT 
 

The users in the Colusa County Water District access surface water from the Tehama-Colusa 

Canal and groundwater.  The following summarizes the land use, water source distribution, 

water use, and water use scenario analyses: 

 

• Between 1993 and 2003, there was an increase in permanent crop and a 

decrease in non-permanent crop production. 

 

• From 1993 to 2003, most of the water use was from surface water. 

 

• The dominant crop in this area was almonds. 

 

• Almonds required the most applied water and used the most water in this area. 
 

 



TABLE A.5 
 

COLUSA COUNTY WATER DISTRICT LAND USE (1993-2003) 
Area (ac) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 16,509.28 21,001.32 21,438.07 4,928.79 29.85% 
Other Deciduous Crops 392.87 662.48 512.07 119.20 30.34% 
Pistachios 688.73 932.27 892.34 203.61 29.56% 
Total Citrus and Subtropical 170.67 45.13 37.01 -133.67 -78.32% 
Total Vineyards 1,171.92 1,444.29 1,415.62 243.70 20.80% 
Subtotal 18,933.46 24,085.49 24,295.10 5,361.63 28.32% 
Non-Permanent Crops      
Alfalfa and Alfalfa Mixtures 1,296.46 1,177.18 1,398.02 101.56 7.83% 
Beans (dry) 360.26 84.23 0.00 -360.26 -100.00% 
Corn (field and sweet) 135.67 140.00 64.94 -70.73 -52.13% 
Cotton 0.00 626.73 36.88 36.88 100.00% 
Onions and Garlic 11.24 358.95 62.33 51.09 454.43% 
Other Field Crops 197.87 82.79 248.45 50.58 25.56% 
Other Pasture 213.91 131.03 269.59 55.68 26.03% 
Other Truck Crops 2,116.96 2,143.94 1,755.97 -360.99 -17.05% 
Rice Land (Production) 178.10 355.97 325.88 147.78 82.97% 
Safflower 982.26 4.13 186.16 -796.10 -81.05% 
Sugar Beets 120.06 51.30 0.00 -120.06 -100.00% 
Tomatoes 3,018.77 2,920.66 3,384.57 365.79 12.12% 
Total Grain 8,290.73 6,145.98 4,558.96 -3,731.77 -45.01% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 

455.69 591.46 515.50 59.81 13.13% 

Subtotal 17,378.00 14,814.36 12,807.26 -4,570.74 -26.30% 
TOTAL - AGRICULTURE 36,311.46 38,899.84 37,102.36 790.90 2.18% 
TOTAL - DOMESTIC & M&I 348.08 0.00 754.47 406.38 116.75% 
OTHER      
Urban Vacant1 281.70 608.06 828.14 546.44 193.98% 
Not Surveyed2 28.82 0.12 0.00 -28.82 -100.00% 
Total Barren 44.01 7.74 229.24 185.23 420.84% 
Total Fallow/Idle 2,735.34 962.91 2,808.88 73.54 2.69% 
Total Native, Riparian Vegetation-Excludes 
Wildlife Refuges 6,253.19 5,140.65 4,354.59 -1,898.60 -30.36% 
Total Water 381.30 0.00 306.12 -75.19 -19.72% 
TOTAL - OTHER 9,724.37 6,719.48 8,526.97 -1,197.40 -12.31% 
TOTAL - GROSS AREA 46,383.91 45,619.32 46,383.80 -0.12 0.00% 

TOTAL - NET AREA3 36,659.54 38,899.84 37,856.83 1,197.28 3.27% 
Note:  Also services Yolo County; Only Colusa County land use data presented here. 

 

1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within 
urban areas), railroad right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, 
tennis court areas, auto sales lots), and airport runways. 
 
2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 
3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not 
Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR, 2003a.  
 



TABLE A.6 
 

COLUSA COUNTY WATER DISTRICT WATER SOURCE DISTRIBUTION (1993-2003) 
Water Source 1993 1998 2003 

Surface Water 29,542.31 63.69% 138.00 0.30% 27,241.08 58.73% 
Groundwater 3,236.54 6.98% 626.60 1.35% 7,157.13 15.43% 
Mixed Use 6,513.08 14.04% 0.00 0.00% 4,309.08 9.29% 
Unknown 7,091.98 15.29% 45,619.32 98.35% 7,676.50 16.55% 
TOTAL 46,383.91 100.00% 46,383.91 100.00% 46,383.80 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both were 
used in that particular year. 
 
Sources:  (DWR, 1993), (DWR, 1998), (DWR, 2003). 
 



TABLE A.7 
 

COLUSA COUNTY DISTRICT APPLIED WATER AND CONSUMPTIVE USE 
(ac-ft) 

2003  
 

Land Use Applied Water Consumptive 
Use 

Excess 
Applied Water 

Alfalfa and Alfalfa Mixtures 5,789.88 4,054.26 1,735.62 
Almonds 61,981.44 51,444.59 10,536.84 
Beans (dry) 0.00 0.00 0.00 
Corn (field and sweet) 145.11 102.28 42.82 
Cotton 111.79 76.58 35.21 
Onions and Garlic 207.76 143.35 64.41 
Other Deciduous Crops 1,607.09 1,197.93 409.16 
Other Field Crops 451.62 317.38 134.25 
Other Pasture 1,188.54 814.56 373.98 
Other Truck Crops 4,971.62 3,639.10 1,332.52 
Pistachios 2,579.91 2,141.33 438.59 
Rice Land (Production) 1,600.83 912.47 688.36 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Tomatoes 8,214.83 5,753.76 2,461.07 
Total Citrus and Subtropical 0.00 0.00 0.00 
Total Grain 1,965.97 1,369.65 596.33 
Total Vineyards 2,527.89 2,123.43 404.46 
TOTAL 93,344.28 74,090.68 19,253.61 
Notes: 
 
Also services Yolo County; Only Colusa County calculations presented here. 
Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  
to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The 
applied water does not include applied water used for rice straw decomposition.  
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.    

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  
In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% 
(GCID, 2006).  

 
 



TABLE A.8 
 

COLUSA COUNTY WATER DISTRICT WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Alfalfa and Alfalfa Mixtures 4,543.01 3,204.26 1,338.75 6,225.03 4,331.06 1,893.96 6,337.62 4,473.66 1,863.95 
Almonds 47,065.70 38,572.87 8,492.83 64,619.18 53,595.16 11,024.02 72,363.93 60,011.05 12,352.88 
Beans (dry) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Corn (field and sweet) 126.52 88.43 38.09 136.99 96.68 40.32 163.60 115.48 48.12 
Cotton 95.45 66.08 29.37 105.93 73.43 32.50 121.94 84.47 37.47 
Onions and Garlic 137.49 93.49 44.00 229.15 155.82 73.33 238.31 162.05 76.26 
Other Deciduous Crops 1,202.64 900.92 301.72 1,654.52 1,222.76 431.77 1,734.33 1,293.11 441.23 
Other Field Crops 390.01 270.89 119.12 405.48 277.27 128.21 510.56 368.54 142.03 
Other Pasture 913.13 630.00 283.14 1,214.54 835.74 378.80 1,371.32 953.14 418.18 
Other Truck Crops 3,227.59 2,282.76 944.82 3,724.14 2,633.96 1,090.18 4,220.69 2,985.15 1,235.54 
Pistachios 1,959.06 1,605.56 353.51 2,689.71 2,230.84 458.86 3,012.07 2,497.90 514.18 
Rice Land (Production) 1,372.14 782.12 590.02 1,886.69 1,075.41 811.28 1,943.86 1,108.00 835.86 
Safflower 0.00 0.00 0.00 53.70 37.23 16.47 134.37 93.08 41.29 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 7,838.63 5,409.83 2,428.80 8,779.63 6,092.22 2,687.41 0.00 7,441.28 -7,441.28 
Total Citrus and Subtropical 55.30 48.11 7.19 92.52 77.71 14.80 95.78 81.41 14.37 
Total Grain 1,278.43 888.71 389.72 3,896.89 2,704.09 1,192.80 3,868.41 2,709.69 1,158.71 
Total Vineyards 1,853.79 1,557.18 296.61 2,527.89 2,123.43 404.46 3,033.47 2,548.11 485.35 

TOTAL 72,058.87 56,401.21 15,657.66 98,241.99 77,562.83 20,679.17 99,150.26 86,926.13 12,224.13 
Notes: 
 

Also services Yolo County; Only Colusa County calculations presented here. 
 

According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005). 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  
The applied water does not include applied water used for rice straw decomposition. 
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water. 
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 
90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   The 
year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in the DWR 
Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly climatic factors and 
cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and evapotranspiration of applied 
water coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is determined for the average year. 

 



CORTINA WATER DISTRICT 
 

The users in the Cortina Water District have access to surface water from the Tehama-Colusa 

Canal and groundwater.  The following summarizes the land use, water source distribution, 

water use, and water use scenario analyses: 

 

• Between 1993 and 2003, there was an increase in permanent crop and a 

significant decrease in non-permanent crop. 

 

• From 1993 to 2003, most of the water use was designated as an ‘Unknown’ 

water source. 

 

• The dominant crop in this area was almonds, which required the most applied 

water and used the most water.  

 



TABLE A.9 
 

CORTINA WATER DISTRICT LAND USE (1993-2003) 
Area (ac) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 270.85 451.50 495.56 224.71 82.96% 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00% 
Pistachios 0.00 0.00 0.00 0.00 0.00% 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00% 
Total Vineyards 0.00 0.00 0.00 0.00 0.00% 
Subtotal 270.85 451.50 495.56 224.71 82.96% 
Non-Permanent Crops      
Alfalfa and Alfalfa Mixtures 58.36 0.00 0.00 -58.36 -100.00% 
Beans (dry) 0.00 89.05 0.00 0.00 0.00% 
Corn (field and sweet) 0.00 0.00 55.74 55.74 100.00% 
Cotton 0.00 0.00 0.00 0.00 0.00% 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00% 
Other Field Crops 0.00 0.00 0.00 0.00 0.00% 
Other Pasture 0.00 0.00 0.00 0.00 0.00% 
Other Truck Crops 0.00 0.00 0.00 0.00 0.00% 
Rice Land (Production) 0.00 0.00 0.00 0.00 0.00% 
Safflower 0.00 0.00 0.00 0.00 0.00% 
Sugar Beets 0.00 0.00 0.00 0.00 0.00% 
Tomatoes 121.79 0.52 0.04 -121.75 -99.97% 
Total Grain 56.27 57.87 0.00 -56.27 -100.00% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 5.16 3.41 0.00 -5.16 -100.00% 
Subtotal 241.58 150.85 55.78 -185.80 -76.91% 
TOTAL – AGRICULTURE 512.43 602.36 551.34 38.91 7.59% 
TOTAL - DOMESTIC & M&I 0.00 2.90 4.06 4.06 100.00% 

OTHER      
Not Surveyed2 0.00 0.00 0.00 0.00 0.00% 
Total Barren 0.00 0.00 0.00 0.00 0.00% 
Total Fallow/Idle 88.77 0.00 0.00 -88.77 -100.00% 
Total Native, Riparian Vegetation-Excludes 
Wildlife Refuges 0.59 0.00 14.44 13.85 2360.07% 
Total Water 13.52 4.04 9.88 -3.63 -26.88% 
Urban Vacant1 0.00 6.01 35.59 35.59 100.00% 
TOTAL - OTHER 102.88 10.05 59.92 -42.96 -41.76% 
TOTAL - GROSS AREA 615.31 615.31 615.31 0.00 0.00% 

TOTAL - NET AREA3 512.43 605.26 555.39 42.96 8.38% 
1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within 
urban areas), railroad right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, 
tennis court areas, auto sales lots), and airport runways. 
 
2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 
3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not 
Surveyed. 
 

Sources:  (DWR, 1993), (DWR, 1998), (DWR, 2003a).  
 



TABLE A.10  
 

CORTINA WATER DISTRICT WATER SOURCE DISTRIBUTION (1993-2003) 
Water Source 1993 1998 2003 

Surface Water 273.22 44.40% 4.04 0.66% 561.22 91.21% 
Groundwater 0.27 0.04% 2.90 0.47% 4.06 0.66% 
Mixed Use 247.30 40.19% 0.00 0.00% 0.00 0.00% 
Unknown 94.52 15.36% 608.37 98.87% 50.03 8.13% 
TOTAL 615.31 100.00% 615.31 100.00% 615.31 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both 
were used in that particular year. 
 
Sources:  DWR, 1993), (DWR, 1998), (DWR, 2003).  



TABLE A.11 
 

CORTINA WATER DISTRICT APPLIED WATER AND CONSUMPTIVE USE 
(ac-ft) 

2003  
 

Land Use Applied Water Consumptive 
Use 

Excess 
Applied 
Water 

Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 
Almonds 1,432.76 1,189.19 243.57 
Beans (dry) 0.00 0.00 0.00 
Corn (field and sweet) 124.55 87.79 36.76 
Cotton 0.00 0.00 0.00 
Onions and Garlic 0.00 0.00 0.00 

Other Deciduous Crops 0.00 0.00 0.00 
Other Field Crops 0.00 0.00 0.00 
Other Pasture 0.00 0.00 0.00 
Other Truck Crops 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 
Rice Land (Production) 0.00 0.00 0.00 
Rice Straw Decomposition (Not Part of the Land Area 
Calculation) 0.00 --- --- 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Tomatoes 0.09 0.06 0.03 
Total Citrus and Subtropical 0.00 0.00 0.00 
Total Grain 0.00 0.00 0.00 
Total Vineyards 0.00 0.00 0.00 
TOTAL 1,557.39 1,277.04 280.35 
Notes: 
Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to 
the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The applied 
water does not include applied water used for rice straw decomposition. 
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.    

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In 
an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% (GCID, 
2006). 
 
 



TABLE A.12 
 

CORTINA WATER DISTRICT WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied Water Consumptive 
Use 

Excess 
Applied 
Water 

Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Almonds 1,087.97 891.65 196.32 1,493.73 1,238.90 254.83 1,672.76 1,387.21 285.55 
Beans (dry) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Corn (field and sweet) 108.59 75.90 32.69 117.58 82.98 34.61 140.42 99.12 41.30 
Cotton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Field Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Pasture 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Truck Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rice Land (Production) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Safflower 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 0.08 0.06 0.03 0.10 0.07 0.03 0.00 0.08 -0.08 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Grain 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Vineyards 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
TOTAL 1,196.64 967.61 229.04 1,611.41 1,321.94 289.46 1,813.18 1,486.41 326.77 
Notes: 
According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005).  
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The 
applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.  
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% 
(GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   The year 
2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in the DWR Bulletin 
120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly climatic factors and cultural 
practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and evapotranspiration of applied water 
coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is determined for the average year. 



DAVIS WATER DISTRICT 
 

The users in the Davis Water District have access to surface water from the Tehama-Colusa 

Canal and groundwater.  The following summarizes the land use, water source distribution, 

water use, and water use scenario analyses: 

 

• Between 1993 and 2003, there was an increase in permanent crop and a 

significant decrease in non-permanent crop. 

 

• In 2003, most of the water use was designated as an ‘Unknown’ water source; 

however, based upon the 1993 survey, the majority of the water use was surface 

water. 

 

• The dominant crop in this area was tomatoes, which required the most applied 

water and used the most water.  

 

 



TABLE A.13 
 

DAVIS WATER DISTRICT LAND USE (1993-2003) 
Land Use Area (ac) 1993-2003 Change 

 1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 6.50 49.84 110.68 104.18 1602.28% 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00% 
Pistachios 0.00 0.00 0.00 0.00 0.00% 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00% 
Total Vineyards 0.00 0.00 0.00 0.00 0.00% 
Subtotal 6.50 49.84 110.68 104.18 1602.28% 
Non-Permanent Crops      
Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00% 
Beans (dry) 3.09 0.01 46.38 43.29 1401.75% 
Corn (field and sweet) 0.00 0.00 18.23 18.23 100.00% 
Cotton 0.00 381.51 109.27 109.27 100.00% 
Onions and Garlic 0.00 0.88 0.00 0.00 0.00% 
Other Field Crops 0.00 0.00 0.00 0.00 0.00% 
Other Pasture 5.61 0.00 0.00 -5.61 -100.00% 
Other Truck Crops 41.19 64.98 143.84 102.65 249.23% 
Rice Land (Production) 0.00 0.00 5.49 5.49 100.00% 
Safflower 0.00 0.00 0.00 0.00 0.00% 
Sugar Beets 0.00 0.00 0.00 0.00 0.00% 
Tomatoes 298.74 523.58 234.26 -64.48 -21.58% 
Total Grain 799.70 232.09 336.50 -463.20 -57.92% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 

7.58 10.21 7.32 -0.26 -3.48% 

Subtotal 1,155.91 1,213.25 901.28 -254.62 -22.03% 
TOTAL – AGRICULTURE 1,162.41 1,263.09 1,011.97 -150.44 -12.94% 
TOTAL – DOMESTIC & M&I 2.03 2.45 2.92 0.89 44.03% 
OTHER      
Urban Vacant1 0.00 27.64 22.71 22.71 100.00% 
Not Surveyed2 0.00 0.00 0.00 0.00 0.00% 
Total Barren 0.00 0.00 0.00 0.00 0.00% 
Total Fallow/Idle 273.48 7.46 238.02 -35.46 -12.97% 
Total Native, Riparian Vegetation-Excludes 
Wildlife Refuges 

489.94 624.87 635.70 145.76 29.75% 

Total Water 25.93 28.26 42.46 16.53 63.78% 
TOTAL –OTHER 789.35 688.23 938.89 149.55 18.95% 
TOTAL –GROSS AREA 1,953.78 1,953.78 1,953.78 0.00 0.00% 
TOTAL – NET AREA3 1,164.44 1,265.55 1,014.89 -149.55 -12.84% 
1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within 
urban areas), railroad right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, 
tennis court areas, auto sales lots), and airport runways. 
 
2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not 
Surveyed. 
 

Sources:  DWR, 1993), (DWR, 1998), (DWR, 2003a).  
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TABLE A.14 
 

DAVIS WATER DISTRICT WATER SOURCE DISTRIBUTION (1993-2003) 
Water Source 1993 1998 2003 

Surface Water 1,454.24 74.43% 28.26 1.45% 1,282.12 65.62% 
Groundwater 2.03 0.10% 2.45 0.13% 2.92 0.15% 
Mixed Use 0.00 0.00% 0.00 0.00% 0.00 0.00% 
Unknown 497.52 25.46% 1,923.07 98.43% 668.74 34.23% 
TOTAL 1,953.78 100.00% 1,953.78 100.00% 1,953.78 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both were 
used in that particular year. 
 
Sources:  (DWR, 1993), (DWR, 1998), (DWR, 2003).   

 



TABLE A.15 
 

DAVIS WATER DISTRICT APPLIED WATER AND CONSUMPTIVE USE 
(ac-ft) 

2003  
 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 
Almonds 320.01 265.60 54.40 
Beans (dry) 80.99 55.66 25.33 
Corn (field and sweet) 40.73 28.71 12.02 
Cotton 331.20 226.89 104.31 
Onions and Garlic 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 
Other Field Crops 0.00 0.00 0.00 
Other Pasture 0.00 0.00 0.00 
Other Truck Crops 407.26 298.10 109.16 
Pistachios 0.00 0.00 0.00 
Rice Land (Production) 26.98 15.38 11.60 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Tomatoes 568.57 398.23 170.34 
Total Citrus and Subtropical 0.00 0.00 0.00 
Total Grain 145.11 101.09 44.02 
Total Vineyards 0.00 0.00 0.00 
TOTAL 1,920.84 1,389.67 531.17 

Notes: 
Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's 
crop coefficients for Applied Water and Consumptive Use. 
Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water 
crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 
2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance 
efficiency.  The applied water does not include applied water used for rice straw decomposition. 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.  
Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa 
Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is 
assumed to be 90% (GCID, 2006).  

 



TABLE A.16 
 

DAVIS WATER DISTRICT WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Almonds 243.00 199.15 43.85 333.62 276.71 56.92 373.61 309.83 63.78 
Beans (dry) 84.91 58.88 26.04 89.97 62.59 27.38 107.96 75.18 32.78 
Corn (field and sweet) 35.51 24.82 10.69 38.45 27.14 11.32 45.92 32.42 13.51 
Cotton 282.79 195.77 87.02 313.83 217.56 96.28 361.26 250.25 111.01 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Field Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Pasture 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Truck Crops 264.39 187.00 77.40 305.07 215.76 89.30 345.74 244.53 101.21 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rice Land (Production) 23.12 13.18 9.94 31.80 18.12 13.67 32.76 18.67 14.09 
Safflower 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 542.53 374.43 168.10 607.66 421.66 186.00 0.00 515.03 -515.03 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Grain 94.36 65.60 28.77 287.63 199.59 88.04 285.53 200.00 85.53 
Total Vineyards 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 1,570.62 1,118.82 451.80 2,008.04 1,439.13 568.91 1,552.79 1,645.92 -93.13 
Notes: 
According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005). 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance 
efficiency.  The applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.  
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed 
to be 90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   
The year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in 
the DWR Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly climatic 
factors and cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and 
evapotranspiration of applied water coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is 
determined for the average year. 



GLENN VALLEY WATER DISTRICT 
 

The users in the Glenn Valley Water District have access to surface water from the Tehama-

Colusa Canal and groundwater.  The following summarizes the land use, water source 

distribution, water use, and water use scenario analyses: 

 

• Between 1993 and 2003, there was an increase in non-permanent crop and a 

slight increase in permanent crop. 

 

• In 2003, most of the water use was designated as an ‘Unknown’ water source; 

however, based upon the 1993 survey, the majority of the water use was surface 

water. 

 

• The dominant crop in this area was rice, which required the most applied water 

and used the most water. 
 

  



TABLE A.17 
 

GLENN VALLEY WATER DISTRICT LAND USE (1993-2003) 
Area (ac) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 0.00 0.00 2.65 2.65 100.00% 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00% 
Pistachios 0.00 0.00 0.00 0.00 0.00% 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00% 
Total Vineyards 0.00 0.00 0.69 0.69 100.00% 
Subtotal 0.00 0.00 3.34 3.34 100.00% 
Non-Permanent Crops      
Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00% 
Beans (dry) 240.56 0.00 0.00 -240.56 -100.00% 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00% 
Cotton 0.00 0.00 0.00 0.00 0.00% 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00% 
Other Field Crops 0.00 0.00 52.62 52.62 100.00% 
Other Pasture 1.48 0.00 0.03 -1.45 -97.78% 
Other Truck Crops 67.28 0.00 0.00 -67.28 -100.00% 
Rice Land (Production) 63.45 84.55 158.22 94.77 149.35% 
Safflower 0.02 0.00 0.00 -0.02 -100.00% 
Sugar Beets 1.05 0.00 0.00 -1.05 -100.00% 
Tomatoes 0.00 235.34 0.00 0.00 0.00% 
Total Grain 277.53 277.19 236.09 -41.44 -14.93% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 10.55 3.75 5.19 -5.36 -50.79% 
Subtotal 661.92 600.82 452.16 -209.76 -31.69% 
TOTAL – AGRICULTURE 661.92 600.82 455.50 -206.42 -31.19% 
TOTAL - DOMESTIC & M&I 0.00 0.00 2.34 2.34 100.00% 

OTHER      
Urban Vacant1 0.00 12.76 13.10 13.10 100.00% 
Not Surveyed2 0.00 0.00 0.00 0.00 0.00% 
Total Barren 0.00 0.00 0.00 0.00 0.00% 
Total Fallow/Idle 36.00 127.91 1.68 -34.31 -95.32% 
Total Native, Riparian Vegetation-Excludes 
Wildlife Refuges 1,401.97 1,382.26 1,642.32 240.35 17.14% 
Total Water 38.81 14.95 23.75 -15.06 -38.80% 
TOTAL - OTHER 1,476.78 1,537.88 1,680.86 204.08 13.82% 
GROSS AREA TOTAL 2,138.70 2,138.70 2,138.70 0.00 0.00% 

NET AREATOTAL3  661.92 600.82 457.83 -204.08 -30.83% 
1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within 
urban areas), railroad right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, 
tennis court areas, auto sales lots), and airport runways. 
 
2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 

3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not 
Surveyed. 
 

Sources:  DWR, 1993), (DWR, 1998), (DWR, 2003a).  
 



TABLE A.18 
 

GLENN VALLEY WATER DISTRICT WATER SOURCE DISTRIBUTION (1993-2003) 
Water Source 1993 1998 2003 

Surface Water 702.70 32.86% 14.95 0.70% 475.74 22.24% 
Groundwater 0.00 0.00% 0.00 0.00% 2.34 0.11% 
Mixed Use 0.00 0.00% 0.00 0.00% 0.00 0.00% 
Unknown 1,436.00 67.14% 2,123.75 99.30% 1,660.62 77.65% 
TOTAL 2,138.70 100.00% 2,138.70 100.00% 2,138.70 100.00% 

Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both 
were used in that particular year. 
 
Sources:  (DWR, 1993), (DWR, 1998), (DWR, 2003). 



TABLE A.19 
 

GLENN VALLEY WATER DISTRICT APPLIED WATER AND CONSUMPTIVE USE 
(ac-ft) 

2003  
Land Use Applied Water Consumptive Use Excess Applied Water 

Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 
Almonds 7.66 6.36 1.30 
Beans (dry) 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 
Onions and Garlic 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 
Other Field Crops 95.66 67.22 28.43 
Other Pasture 0.15 0.10 0.05 
Other Truck Crops 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 
Rice Land (Production) 777.23 443.02 334.21 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 
Total Grain 101.81 70.93 30.88 
Total Vineyards 1.23 1.03 0.20 
TOTAL 983.73 588.66 395.07 

Notes: 
Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  
to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The 
applied water does not include applied water used for rice straw decomposition. 
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.     

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  
In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% 
(GCID, 2006). 

 



TABLE A.20 
 

GLENN VALLEY WATER DISTRICT WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Almonds 5.82 4.77 1.05 7.99 6.62 1.36 8.94 7.42 1.53 
Beans (dry) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Field Crops 82.61 57.38 25.23 85.88 58.73 27.16 108.14 78.06 30.08 
Other Pasture 0.11 0.08 0.03 0.15 0.10 0.05 0.17 0.12 0.05 
Other Truck Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rice Land (Production) 666.20 379.73 286.47 916.02 522.13 393.89 943.78 537.95 405.83 
Safflower 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Grain 66.20 46.02 20.18 201.80 140.03 61.77 200.33 140.32 60.00 
Total Vineyards 0.90 0.76 0.14 1.23 1.03 0.20 1.48 1.24 0.24 

TOTAL 821.84 488.73 333.10 1,213.07 728.65 484.42 1,262.84 765.11 497.73 
Notes:  
According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005).  
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  
The applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.  
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 
90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   The 
year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in the DWR 
Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly climatic factors and 
cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and evapotranspiration of applied 
water coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is determined for the average year. 

 



HOLTHOUSE WATER DISTRICT 
 

The users in the Holthouse Water District have access to surface water from the Tehama-

Colusa Canal and groundwater.  The following summarizes the land use, water source 

distribution, water use, and water use scenario analyses: 

 

• Between 1993 and 2003, there was an increase in permanent and non-

permanent crop. 

 

• In 2003, most of the water use was designated as an ‘Unknown’ water source; 

however, based upon the 1993 survey, the majority of the water use was surface 

water. 

 

• The dominant crop in this area was almonds and rice; both of which required 

the most applied water and used the most water.  Almonds required more water 

than rice. 

 
 



TABLE A.21 
 

HOLTHOUSE WATER DISTRICT LAND USE (1993-2003) 
Area (ac) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 0.00 212.84 199.34 199.34 100.00% 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00% 
Pistachios 0.00 0.00 0.00 0.00 0.00% 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00% 
Total Vineyards 0.00 0.00 0.00 0.00 0.00% 
Subtotal 0.00 212.84 199.34 199.34 100.00% 
Non-Permanent Crops      
Alfalfa and Alfalfa Mixtures 35.36 0.00 0.00 -35.36 -100.00% 
Beans (dry) 37.42 169.43 0.00 -37.42 -100.00% 
Corn (field and sweet) 0.00 0.00 3.60 3.60 100.00% 
Cotton 0.00 3.36 0.00 0.00 0.00% 
Onions and Garlic 0.00 48.04 19.55 19.55 100.00% 
Other Field Crops 6.37 1.05 156.54 150.18 2358.36% 
Other Pasture 125.62 0.00 0.00 -125.62 -100.00% 
Other Truck Crops 109.14 24.85 42.02 -67.12 -61.50% 
Rice Land (Production) 0.70 55.20 94.68 93.97 13400.15% 
Safflower 0.00 0.00 0.00 0.00 0.00% 
Sugar Beets 0.00 0.00 0.00 0.00 0.00% 
Tomatoes 0.00 0.00 0.00 0.00 0.00% 
Total Grain 93.48 16.21 168.71 75.24 80.49% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 3.39 8.85 2.25 -1.14 -33.66% 
Subtotal 411.46 326.99 487.34 75.88 18.44% 
TOTAL - AGRICULTURE 411.46 539.83 686.68 275.21 66.89% 
TOTAL - DOMESTIC & M&I 0.70 1.31 13.39 12.69 1815.49% 

OTHER      
Urban Vacant1 0.00 15.07 13.65 13.65 100.00% 
Not Surveyed2 0.00 0.00 0.00 0.00 0.00% 
Total Barren 0.00 0.00 0.00 0.00 0.00% 
Total Fallow/Idle 224.66 113.73 42.61 -182.05 -81.03% 
Total Native, Riparian Vegetation-
Excludes Wildlife Refuges 1,398.07 1,351.47 1,267.96 -130.11 -9.31% 
Total Water 8.47 21.95 19.08 10.61 125.17% 
TOTAL - OTHER 1,631.20 1,502.23 1,343.29 -287.91 -17.65% 
TOTAL - GROSS AREA 2,043.36 2,043.36 2,043.36 0.00 0.00% 

TOTAL - NET AREA3 412.16 541.14 700.07 287.91 69.85% 
1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within 
urban areas), railroad right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, 
tennis court areas, auto sales lots), and airport runways. 
 
2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 
3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not 
Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003a.  
 



TABLE A.22 
 

HOLTHOUSE WATER DISTRICT WATER SOURCE DISTRIBUTION (1993-2003) 
Water Source 1993 1998 2003 

Surface Water 641.20 31.38% 21.95 1.07% 577.40 28.26% 
Groundwater 0.70 0.03% 1.31 0.06% 13.39 0.66% 
Mixed Use 0.00 0.00% 0.00 0.00% 0.00 0.00% 
Unknown 1,401.46 68.59% 2,020.11 98.86% 1,452.57 71.09% 
TOTAL 2,043.36 100.00% 2,043.36 100.00% 2,043.36 100.00% 

Note: 
 

‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both were 
used in that particular year. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003. 



TABLE A.23 
 

HOLTHOUSE WATER DISTRICT APPLIED WATER AND CONSUMPTIVE USE 
(ac-ft) 

2003  
 

Land Use Applied Water Consumptive Use 
Excess 

Applied 
Water 

Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 
Almonds 576.32 478.34 97.97 
Beans (dry) 0.00 0.00 0.00 
Corn (field and sweet) 8.04 5.66 2.37 
Cotton 0.00 0.00 0.00 
Onions and Garlic 65.15 44.95 20.20 
Other Deciduous Crops 0.00 0.00 0.00 
Other Field Crops 284.56 199.97 84.59 
Other Pasture 0.00 0.00 0.00 
Other Truck Crops 118.96 87.07 31.88 
Pistachios 0.00 0.00 0.00 
Rice Land (Production) 465.07 265.09 199.98 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 
Total Grain 72.75 50.69 22.07 
Total Vineyards 0.00 0.00 0.00 
TOTAL 1,590.85 1,131.79 459.06 

Notes: 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use. 
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 
2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The applied water 
does not include applied water used for rice straw decomposition. 
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.     

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In 
an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% (GCID, 
2006). 

 



TABLE A.24 
 

HOLTHOUSE WATER DISTRICT WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Almonds 437.63 358.66 78.97 600.84 498.34 102.50 672.86 558.00 114.86 
Beans (dry) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Corn (field and sweet) 7.01 4.90 2.11 7.59 5.35 2.23 9.06 6.40 2.66 
Cotton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Onions and Garlic 43.12 29.32 13.80 71.86 48.86 22.99 74.73 50.82 23.91 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Field Crops 245.74 170.68 75.05 255.49 174.70 80.78 321.69 232.21 89.49 
Other Pasture 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Truck Crops 77.23 54.62 22.61 89.11 63.02 26.09 100.99 71.43 29.56 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rice Land (Production) 398.64 227.22 171.41 548.12 312.43 235.69 564.73 321.90 242.84 
Safflower 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Grain 47.31 32.89 14.42 144.21 100.07 44.14 143.16 100.28 42.88 
Total Vineyards 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 1,256.66 878.29 378.37 1,717.22 1,202.79 514.43 1,887.22 1,341.02 546.21 
Notes: 
According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005). 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance 
efficiency.  The applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.  
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed 
to be 90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   
The year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in 
the DWR Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly 
climatic factors and cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and 
evapotranspiration of applied water coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is 
determined for the average year. 



LA GRANDE WATER DISTRICT 
 

The users in the La Grande Water District have access to surface water from the Tehama-

Colusa Canal and groundwater.  The following summarizes the land use, water source 

distribution, water use, and water use scenario analyses: 

 

• Between 1993 and 2003, there was very little change in non-permanent crop 

and no permanent crop. 

 

• Between 1993 and 2003, most of the water use was surface water. 

 

• The dominant crop in this area was rice, which required the most applied water 

and used the most water. 

 

 



TABLE A.25 
 

LA GRANDE WATER DISTRICT LAND USE (1993-2003) 
Area (ac) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 0.00 0.00 0.00 0.00 0.00% 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00% 
Pistachios 0.00 0.00 0.00 0.00 0.00% 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00% 
Total Vineyards 0.00 0.00 0.00 0.00 0.00% 
Subtotal 0.00 0.00 0.00 0.00 0.00% 
Non-Permanent Crops      
Alfalfa and Alfalfa Mixtures 0.00 0.00 42.53 42.53 100.00% 
Beans (dry) 0.00 0.00 0.00 0.00 0.00% 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00% 
Cotton 0.00 62.33 27.74 27.74 100.00% 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00% 
Other Field Crops 0.00 0.00 0.35 0.35 100.00% 
Other Pasture 107.38 43.97 55.54 -51.84 -48.28% 
Other Truck Crops 0.00 0.00 18.47 18.47 100.00% 
Rice Land (Production) 1,024.55 1,110.43 1,127.95 103.40 10.09% 
Safflower 74.23 0.00 0.00 -74.23 -100.00% 
Sugar Beets 0.00 0.00 0.00 0.00 0.00% 
Tomatoes 0.00 106.18 0.00 0.00 0.00% 
Total Grain 126.46 59.83 49.48 -76.98 -60.87% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 13.17 16.48 15.94 2.77 21.02% 
Subtotal 1,345.80 1,399.22 1,338.01 -7.79 -0.58% 
TOTAL - AGRICULTURE 1,345.80 1,399.22 1,338.01 -7.79 -0.58% 
TOTAL - DOMESTIC & M&I 0.00 0.00 0.00 0.00 0.00% 
OTHER      
Not Surveyed2 0.00 0.00 0.00 0.00 0.00% 
Total Barren 0.00 0.00 0.00 0.00 0.00% 
Total Fallow/Idle 119.97 61.80 5.06 -114.91 -95.78% 
Total Native, Riparian Vegetation-Excludes 
Wildlife Refuges 5.12 9.87 77.07 71.95 1405.77% 
Total Water 0.00 0.00 27.83 27.83 100.00% 
Urban Vacant1 0.00 0.00 22.92 22.92 100.00% 
TOTAL - OTHER 125.09 71.67 132.88 7.79 6.23% 
TOTAL - GROSS AREA 1,470.89 1,470.89 1,470.89 0.00 0.00% 

TOTAL - NET AREA3  1,345.80 1,399.22 1,338.01 -7.79 -0.58% 
1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within 
urban areas), railroad right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, 
tennis court areas, auto sales lots), and airport runways. 
 

2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 

3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not 
Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003a.  
 



TABLE A.26 
 

LA GRANDE WATER DISTRICT WATER SOURCE DISTRIBUTION (1993-2003) 
Water Source 1993 1998 2003 

Surface Water 1,452.60 98.76% 0.00 0.00% 1,351.76 91.90% 
Groundwater 0.00 0.00% 0.00 0.00% 0.00 0.00% 
Mixed Use 0.00 0.00% 0.00 0.00% 0.00 0.00% 
Unknown 18.29 1.24% 1,470.89 100.00% 119.13 8.10% 

TOTAL 1,470.89 100.00% 1,470.89 100.00% 1,470.89 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both 
were used in that particular year. 
 
Sources:  DWR 1993; DWR 1998; DWR, 2003. 

 



TABLE A.27 
 

LA GRANDE WATER DISTRICT APPLIED WATER AND CONSUMPTIVE USE 
(ac-ft) 

2003  
 

Land Use Applied Water Consumptive Use 
Excess 

Applied 
Water 

Alfalfa and Alfalfa Mixtures 176.12 123.32 52.80 
Almonds 0.00 0.00 0.00 
Beans (dry) 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 
Cotton 84.08 57.60 26.48 
Onions and Garlic 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 
Other Field Crops 0.64 0.45 0.19 
Other Pasture 244.86 167.81 77.05 
Other Truck Crops 52.30 38.28 14.02 
Pistachios 0.00 0.00 0.00 
Rice Land (Production) 5,540.82 3,158.27 2,382.55 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 
Total Grain 21.34 14.87 6.47 
Total Vineyards 0.00 0.00 0.00 
TOTAL 6,120.16 3,560.61 2,559.56 
Notes: 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to 
the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The applied 
water does not include applied water used for rice straw decomposition.  
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.  
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In 
an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% (GCID, 
2006). 
 



TABLE A.28 
 

LA GRANDE WATER DISTRICT WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Alfalfa and Alfalfa Mixtures 138.19 97.47 40.72 189.36 131.75 57.61 192.78 136.08 56.70 
Almonds 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Beans (dry) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cotton 71.79 49.70 22.09 79.67 55.23 24.44 91.71 63.53 28.18 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Field Crops 0.55 0.39 0.17 0.58 0.39 0.18 0.73 0.52 0.20 
Other Pasture 188.12 129.79 58.33 250.21 172.17 78.04 282.51 196.36 86.15 
Other Truck Crops 33.95 24.01 9.94 39.18 27.71 11.47 44.40 31.40 13.00 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rice Land (Production) 4,749.28 2,707.09 2,042.19 6,530.26 3,722.25 2,808.01 6,728.14 3,835.04 2,893.10 
Safflower 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Grain 13.88 9.65 4.23 42.30 29.35 12.95 41.99 29.41 12.58 
Total Vineyards 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 5,195.76 3,018.09 2,177.67 7,131.55 4,138.85 2,992.70 7,382.26 4,292.35 3,089.91 
Notes: 
According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005). 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance 
efficiency.  The applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water. 
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to 
be 90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   
The year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in the 
DWR Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly climatic 
factors and cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and 
evapotranspiration of applied water coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is 
determined for the average year.  

 



Myers-Marsh Mutual Water Company 
 

The users in the Myers-Marsh Mutual Water Company have access to surface water from the 

Tehama-Colusa Canal and groundwater.  The following summarizes the land use, water 

source distribution, water use, and water use scenario analyses: 

 

• Between 1993 and 2003, this area is mostly non-permanent crops, primarily 

tomatoes and grain. 

 

• In 1993, most of the water use was groundwater. 

 

• In 2003, most of the water use was surface water. 

 
 



TABLE A.29 
 

MYERS-MARSH MUTUAL WATER COMPANY LAND USE (1993-2003) 
Area (ac) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 0.00 0.00 0.00 0.00 0.00% 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00% 
Pistachios 0.00 0.00 0.00 0.00 0.00% 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00% 
Total Vineyards 0.00 0.00 0.00 0.00 0.00% 
Subtotal 0.00 0.00 0.00 0.00 0.00% 
Non-Permanent Crops      
Alfalfa and Alfalfa Mixtures 75.53 0.00 0.00 -75.53 -100.00% 
Beans (dry) 0.00 0.00 0.00 0.00 0.00% 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00% 
Cotton 0.00 0.00 0.00 0.00 0.00% 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00% 
Other Field Crops 0.00 0.00 0.00 0.00 0.00% 
Other Pasture 0.00 0.00 0.00 0.00 0.00% 
Other Truck Crops 80.16 0.00 0.00 -80.16 -100.00% 
Rice Land (Production) 0.00 0.00 0.00 0.00 0.00% 
Safflower 25.07 58.35 0.00 -25.07 -100.00% 
Sugar Beets 0.00 0.00 0.00 0.00 0.00% 
Tomatoes 0.00 4.04 68.20 68.20 100.00% 
Total Grain 0.00 99.41 74.03 74.03 100.00% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 10.94 7.54 11.25 0.31 2.86% 
Subtotal 191.71 169.34 153.48 -38.23 -19.94% 
TOTAL - AGRICULTURE 191.71 169.34 153.48 -38.23 -19.94% 
TOTAL - DOMESTIC & M&I 84.48 57.86 99.62 15.14 17.92% 

OTHER      
Urban Vacant1 1.76 4.35 3.17 1.41 79.98% 
Not Surveyed2 0.00 0.00 0.00 0.00 0.00% 
Total Barren 0.00 0.00 0.00 0.00 0.00% 
Total Fallow/Idle 0.00 0.00 0.00 0.00 0.00% 
Total Native, Riparian Vegetation-
Excludes Wildlife Refuges 0.00 46.41 18.42 18.42 100.00% 
Total Water 0.00 0.00 3.26 3.26 100.00% 

TOTAL – OTHER 1.76 50.76 24.85 23.09 1310.63% 
TOTAL - GROSS AREA 277.95 277.95 277.95 0.00 0.00% 

TOTAL - NET AREA3 276.19 227.20 253.10 -23.09 -8.36% 
1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands 
within urban areas), railroad right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control 
channels, tennis court areas, auto sales lots), and airport runways. 
 

2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 

3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and 
Not Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR, 2003a.  
 



TABLE A.30 
 

MYERS-MARSH MUTUAL WATER COMPANY 
WATER SOURCE DISTRIBUTION (1993-2003) 

Water Source 1993 1998 2003 
Surface Water 0.06 0.02% 0.00 0.00% 145.49 52.34% 
Groundwater 265.19 95.41% 57.86 20.81% 99.62 35.84% 
Mixed Use 0.00 0.00% 0.00 0.00% 0.00 0.00% 
Unknown 12.70 4.57% 220.10 79.19% 32.84 11.81% 
TOTAL 277.95 100.00% 277.95 100.00% 277.95 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both 
were used in that particular year. 
 
Sources:  DWR 1993; DWR 1998; DWR 2003. 



TABLE A.31 
 

MYERS-MARSH MUTUAL WATER COMPANY 
APPLIED WATER AND CONSUMPTIVE USE 

(ac-ft) 
2003  

 
Land Use Applied Water Consumptive Use 

Excess 
Applied 
Water 

Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 
Almonds 0.00 0.00 0.00 
Beans (dry) 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 
Onions and Garlic 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 
Other Field Crops 0.00 0.00 0.00 
Other Pasture 0.00 0.00 0.00 
Other Truck Crops 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 
Rice Land (Production) 0.00 0.00 0.00 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Tomatoes 165.53 115.94 49.59 
Total Citrus and Subtropical 0.00 0.00 0.00 
Total Grain 31.92 22.24 9.68 
Total Vineyards 0.00 0.00 0.00 
TOTAL 197.46 138.18 59.28 
Notes: 
Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to 
the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The applied 
water does not include applied water used for rice straw decomposition.  
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.    

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In 
an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% (GCID, 
2006). 
 



TABLE A.32 
 

MYERS-MARSH MUTUAL WATER COMPANY WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Almonds 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Beans (dry) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Field Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Pasture 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Truck Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rice Land (Production) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Safflower 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 157.95 109.01 48.94 176.92 122.76 54.15 0.00 149.95 -149.95 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Grain 20.76 14.43 6.33 63.28 43.91 19.37 62.81 44.00 18.81 
Total Vineyards 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 178.71 123.44 55.27 240.19 166.67 73.52 62.81 193.95 -131.13 
Notes: 
According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005). 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  
The applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.  
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 
90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   The 
year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in the DWR 
Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly climatic factors and 
cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and evapotranspiration of applied 
water coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is determined for the average year.  

 



Westside Water District 
 

The Westside Water District has access to surface water from the Tehama-Colusa Canal and 

groundwater.  The following summarizes the land use, water source distribution, water use, 

and water use scenario analyses: 

 

• From 1993 to 2003, permanent crop increase significantly and non-permanent 

crop decreased. 

 

• In 2003, the dominant permanent crop was almonds. 

 

• From 1993 to 2003, the dominant water source is surface water. 

 

• Most of the applied water requirement and water used was for almonds in all 

three scenarios. 
 



TABLE A.33 
 

WESTSIDE WATER DISTRICT LAND USE (1993-2003) 
Area (ac) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 1,505.53 2,485.73 4,688.62 3,183.09 211.43% 
Other Deciduous Crops 106.20 91.30 145.58 39.38 37.09% 
Pistachios 0.00 0.00 0.00 0.00 0.00% 
Total Citrus and Subtropical 4.45 52.73 4.42 -0.04 -0.89% 
Total Vineyards 0.00 301.50 593.36 593.36 100.00% 
Subtotal 1,616.19 2,931.26 5,431.98 3,815.79 236.10% 
Non-Permanent Crops      
Alfalfa and Alfalfa Mixtures 43.49 466.17 254.88 211.39 486.05% 
Beans (dry) 452.46 254.87 134.98 -317.48 -70.17% 
Corn (field and sweet) 0.00 1,112.53 59.20 59.20 100.00% 
Cotton 0.00 0.00 1,783.15 1,783.15 100.00% 
Onions and Garlic 23.30 194.05 7.07 -16.23 -69.64% 
Other Field Crops 21.60 78.06 24.82 3.22 14.89% 
Other Pasture 196.57 56.86 156.53 -40.04 -20.37% 
Other Truck Crops 1,708.87 1,473.14 776.43 -932.44 -54.56% 
Rice Land (Production) 832.73 738.46 1,249.76 417.04 50.08% 
Safflower 309.59 211.51 88.96 -220.62 -71.26% 
Sugar Beets 45.77 0.00 0.00 -45.77 -100.00% 
Tomatoes 3,042.84 3,768.60 1,822.31 -1,220.53 -40.11% 
Total Grain 4,513.06 2,920.10 2,707.81 -1,805.24 -40.00% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 

90.66 96.20 51.64 -39.02 -43.04% 

Subtotal 11,280.94 11,370.54 9,117.56 -2,163.38 -19.18% 
TOTAL - AGRICULTURE 12,897.12 14,301.80 14,549.53 1,652.41 12.81% 
TOTAL - DOMESTIC & M&I 9.53 59.22 189.46 179.93 1887.78% 

OTHER      
1Urban Vacant 0.00 163.68 188.82 188.82 100.00% 
2Not Surveyed 0.00 0.00 0.00 0.00 0.00% 
Total Barren 0.00 107.00 39.48 39.48 100.00% 
Total Fallow/Idle 766.48 456.95 982.40 215.91 28.17% 
Total Native, Riparian Vegetation-Excludes 
Wildlife Refuges 

3,540.64 2,288.01 1,283.96 -2,256.68 -63.74% 

Total Water 279.13 116.25 258.60 -20.53 -7.36% 

TOTAL - OTHER 4,586.25 3,131.89 2,753.26 -1,832.99 -39.97% 
TOTAL - GROSS AREA 17,492.91 17,492.91 17,492.26 -0.65 0.00% 

TOTAL - NET AREA3 12,906.66 14,361.02 14,738.99 1,832.34 14.20% 
1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within 
urban areas), railroad right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, 
tennis court areas, auto sales lots), and airport runways. 
 

2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 

3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not 
Surveyed 
 

Sources:  DWR 1993; DWR 1998; DWR 2003a.  
 



TABLE A.34 
 

WESTSIDE WATER DISTRICT WATER SOURCE DISTRIBUTION (1993-2003) 
Water Source 1993 1998 2003 

Surface Water 11,164.72 63.82% 116.25 0.66% 13,619.01 77.86% 
Groundwater 1,692.98 9.68% 59.22 0.34% 549.01 3.14% 
Mixed Use 998.08 5.71% 0.00 0.00% 850.43 4.86% 
Unknown 3,637.13 20.79% 17,317.44 99.00% 2,473.80 14.14% 
TOTAL 17,492.91 100.00% 17,492.91 100.00% 17,492.26 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both were 
used in that particular year. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003. 
 



TABLE A.35 
 

WESTSIDE WATER DISTRICT APPLIED WATER AND CONSUMPTIVE USE 
(ac-ft) 

2003  
 

Land Use Applied Water Consumptive Use 
Excess 

Applied 
Water 

Almonds 13,555.67 11,251.21 2,304.46 
Pistachios 0.00 0.00 0.00 
Other Deciduous Crops 456.90 340.58 116.33 
Total Citrus and Subtropical 0.00 0.00 0.00 
Beans (dry) 235.68 161.97 73.71 
Corn (field and sweet) 132.27 93.23 39.03 
Cotton 5,404.94 3,702.66 1,702.28 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Other Field Crops 45.11 31.70 13.41 
Total Grain 1,167.70 813.51 354.19 
Rice Land (Production) 6,139.19 3,499.34 2,639.85 
Onions and Garlic 23.58 16.27 7.31 

Tomatoes 4,423.01 3,097.93 1,325.08 
Other Truck Crops 2,198.28 1,609.08 589.19 
Total Vineyards 1,059.57 890.04 169.53 
Alfalfa and Alfalfa Mixtures 1,055.58 739.15 316.43 

Other Pasture 690.10 472.95 217.14 
TOTAL 36,587.59 26,719.63 9,867.96 
Notes: 
Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coeffic ients (DWR, 2007a)  to 
the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The applied 
water does not include applied water used for rice straw decomposition.  
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.   

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In 
an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% (GCID, 
2006). 
 



TABLE A.36 
 

WESTSIDE WATER DISTRICT WET, AVERAGE, AND DRY YEAR SCENARIOS 
1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use Applied 
Water 

Consumptiv
e Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptiv
e Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptiv
e Use 

Excess 
Applied 
Water 

Alfalfa and Alfalfa Mixtures 828.26 584.19 244.07 1,134.92 789.62 345.30 1,155.44 815.62 339.83 
Almonds 10,293.52 8,436.09 1,857.43 14,132.56 11,721.55 2,411.01 15,826.38 13,124.73 2,701.64 
Beans (dry) 247.10 171.34 75.77 261.82 182.13 79.69 314.18 218.80 95.38 
Corn (field and sweet) 115.33 80.61 34.72 124.87 88.12 36.75 149.13 105.26 43.86 
Cotton 4,614.91 3,194.81 1,420.10 5,121.55 3,550.41 1,571.14 5,895.51 4,083.85 1,811.66 
Onions and Garlic 15.61 10.61 4.99 26.01 17.69 8.32 27.05 18.39 8.66 
Other Deciduous Crops 341.92 256.14 85.78 470.39 347.64 122.75 493.08 367.64 125.44 
Other Field Crops 38.96 27.06 11.90 40.51 27.70 12.81 51.00 36.82 14.19 
Other Pasture 530.19 365.79 164.40 705.20 485.25 219.94 796.22 553.42 242.80 
Other Truck Crops 1,427.13 1,009.36 417.77 1,646.68 1,164.64 482.04 1,866.24 1,319.93 546.31 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rice Land (Production) 5,262.17 2,999.43 2,262.73 7,235.48 4,124.22 3,111.26 7,454.73 4,249.20 3,205.54 
Safflower 0.00 0.00 0.00 25.66 17.79 7.87 64.21 44.48 19.73 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 4,220.45 2,912.75 1,307.71 4,727.11 3,280.16 1,446.95 0.00 4,006.52 -4,006.52 
Total Citrus and Subtropical 6.60 5.74 0.86 11.04 9.27 1.77 11.43 9.71 1.71 
Total Grain 759.33 527.85 231.47 2,314.57 1,606.10 708.47 2,297.65 1,609.43 688.22 
Total Vineyards 777.02 652.70 124.32 1,059.57 890.04 169.53 1,271.48 1,068.05 203.44 

TOTAL 29,478.47 21,234.46 8,244.01 39,037.93 28,302.34 10,735.59 37,673.75 31,631.84 6,041.90 
Notes: 
According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005).  
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance 
efficiency.  The applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water. 
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is 
assumed to be 90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water 
year.   The year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an 
‘average’ year in the DWR Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are 
adjusted for monthly climatic factors and cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  
The applied water and evapotranspiration of applied water coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are 
lower than for what is determined for the average year.  



Arbuckle Public Utility District 
 

The Arbuckle Public Utility District obtains most of their water from groundwater.  The 

following summarizes the land use, water source distribution, water use, and water use 

scenario analyses: 

 

• From 1993 to 2003, permanent crops increased 28 percent; non-permanent 

crops decreased by 60 percent. 

 

• The dominant crop in this utility district was almonds (over 81 percent of total 

agricultural land in 2003); however, in 2003 most of the area was urban 

(46 percent). 

 

• In 2003, between 40 percent and 85 percent of water supply was groundwater 

(the broad range is due to ‘Mixed’ and ‘Unknown’ designations). 

 

• In all three scenarios, almonds require the most applied water and use the most 

water in this area. 

 
 



TABLE A.37 
 

ARBUCKLE PUBLIC UTILITY DISTRICT LAND USE (1993-2003) 
Area (ac) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      

Permanent Crops      

Almonds 36.15 28.63 56.30 20.14 55.72% 

Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00% 

Pistachios 0.00 0.00 0.00 0.00 0.00% 

Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00% 

Total Vineyards 0.00 0.00 0.00 0.00 0.00% 

Subtotal 36.15 28.63 56.30 20.14 55.72% 

Non-Permanent      

Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00% 

Beans (dry) 0.00 0.00 0.00 0.00 0.00% 

Corn (field and sweet) 0.00 13.92 0.00 0.00 0.00% 

Cotton 0.00 0.00 0.00 0.00 0.00% 

Onions and Garlic 0.00 4.53 0.00 0.00 0.00% 

Other Field Crops 0.00 2.56 0.00 0.00 0.00% 

Other Pasture 0.00 0.00 0.00 0.00 0.00% 

Other Truck Crops 13.43 0.00 2.98 -10.45 -77.82% 

Rice Land (Production) 0.00 0.00 0.00 0.00 0.00% 

Safflower 0.00 0.00 0.00 0.00 0.00% 

Sugar Beets 0.00 0.00 0.00 0.00 0.00% 

Tomatoes 12.22 4.53 0.00 -12.22 -100.00% 

Total Grain 3.75 0.30 3.17 -0.58 -15.52% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 3.27 3.87 6.81 3.54 108.08% 

Subtotal 32.68 29.71 12.96 -19.72 -60.35% 

TOTAL – AGRICULTURE 68.83 58.34 69.25 0.42 0.62% 

TOTAL – DOMESTIC & M&I 315.87 350.58 246.09 -69.78 -22.09% 

OTHER      

Urban Vacant1 45.85 39.80 86.47 40.61 88.57% 

Not Surveyed2 0.00 0.00 0.00 0.00 0.00% 

Total Barren 0.00 0.00 1.83 1.83 100.00% 

Total Fallow/Idle 0.00 10.30 10.08 10.08 100.00% 
Total Native, Riparian Vegetation-Excludes 
Wildlife Refuges 101.72 75.93 120.66 18.94 18.62% 

Total Water 2.69 0.00 0.59 -2.10 -78.18% 

TOTAL – OTHER 150.26 126.03 219.62 69.36 46.16% 

TOTAL – GROSS AREA 534.96 534.96 534.96 0.00 0.00% 

TOTAL – NET AREA3 384.70 408.92 315.34 -69.36 -18.03% 
1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within urban areas), 
railroad right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, tennis court areas, auto sales 
lots), and airport runways. 
 

2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 

3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003a. 
 



TABLE A.38 
 

ARBUCKLE PUBLIC UTILITY DISTRICT 
WATER SOURCE DISTRIBUTION (1993-2003) 

 1993 1998 2003 
Surface Water 57.40 10.73% Unknown --- 83.50 15.61% 
Groundwater 326.71 61.07% Unknown --- 232.49 43.46% 
Mixed Use 0.00 0.00% Unknown --- 3.21 0.60% 
Unknown 150.84 28.20% 534.96 100.00% 215.76 40.33% 
TOTAL 534.96 100.00% 534.96 100.00% 534.96 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both 
were used in that particular year. 
 
Sources:  DWR 1993; DWR 1998; DWR 2003. 

 
 



TABLE A.39 
 

ARBUCKLE PUBLIC UTILITY DISTRICT APPLIED WATER AND CONSUMPTIVE USE 
(ac-ft) 

2003 
Land Use 

Applied Water Consumptive Use Excess Applied 
Water 

Almonds 162.76 135.09 27.67 
Pistachios 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 
Beans (dry) 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Other Field Crops 0.00 0.00 0.00 
Total Grain 1.37 0.95 0.41 
Rice Land (Production) 0.00 0.00 0.00 
Onions and Garlic 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 
Other Truck Crops 8.44 6.18 2.26 
Total Vineyards 0.00 0.00 0.00 
Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 
Other Pasture 0.00 0.00 0.00 
TOTAL 172.56 142.22 30.34 
Notes: 
Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (D WR, 2007a)  to 
the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The applied 
water does not include applied water used for rice straw decomposition.  
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.   

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In 
an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% (GCID, 
2006).  
 



TABLE A.40 
 

ARBUCKLE PUBLIC UTILITY DISTRICT WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Almonds 123.59 101.29 22.30 169.69 140.74 28.95 190.03 157.59 32.44 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Beans (dry) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Safflower 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Field Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Grain 0.89 0.62 0.27 2.71 1.88 0.83 2.69 1.88 0.80 
Rice Land (Production) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Truck Crops 5.48 3.87 1.60 6.32 4.47 1.85 7.16 5.07 2.10 
Total Vineyards 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Pasture 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 129.96 105.78 24.18 178.71 147.09 31.63 199.87 164.53 35.34 
Notes: 

 

According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005).. 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding 
water conveyance efficiency.  The applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.  
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the 
Sacramento River, it is assumed to be 90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an 
‘above normal’ water year.   The year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, 
there is no specific classification for an ‘average’ year in the DWR Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon 
examination of the DWR crop coefficients, which are adjusted for monthly climatic factors and cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop 
coefficients, even though both years are classified as ‘above normal’ years.  The applied water and evapotranspiration of applied water coefficients for 2000 is much greater than for 2003.  
Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is determined for the average year.   



Carter Mutual Water Company 
 

The Carter Mutual Water Company obtains surface water from the Tehama-Colusa Canal 

and groundwater.  The following summarizes the land use, water source distribution, water 

use, and water use scenario analyses: 

 

• Between 1993 and 2003, there was a significant increase in permanent crop. 

 

• In 2003, the use of surface water and groundwater appeared to be evenly 

distributed. 

 

• For all three years, the dominant crop in this area was rice. 

 

• In 1998 and 2003, rice used the most water. 

 

• For all three scenarios, rice requires the most applied water and uses the most 

water. 

 

 



TABLE A.41 
 

CARTER MUTUAL WATER COMPANY LAND USE (1993-2003) 
Area (ac) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      

Permanent Crops      

Almonds 0.00 0.00 0.00 0.00 0.00% 

Other Deciduous Crops 24.57 150.23 228.14 203.57 828.41% 

Pistachios 0.00 0.00 0.00 0.00 0.00% 

Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00% 

Total Vineyards 0.00 0.00 0.00 0.00 0.00% 

Subtotal 24.57 150.23 228.14 203.57 828.41% 

Non-Permanent Crops      

Alfalfa and Alfalfa Mixtures 74.73 82.34 33.83 -40.90 -54.73% 

Beans (dry) 284.66 165.33 82.07 -202.59 -71.17% 

Corn (field and sweet) 0.00 90.82 0.00 0.00 0.00% 

Cotton 0.00 0.00 0.00 0.00 0.00% 

Onions and Garlic 0.00 0.00 0.00 0.00 0.00% 

Other Field Crops 31.20 0.00 57.19 26.00 83.33% 

Other Pasture 0.00 0.00 0.00 0.00 0.00% 

Other Truck Crops 373.16 208.45 29.30 -343.86 -92.15% 

Rice Land (Production) 626.99 570.41 667.02 40.03 6.38% 

Safflower 0.00 429.41 68.25 68.25 100.00% 

Sugar Beets 0.00 0.00 0.00 0.00 0.00% 

Tomatoes 270.62 0.00 186.59 -84.03 -31.05% 

Total Grain 262.75 0.00 520.36 257.61 98.04% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 4.27 6.75 2.99 -1.28 -30.04% 

Subtotal 1,928.39 1,553.52 1,647.60 -280.79 -14.56% 

TOTAL – AGRICULTURE 1,952.96 1,703.75 1,875.74 -77.22 -3.95% 

TO)TAL – DOMESTIC & M&I 5.77 0.00 7.21 1.44 24.99% 

OTHER      

Urban Vacant1 0.00 13.12 24.50 24.50 100.00% 

Not Surveyed2 0.00 0.00 0.00 0.00 0.00% 

Total Barren 0.00 1.87 0.31 0.31 100.00% 

Total Fallow/Idle 23.70 204.08 30.45 6.75 28.50% 
Total Native, Riparian Vegetation-Excludes 
Wildlife Refuges 92.74 123.17 153.29 60.55 65.29% 

Total Water 40.14 0.00 23.80 -16.34 -40.71% 

TOTAL – OTHER 156.58 342.24 232.36 75.78 48.40% 

TOTAL – GROSS AREA 2,115.31 2,045.98 2,115.31 0.00 0.00% 

TOTAL – NET AREA3  1,958.73 1,703.75 1,882.95 -75.78 -3.87% 
1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within urban areas), 
railroad right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, tennis court areas, auto sales 
lots), and airport runways. 
 

2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 

3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003a.  



TABLE A.42 
 

CARTER MUTUAL WATER COMPANY 
WATER SOURCE DISTRIBUTION (1993-2003) 

Water Source 1993 1998 2003 
Surface Water 1,201.28 56.79% 69.32 3.28% 275.74 13.04% 
Groundwater 211.50 10.00% 0.00 0.00% 289.57 13.69% 
Mixed Use 581.99 27.51% 0.00 0.00% 1,368.89 64.71% 
Unknown 120.54 5.70% 2,045.98 96.72% 181.09 8.56% 
TOTAL 2,115.31 100.00% 2,115.31 100.00% 2,115.31 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both were 
used in that particular year. 
 
Sources:  DWR 1993; DWR 1998; DWR 2003. 



TABLE A.43 
 

CARTER MUTUAL WATER COMPANY APPLIED WATER AND CONSUMPTIVE USE 
(ac-ft) 

2003  
 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess Applied 
Water 

Alfalfa and Alfalfa Mixtures 155.66 98.10 57.56 

Almonds 0.00 0.00 0.00 

Beans (dry) 159.21 98.48 60.74 

Corn (field and sweet) 0.00 0.00 0.00 

Cotton 0.00 0.00 0.00 

Onions and Garlic 0.00 0.00 0.00 

Other Deciduous Crops 795.57 533.72 261.85 

Other Field Crops 115.51 73.06 42.45 

Other Pasture 0.00 0.00 0.00 

Other Truck Crops 92.18 60.73 31.45 

Pistachios 0.00 0.00 0.00 

Rice Land (Production) 3,640.65 1,867.65 1,773.00 

Safflower 0.00 0.00 0.00 

Sugar Beets 0.00 0.00 0.00 

Tomatoes 503.20 317.20 186.00 

Total Citrus and Subtropical 0.00 0.00 0.00 

Total Grain 249.33 156.33 93.00 

Total Vineyards 0.00 0.00 0.00 

TOTAL 5,711.32 3,205.27 2,506.05 
Notes: 
Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to 
the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The applied 
water does not include applied water used for rice straw decomposition.  
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.    

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In 
an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% (GCID, 
2006).  
 



TABLE A.44 
 

CARTER MUTUAL WATER COMPANY WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Alfalfa and Alfalfa Mixtures 122.14 77.53 44.61 167.36 104.80 62.56 170.39 108.25 62.14 
Almonds 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Beans (dry) 166.93 104.17 62.76 176.87 110.74 66.13 212.24 133.03 79.21 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Deciduous Crops 595.35 401.39 193.96 819.05 544.78 274.27 858.56 576.12 282.44 
Other Field Crops 99.75 62.36 37.40 103.71 63.83 39.88 130.59 84.84 45.75 
Other Pasture 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Truck Crops 59.84 38.09 21.75 69.05 43.95 25.10 78.26 49.81 28.44 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rice Land (Production) 3,120.56 1,600.85 1,519.71 4,290.77 2,201.16 2,089.60 4,420.79 2,267.86 2,152.92 
Safflower 0.00 0.00 0.00 21.88 13.65 8.23 54.74 34.13 20.61 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 480.16 298.24 181.91 537.80 335.86 201.94 0.00 410.24 -410.24 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Grain 162.13 101.44 60.70 494.21 308.64 185.57 490.60 309.28 181.32 
Total Vineyards 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 4,806.86 2,684.07 2,122.79 6,680.70 3,727.41 2,953.28 6,416.16 3,973.56 2,442.60 
Notes: 
According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005).  
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The 
applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water. 
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% 
(GCID, 2006). 

 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   The year 
2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in the DWR Bulletin 
120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly climatic factors and cultural 
practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and evapotranspiration of applied water 
coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is determined for the average year. 



City of Colusa Water System 
 

The City of Colusa Water System uses mostly groundwater.  The following summarizes the 

land use, water source distribution, water use, and water use scenario analyses: 

 

• Between 1993 and 2003, this area was mostly urban. 

 

• In 2003, this area used mostly groundwater. 
 
 



TABLE A.45 
 

CITY OF COLUSA WATER SYSTEM LAND USE (1993-2003) 
Area (ac) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 9.89 0.00 0.00 -9.89 -100.00% 
Other Deciduous Crops 20.71 47.49 19.07 -1.64 -7.90% 
Pistachios 0.00 0.13 0.00 0.00 0.00% 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00% 
Total Vineyards 0.00 0.00 0.00 0.00 0.00% 
Subtotal 30.60 47.61 19.07 -11.53 -37.67% 
Non-Permanent Crops      
Alfalfa and Alfalfa Mixtures 5.18 0.00 0.00 -5.18 -100.00% 
Beans (dry) 25.67 35.18 19.14 -6.53 -25.45% 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00% 
Cotton 0.00 60.99 0.00 0.00 0.00% 
Onions and Garlic 0.00 0.00 1.26 1.26 100.00% 
Other Field Crops 0.00 0.00 0.00 0.00 0.00% 
Other Pasture 3.21 7.77 11.87 8.66 269.86% 
Other Truck Crops 1.69 0.00 53.04 51.35 3043.40% 
Rice Land (Production) 0.00 0.00 0.00 0.00 0.00% 
Safflower 0.00 0.17 79.97 79.97 100.00% 
Sugar Beets 0.15 0.00 0.00 -0.15 -100.00% 
Tomatoes 185.59 206.86 0.00 -185.59 -100.00% 
Total Grain 98.04 0.00 125.05 27.01 27.55% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 2.76 8.98 10.59 7.83 283.29% 
Subtotal 322.30 319.96 300.93 -21.37 -6.63% 
TOTAL – AGRICULTURE 352.89 367.58 320.00 -32.90 -9.32% 
TOTAL – DOMESTIC & M&I 1,086.58 1,045.46 900.16 -186.43 -17.16% 
OTHER      
Urban Vacant1 5.99 63.67 194.36 188.37 3143.77% 
Not Surveyed2 0.00 0.00 0.00 0.00 0.00% 
Total Barren 0.00 0.00 0.00 0.00 0.00% 
Total Fallow/Idle 33.46 13.09 28.05 -5.41 -16.17% 
Total Native, Riparian Vegetation-
Excludes Wildlife Refuges 56.96 35.93 82.91 25.95 45.57% 
Total Water 0.01 0.00 10.42 10.41 102949.62% 
TOTAL – OTHER 96.42 112.69 315.74 219.32 227.46% 
TOTAL – GROSS AREA 1,535.89 1,525.74 1,535.89 0.00 0.00% 

TOTAL – NET AREA3 1,439.47 1,413.04 1,220.15 -219.32 -15.24% 
1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within 
urban areas), railroad right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, 
tennis court areas, auto sales lots), and airport runways. 
 

2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 

3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not 
Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003a.  
 



TABLE A.46 
 

CITY OF COLUSA WATER SYSTEM WATER SOURCE DISTRIBUTION (1993-2003) 
Water Source 1993 1998 2003 

Surface Water 55.43 3.61% 10.16 0.66% 12.04 0.78% 
Groundwater 1,414.75 92.11% 0.00 0.00% 1,236.00 80.47% 
Mixed Use 0.00 0.00% 0.00 0.00% 0.00 0.00% 
Unknown 65.71 4.28% 1,525.74 99.34% 287.86 18.74% 
TOTAL 1,535.89 100.00% 1,535.89 100.00% 1,535.89 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both were 
used in that particular year. 
 
Sources:  DWR 1993; DWR 1998; DWR 2003. 
 



TABLE A.47 
 

CITY OF COLUSA WATER SYSTEM APPLIED WATER AND CONSUMPTIVE USE 
(ac-ft) 

2003  
 

Land Use 
Applied 
Water Consumptive Use 

Excess 
Applied 
Water 

Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 
Almonds 0.00 0.00 0.00 
Beans (dry) 33.42 22.97 10.45 
Corn (field and sweet) 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 
Onions and Garlic 4.21 2.90 1.30 
Other Deciduous Crops 59.85 44.61 15.24 
Other Field Crops 0.00 0.00 0.00 
Other Pasture 52.34 35.87 16.47 
Other Truck Crops 150.16 109.91 40.25 
Pistachios 0.00 0.00 0.00 
Rice Land (Production) 0.00 0.00 0.00 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 
Total Grain 53.93 37.57 16.36 
Total Vineyards 0.00 0.00 0.00 
TOTAL 353.91 253.84 100.07 
Notes: 
Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to 
the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The applied 
water does not include applied water used for rice straw decomposition.  
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.    

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In 
an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% (GCID, 
2006). 

 



TABLE A.48 
 

CITY OF COLUSA WATER SYSTEM WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Almonds 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Beans (dry) 35.04 24.30 10.74 37.13 25.83 11.30 44.55 31.03 13.53 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Onions and Garlic 2.79 1.89 0.89 4.64 3.16 1.49 4.83 3.28 1.54 
Other Deciduous Crops 44.79 33.55 11.24 61.62 45.54 16.08 64.59 48.16 16.43 
Other Field Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Pasture 40.21 27.74 12.47 53.49 36.80 16.68 60.39 41.97 18.42 
Other Truck Crops 97.48 68.95 28.54 112.48 79.55 32.93 127.48 90.16 37.32 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rice Land (Production) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Safflower 0.00 0.00 0.00 23.07 15.99 7.08 57.72 39.99 17.74 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Grain 35.07 24.38 10.69 106.89 74.17 32.72 106.11 74.33 31.78 
Total Vineyards 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 255.38 180.81 74.57 399.31 281.05 118.27 465.67 328.92 136.76 
Notes: 
According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005). 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  
The applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water. 
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 
90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   The 
year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in the DWR 
Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly climatic factors and 
cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and evapotranspiration of applied 
water coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is determined for the average year.  



Colusa Drain Mutual Water Company 
 

The users in the Colusa Drain Mutual Water Company have access to surface water from the 

Sacramento River and groundwater.  The following summarizes the land use, water source 

distribution, water use, and water use scenario analyses: 

 

• Between 1993 and 2003, there was a slight increase in permanent crop and a 

decrease in non-permanent crop production. 

 

• From 1993 to 2003, most of the water use was from surface water. 

 

• The dominant crop in this area was rice. 

 

• Rice required the most applied water and used the most water in this area. 

 
 



TABLE A.49 
 

COLUSA DRAIN MUTUAL WATER COMPANY LAND USE (1993-2003) 
Area (ac) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 0.00 40.17 35.97 35.97 100.00% 
Other Deciduous Crops 123.84 98.34 108.86 -14.99 -12.10% 
Pistachios 0.00 0.00 0.00 0.00 0.00% 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00% 
Total Vineyards 0.00 0.00 0.00 0.00 0.00% 
Subtotal 123.84 138.50 144.83 20.99 16.95% 
Non-Permanent Crops      
Alfalfa and Alfalfa Mixtures 947.68 869.12 837.48 -110.19 -11.63% 
Beans (dry) 378.70 858.94 145.69 -233.01 -61.53% 
Corn (field and sweet) 1,113.84 851.81 567.56 -546.28 -49.05% 
Cotton 0.00 269.82 0.00 0.00 0.00% 
Onions and Garlic 0.00 3.28 30.04 30.04 100.00% 
Other Field Crops 174.55 375.92 111.60 -62.95 -36.06% 
Other Pasture 259.87 24.43 48.77 -211.11 -81.23% 
Other Truck Crops 896.74 497.80 456.84 -439.90 -49.06% 
Rice Land (Production) 19,099.60 18,644.06 20,493.25 1,393.65 7.30% 
Safflower 1,391.12 2,793.15 951.69 -439.43 -31.59% 
Sugar Beets 1,178.74 403.17 0.00 -1,178.74 -100.00% 
Tomatoes 1,511.37 1,440.48 683.23 -828.14 -54.79% 
Total Grain 2,619.13 1,399.13 3,201.40 582.27 22.23% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 176.80 116.27 106.25 -70.55 -39.91% 
Subtotal 29,748.15 28,547.38 27,633.79 -2,114.35 -7.11% 
TOTAL – AGRICULTURE 29,871.99 28,685.89 27,778.62 -2,093.37 -7.01% 
TOTAL – DOMESTIC & M&I 37.95 0.00 84.97 47.02 123.90% 
OTHER      
Urban Vacant1 0.00 630.64 297.20 297.20 100.00% 
Not Surveyed2 0.26 0.21 0.00 -0.26 -100.00% 
Total Barren 0.00 0.00 0.00 0.00 0.00% 
Total Fallow/Idle 2,489.47 2,386.56 1,026.06 -1,463.42 -58.78% 
Total Native, Riparian Vegetation-Excludes 
Wildlife Refuges 6,253.19 3,812.00 6,283.33 30.14 0.48% 
Total Water 660.54 0.00 936.19 275.65 41.73% 
OTHER – TOTAL 6,496.45 6,829.41 8,542.78 2,046.33 31.50% 
TOTAL – GROSS AREA 36,406.39 35,515.30 36,406.38 -0.01 0.00% 
TOTAL – NET AREA3 29,909.94 28,685.89 27,863.60 -2,046.34 -6.84% 
Also services Yolo County; Only Colusa County land use data presented here. 

 

1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within urban areas), 
railroad right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, tennis court areas, auto sales 
lots), and airport runways. 
 

2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 

3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003a. 
 



TABLE A.50 
 

COLUSA DRAIN MUTUAL WATER COMPANY 
WATER SOURCE DISTRIBUTION (1993-2003) 

Water Source 1993 1998 2003 
Surface Water 26,668.91 73.25% 808.53 2.22% 24,742.72 67.96% 
Groundwater 2,475.56 6.80% 82.55 0.23% 910.30 2.50% 
Mixed Use 5,035.52 13.83% 0.00 0.00% 8,009.88 22.00% 
Unknown 2,226.41 6.12% 35,515.30 97.55% 2,743.48 7.54% 
TOTAL 36,406.39 100.00% 36,406.38 100.00% 36,406.38 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both were 
used in that particular year. 
 
Sources:  DWR 1993; DWR 1998; DWR 2003. 

 
 



TABLE A.51 
 

COLUSA DRAIN MUTUAL WATER COMPANY APPLIED WATER AND CONSUMPTIVE USE 
(ac-ft) 

2003  
 

Land Use Applied Water ET of Applied 
Water 

Excess Applied 
Water 

Alfalfa and Alfalfa Mixtures 3,853.80 2,428.70 1,425.10 
Almonds 115.56 86.32 29.24 
Beans (dry) 282.65 174.83 107.82 
Corn (field and sweet) 1,409.06 893.90 515.16 
Cotton 0.00 0.00 0.00 
Onions and Garlic 111.25 69.09 42.17 
Other Deciduous Crops 379.60 254.66 124.94 
Other Field Crops 225.41 142.56 82.84 
Other Pasture 238.88 147.35 91.54 
Other Truck Crops 1,437.14 946.75 490.38 
Pistachios 0.00 0.00 0.00 
Rice Land (Production) 111,854.01 57,381.11 54,472.90 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Tomatoes 1,842.56 1,161.49 681.06 
Total Citrus and Subtropical 0.00 0.00 0.00 
Total Grain 1,533.94 961.79 572.15 
Total Vineyards 0.00 0.00 0.00 
TOTAL 123,283.86 64,648.56 58,635.30 
Notes:  
Also services Yolo County; Only Colusa County calculations presented here. 
Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to 
the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The applied 
water does not include applied water used for rice straw decomposition.  
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.    

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In 
an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% (GCID, 
2006).  
 



TABLE A.52 
 

COLUSA DRAIN MUTUAL WATER COMPANY WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Alfalfa and Alfalfa Mixtures 3,023.87 1,919.51 1,104.36 4,143.44 2,594.52 1,548.92 4,218.38 2,679.94 1,538.44 
Almonds 87.75 64.72 23.03 120.48 89.93 30.55 134.92 100.70 34.22 
Beans (dry) 296.34 184.93 111.41 313.99 196.58 117.41 376.78 236.16 140.63 
Corn (field and sweet) 1,228.57 772.85 455.73 1,330.28 844.89 485.39 1,588.65 1,009.22 579.43 
Cotton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Onions and Garlic 73.62 45.06 28.57 122.71 75.10 47.61 127.61 78.10 49.51 
Other Deciduous Crops 284.07 191.52 92.55 390.80 259.94 130.87 409.65 274.89 134.76 
Other Field Crops 194.65 121.68 72.97 202.38 124.55 77.83 254.82 165.54 89.28 
Other Pasture 183.53 113.96 69.57 244.11 151.18 92.93 275.62 172.41 103.21 
Other Truck Crops 932.99 593.89 339.11 1,076.53 685.25 391.28 1,220.07 776.62 443.45 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rice Land (Production) 95,874.86 49,183.80 46,691.06 131,827.94 67,627.73 64,200.20 135,822.72 69,677.06 66,145.67 
Safflower 0.00 0.00 0.00 305.04 190.34 114.70 763.25 475.85 287.40 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 1,758.18 1,092.06 666.11 1,969.24 1,229.82 739.42 0.00 1,502.15 -1,502.15 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Grain 997.49 624.07 373.42 3,040.53 1,898.87 1,141.66 3,018.31 1,902.80 1,115.50 
Total Vineyards 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 104,935.93 54,908.06 50,027.87 145,087.46 75,968.69 69,118.77 148,210.79 79,051.44 69,159.34 
Notes: 
Also services Yolo County; Only Colusa County calculations presented here. 
 

According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005).  
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The 
applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water. 
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% 
(GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   The year 
2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in the DWR Bulletin 120 
water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly climatic factors and cultural practices 
specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and evapotranspiration of applied water coefficients for 2000 
is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is determined for the average year.  

 



Glenn-Colusa Irrigation District 
 

The users in the Glenn Colusa Irrigation District have access to surface water from the 

Sacramento River and groundwater.  The following summarizes the land use, water source 

distribution, water use, and water use scenario analyses: 

 

• From 1993 to 2003, rice was the dominant crop. 

 

• From 1993 to 2003, water use was mostly surface water. 

 

• Most of the applied water requirement and water used was for rice in all three 

scenarios. 

 
 



TABLE A.53 
 

GLENN-COLUSA IRRIGATION DISTRICT LAND USE (1993-2003) 
Area (acres) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 100.30 219.63 378.41 278.11 277.26% 
Other Deciduous Crops 498.61 949.25 1,139.75 641.14 128.58% 
Pistachios 0.00 0.00 0.00 0.00 0.00% 
Total Citrus and Subtropical 9.83 10.51 4.41 -5.42 -55.13% 
Total Vineyards 119.17 120.17 99.03 -20.15 -16.91% 
Subtotal - - 1,621.59 - - 
Non-Permanent Crops      
Alfalfa and Alfalfa Mixtures 1,634.72 988.80 1,492.00 -142.72 -8.73% 
Beans (dry) 215.83 576.63 316.10 100.26 46.45% 
Corn (field and sweet) 731.01 844.77 440.46 -290.55 -39.75% 
Cotton 223.03 2,507.83 973.82 750.79 336.63% 
Onions and Garlic 11.84 421.92 192.67 180.84 1527.81% 
Other Field Crops 518.45 793.63 639.92 121.48 23.43% 
Other Pasture 2,487.60 1,670.70 2,085.23 -402.37 -16.17% 
Other Truck Crops 2,149.33 2,872.67 1,892.82 -256.51 -11.93% 
Rice Land (Production) 56,263.29 57,402.58 52,771.16 -3,492.12 -6.21% 
Safflower 2,217.24 907.63 653.07 -1,564.17 -70.55% 
Sugar Beets 280.40 0.00 0.00 -280.40 -100.00% 
Tomatoes 3,584.51 3,991.28 3,008.27 -576.24 -16.08% 
Total Grain 8,575.55 5,853.65 5,872.48 -2,703.07 -31.52% 
Total Semiagricultural and Incidental to Agriculture 
(Livestock feed lots, dairies, poultry farms, 
farmsteads) 671.58 771.05 553.16 -118.42 -17.63% 
Subtotal 79,564.37 79,603.15 70,891.16 -8,673.20 -10.90% 
TOTAL – AGRICULTURE 80,292.29 80,902.70 72,512.76 -7,779.53 -9.69% 
TOTAL – DOMESTIC & M&I 380.71 521.79 743.41 362.70 95.27% 
OTHER      
Urban Vacant1 553.01 2,815.09 1,281.90 728.88 131.80% 
Not Surveyed2 7.14 0.00 0.00 -7.14 -100.00% 
Total Barren 0.00 0.00 1.80 1.80 100.00% 
Total Fallow/Idle 9,053.45 5,782.10 7,915.21 -1,138.24 -12.57% 
Total Native, Riparian Vegetation-Excludes Wildlife 
Refuges 3,881.14 3,876.58 10,391.33 6,510.19 167.74% 
Total Water 765.92 1,035.39 2,086.98 1,321.05 172.48% 
TOTAL – OTHER 14,260.66 13,509.17 21,677.21 7,416.54 52.01% 
TOTAL – GROSS AREA 94,933.67 94,933.67 94,933.37 -0.29 0.00% 
TOTAL– NET AREA3 80,673.00 81,424.50 73,256.17 -7,416.83 -9.19% 
This entity also services Glenn County; Only Colusa County data is presented here. 
 

1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within urban areas), railroad right of 
ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, tennis court areas, auto sales lots), and airport runways.  
 

2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 

3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003a. 
 



TABLE A.54 
 

GLENN-COLUSA IRRIGATION DISTRICT WATER SOURCE DISTRIBUTION (1993-2003) 
Water Source 1993 1998 2003 2003-Glenn 

Surface Water 88,474.94 93.20% 1,035.39 1.09% 80,472.05 84.77% 62,025.76 71.52% 
Groundwater 696.80 0.73% 521.79 0.55% 804.83 0.85% 5,953.69 6.87% 
Mixed Use 1,194.04 1.26% 0.00 0.00% 1,175.44 1.24% 3,273.43 3.77% 
Unknown 4,567.89 4.81% 93,376.48 98.36% 12,481.06 13.15% 15,470.56 17.84% 
TOTAL 94,933.67 100.00% 94,933.67 100.00% 94,933.37 100.00% 86,723.43 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both were used in that 
particular year. 
 
Sources:  DWR 1993; DWR 1998; DWR 2003. 

 



TABLE A.55 
GLENN-COLUSA IRRIGATION DISTRICT APPLIED WATER AND CONSUMPTIVE USE 

(ac-ft) 
2003  

 
Land Use Applied Water Consumptive Use Excess Applied 

Water 
Alfalfa and Alfalfa Mixtures 6865.65 4326.79 2,538.86 
Almonds 1215.62 908.07 307.55 
Beans (dry) 613.25 379.32 233.94 
Corn (field and sweet) 1093.52 693.72 399.79 
Cotton 3279.74 2022.11 1,257.63 
Onions and Garlic 3.33 443.15 -439.82 
Other Deciduous Crops 3974.45 2666.31 1,308.14 
Other Field Crops 1292.46 817.45 475.01 
Other Pasture 10214.48 6300.39 3,914.09 
Other Truck Crops 5954.52 3922.71 2,031.82 
Pistachios 0.00 0.00 0.00 
Rice Land (Production) 288029.74 147759.25 140,270.48 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Tomatoes 8112.77 5114.05 2,998.72 
Total Citrus and Subtropical 0.00 0.00 0.00 
Total Grain 2813.78 1764.26 1,049.52 
Total Vineyards 196.48 148.54 47.94 
TOTAL 333,659.79 177,266.12 156,393.67 
Notes: 
Also services Glenn County; Only Colusa County calculations presented here. 
Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 
2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance 
efficiency.  The applied water does not include applied water used for rice straw decomposition.  
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.    

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa 
Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to 
be 90% (GCID, 2006). 



TABLE A.56 
 

GLENN-COLUSA IRRIGATION DISTRICT WET, AVERAGE, AND DRY YEAR SCENARIOS 
1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Alfalfa and Alfalfa Mixtures 5,387.11 3,419.65 1,967.45 7,381.64 4,622.20 2,759.44 7,515.15 4,774.39 2,740.77 
Almonds 923.08 680.86 242.22 1,267.35 946.03 321.32 1,419.25 1,059.28 359.97 
Beans (dry) 642.96 401.24 241.73 681.26 426.52 254.73 817.49 512.38 305.11 
Corn (field and sweet) 953.45 599.78 353.67 1,032.38 655.68 376.69 1,232.89 783.22 449.67 
Cotton 2,800.35 1,744.76 1,055.58 3,107.78 1,938.96 1,168.81 3,577.42 2,230.29 1,347.13 
Onions and Garlic 472.24 289.01 183.23 787.07 481.69 305.38 818.55 500.95 317.60 
Other Deciduous Crops 2,974.21 2,005.24 968.97 4,091.76 2,721.57 1,370.19 4,289.14 2,878.16 1,410.98 
Other Field Crops 1,116.13 697.72 418.41 1,160.42 714.15 446.26 1,461.13 949.22 511.92 
Other Pasture 7,847.61 4,872.86 2,974.75 10,437.98 6,464.23 3,973.75 11,785.33 7,372.31 4,413.02 
Other Truck Crops 3,865.69 2,460.67 1,405.02 4,460.41 2,839.23 1,621.18 5,055.13 3,217.79 1,837.34 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rice Land (Production) 246,882.63 126,650.79 120,231.84 339,463.62 174,144.84 165,318.78 349,750.39 179,421.95 170,328.44 
Safflower 0.00 0.00 0.00 209.33 130.61 78.71 523.76 326.53 197.22 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 7,741.24 4,808.36 2,932.89 8,670.56 5,414.88 3,255.68 0.00 0.00 0.00 
Total Citrus and Subtropical 7.32 5.74 1.59 12.25 9.26 2.99 12.69 9.71 2.98 
Total Grain 1,829.74 1,144.76 684.97 5,577.38 3,483.18 2,094.20 5,536.62 3,490.40 2,046.22 
Total Vineyards 144.08 108.93 35.16 196.48 148.54 47.94 235.78 178.25 57.53 

TOTAL 283,587.85 149,890.37 133,697.48 388,537.67 205,141.59 183,396.08 394,030.72 207,704.82 186,325.90 
Notes: 
Also services Glenn County; Only Colusa County calculations presented here. 
 

According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005).  
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The 
applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.  
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 
90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   The year 
2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in the DWR Bulletin 
120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly climatic factors and cultural 
practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and evapotranspiration of applied water 
coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is determined for the average year.  

 



Maxwell Irrigation District 
 

The users in the Maxwell Irrigation District have access to surface water from the 

Sacramento River and groundwater.  The following summarizes the land use, water source 

distribution, water use, and water use scenario analyses: 

 

• Between 1993 and 2003, there was very little change in non-permanent crops 

and no permanent crops. 

 

• Between 1993 and 2003, most of the water use was surface water. 

 

• The dominant crop in this area was rice, which required the most applied water 

and used the most water. 
 
 



TABLE A.57 
 

MAXWELL IRRIGATION DISTRICT LAND USE (1993-2003) 
Area (ac) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 0.00 0.00 0.00 0.00 0.00% 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00% 
Pistachios 0.00 0.00 0.00 0.00 0.00% 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00% 
Total Vineyards 0.00 0.00 0.00 0.00 0.00% 
Subtotal 0.00 0.00 0.00 0.00 0.00% 
Non-Permanent Crops      
Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00% 
Beans (dry) 0.00 0.00 0.00 0.00 0.00% 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00% 
Cotton 0.00 0.00 0.00 0.00 0.00% 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00% 
Other Field Crops 0.00 0.00 83.21 83.21 100.00% 
Other Pasture 0.00 0.00 0.00 0.00 0.00% 
Other Truck Crops 0.00 0.00 0.00 0.00 0.00% 
Rice Land (Production) 4,437.67 4,793.77 4,515.70 78.02 1.76% 
Safflower 0.00 0.00 0.00 0.00 0.00% 
Sugar Beets 0.00 0.00 0.00 0.00 0.00% 
Tomatoes 0.00 0.00 0.00 0.00 0.00% 
Total Grain 78.75 0.00 70.18 -8.57 -10.88% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 15.80 2.12 5.70 -10.10 -63.91% 
Subtotal 4,532.22 4,795.89 4,674.79 142.57 3.15% 
TOTAL – AGRICULTURE 4,532.22 4,795.89 4,674.79 142.57 3.15% 
TOTAL – DOMESTIC & M&I 0.28 28.77 15.92 15.64 5570.38% 

OTHER      
Urban Vacant1 0.00 201.99 98.19 98.19 100.00% 
Not Surveyed2 0.65 0.00 0.00 -0.65 -100.00% 
Total Barren 0.00 0.00 0.00 0.00 0.00% 
Total Fallow/Idle 202.74 130.51 74.26 -128.48 -63.37% 

Total Native, Riparian Vegetation-Excludes 
Wildlife Refuges 2,308.37 1,925.41 2,107.86 -200.51 -8.69% 
Total Water 103.90 65.60 177.32 73.42 70.66% 
TOTAL – OTHER 2,615.67 2,323.51 2,457.62 -158.04 -6.04% 
TOTAL – GROSS AREA 7,148.17 7,148.16 7,148.33 0.17 0.00% 

TOTAL – NET AREA3 4,532.50 4,824.66 4,690.71 158.21 3.49% 
1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within urban areas), 
railroad right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, tennis court areas, auto sales 
lots), and airport runways. 
 
2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 
3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003a 
 



TABLE A.58 
 

MAXWELL IRRIGATION DISTRICT 
WATER SOURCE DISTRIBUTION (1993-2003) 

Water Source 1993 1998 2003 
Surface Water 6,976.13 97.59% 65.60 0.92% 6,619.41 92.60% 
Groundwater 0.28 0.00% 28.77 0.40% 15.92 0.22% 
Mixed Use 0.00 0.00% 0.00 0.00% 2.07 0.03% 
Unknown 171.75 2.40% 7,053.80 98.68% 510.93 7.15% 
TOTAL 7,148.17 100.00% 7,148.16 100.00% 7,148.33 100.00% 
Note:   
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both were 
used in that particular year. 
 
Sources:  DWR 1993; DWR 1998; DWR 2003. 



TABLE A.59 
 

MAXWELL IRRIGATION DISTRICT APPLIED WATER AND CONSUMPTIVE USE 
(ac-ft) 

2003  
 

Land Use Applied Water Consumptive Use Excess Applied 
Water 

Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 

Almonds 0.00 0.00 0.00 

Beans (dry) 0.00 0.00 0.00 

Corn (field and sweet) 0.00 0.00 0.00 

Cotton 0.00 0.00 0.00 

Onions and Garlic 0.00 0.00 0.00 

Other Deciduous Crops 0.00 0.00 0.00 

Other Field Crops 168.06 106.29 61.77 

Other Pasture 0.00 0.00 0.00 

Other Truck Crops 0.00 0.00 0.00 

Pistachios 0.00 0.00 0.00 

Rice Land (Production) 24,647.08 12,643.95 12,003.13 

Safflower 0.00 0.00 0.00 

Sugar Beets 0.00 0.00 0.00 

Tomatoes 0.00 0.00 0.00 

Total Citrus and Subtropical 0.00 0.00 0.00 

Total Grain 33.63 21.08 12.54 

Total Vineyards 0.00 0.00 0.00 

TOTAL 24,848.77 12,771.33 12,077.44 
Notes: 
Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients 
for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients 
(DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR appl ied water crop coefficients (DWR, 2007a)  to the 
2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The applied water 
does not include applied water used for rice straw decomposition. 
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.   

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an 
open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% (GCID, 2006). 

 



TABLE A.60 
 

MAXWELL IRRIGATION DISTRICT WET, AVERAGE, AND DRY YEAR SCENARIOS 
1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Almonds 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Beans (dry) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Field Crops 145.13 90.72 54.41 150.89 92.86 58.03 189.99 123.43 66.56 
Other Pasture 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Truck Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rice Land (Production) 21,126.07 10,837.68 10,288.40 29,048.35 14,901.80 14,146.55 29,928.60 15,353.37 14,575.23 
Safflower 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Grain 21.87 13.68 8.19 66.65 41.63 25.03 66.17 41.71 24.45 
Total Vineyards 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 21,293.07 10,942.08 10,350.99 29,265.89 15,036.29 14,229.60 30,184.76 15,518.51 14,666.25 
Notes:  
According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005).  
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance 
efficiency.  The applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.  
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed 
to be 90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   
The year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in 
the DWR Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly 
climatic factors and cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and 
evapotranspiration of applied water coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is 
determined for the average year.  

 



Maxwell Public Utility District 
 

The users in the Maxwell Public Utility District primarily use groundwater.  The following 

summarizes the land use, water source distribution, water use, and water use scenario 

analyses: 

 

• Between 1993 and 2003, this area is mostly urban, with some non-permanent 

crops. 

 

• Between 1993 and 2003, most of the water use was groundwater. 

 

• The dominant crop in this area was rice, which required the most applied water 

and used the most water. 

 
 



TABLE A.61 
 

MAXWELL PUBLIC UTILITY DISTRICT LAND USE (1993-2003) 
Area (ac) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 0.00 0.00 0.00 0.00 0.00% 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00% 
Pistachios 0.00 0.00 0.00 0.00 0.00% 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00% 
Total Vineyards 0.00 0.00 0.00 0.00 0.00% 
Subtotal 0.00 0.00 0.00 0.00 0.00% 
Non-Permanent Crops      
Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00% 
Beans (dry) 0.00 0.00 0.00 0.00 0.00% 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00% 
Cotton 0.00 0.00 0.00 0.00 0.00% 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00% 
Other Field Crops 0.00 1.40 0.00 0.00 0.00% 
Other Pasture 0.46 1.08 0.46 0.00 -1.05% 
Other Truck Crops 0.00 1.84 0.00 0.00 0.00% 
Rice Land (Production) 0.00 1.96 2.76 2.76 100.00% 
Safflower 6.32 0.63 0.00 -6.32 -100.00% 
Sugar Beets 4.03 0.00 0.00 -4.03 -100.00% 
Tomatoes 0.00 0.00 0.00 0.00 0.00% 
Total Grain 2.02 23.54 0.42 -1.61 -79.41% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 1.19 4.15 1.78 0.59 49.91% 
Subtotal 14.03 34.60 5.41 -8.62 -61.43% 
TOTAL – AGRICULTURE 14.03 34.60 5.41 -8.62 -61.43% 
TOTAL – DOMESTIC & M&I 184.52 195.72 153.42 -31.11 -16.86% 
OTHER      
Urban Vacant1 5.16 5.31 32.42 27.26 528.05% 
Not Surveyed2 0.00 0.00 0.00 0.00 0.00% 
Total Barren 0.00 0.00 0.00 0.00 0.00% 
Total Fallow/Idle 7.71 1.12 1.91 -5.80 -75.27% 
Total Native, Riparian Vegetation-Excludes 
Wildlife Refuges 25.87 0.52 42.82 16.95 65.52% 
Total Water 0.00 0.00 1.31 1.31 100.00% 
TOTAL – OTHER 38.74 6.96 78.46 39.72 102.54% 
TOTAL – GROSS AREA 237.29 237.29 237.29 0.00 0.00% 
TOTAL – NET AREA3 198.55 230.33 158.83 -39.72 -20.01% 
1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within 
urban areas), railroad right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, 
tennis court areas, auto sales lots), and airport runways. 
 

2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 

3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not 
Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003a 
 



TABLE A.62 
 

MAXWELL PUBLIC UTILITY DISTRICT 
WATER SOURCE DISTRIBUTION (1993-2003) 

Water Source 1993 1998 2003 
Surface Water 18.52 7.81% 0.00 0.00% 6.03 2.54% 
Groundwater 184.52 77.76% 195.72 82.48% 153.42 64.65% 
Mixed Use 0.00 0.00% 0.00 0.00% 0.00 0.00% 
Unknown 34.24 14.43% 41.56 17.52% 77.84 32.81% 
TOTAL 237.29 100.00% 237.29 100.00% 237.29 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both were 
used in that particular year. 
 
Sources:  DWR 1993; DWR 1998; DWR 2003.   



TABLE A.63 
 

MAXWELL PUBLIC UTILITY DISTRICT APPLIED WATER AND CONSUMPTIVE USE 
(ac-ft) 

2003  
 

Land Use Applied Water Consumptive Use 
Excess 

Applied 
Water 

Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 
Almonds 0.00 0.00 0.00 
Beans (dry) 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 
Onions and Garlic 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 
Other Field Crops 0.00 0.00 0.00 
Other Pasture 2.01 1.38 0.63 
Other Truck Crops 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 
Rice Land (Production) 13.53 7.71 5.82 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 
Total Grain 0.18 0.13 0.05 
Total Vineyards 0.00 0.00 0.00 
TOTAL 15.73 9.22 6.51 
Notes: 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to 
the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The applied 
water does not include applied water used for rice straw decomposition.  
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.   

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In 
an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% (GCID, 
2006). 
 



TABLE A.64 
 

MAXWELL PUBLIC UTILITY DISTRICT WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Almonds 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Beans (dry) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Field Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Pasture 1.55 1.07 0.48 2.06 1.41 0.64 2.32 1.61 0.71 
Other Truck Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rice Land (Production) 11.60 6.61 4.99 15.95 9.09 6.86 16.44 9.37 7.07 
Safflower 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Grain 0.12 0.08 0.04 0.36 0.25 0.11 0.35 0.25 0.11 
Total Vineyards 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 13.26 7.76 5.50 18.36 10.75 7.61 19.11 11.23 7.88 
Notes: 
According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005). 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  
The applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water. 
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 
90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   The 
year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in the DWR 
Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly climatic factors and 
cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and evapotranspiration of applied 
water coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is determined for the average year.  

 



Princeton-Codora-Glenn Irrigation District 
 

The users in the Princeton-Codora-Glenn Irrigation District have access to surface water 
from the Sacramento River and groundwater.  The following summarizes the land use, water 
source distribution, water use, and water use scenario analyses: 
 

• From 1993 to 2003, rice was the dominant crop. 
 
• From 1993 to 2003, water use was mostly surface water. 

 
• Most of the applied water requirement and water used was for rice in all three 

scenarios. 
 
 



TABLE A.65 
 

PRINCETON-CODORA-GLENN ID LAND USE (1993-2003) 
Area (acres) 1993-2003 Change  

Land Use 1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 9.81 0.00 0.00 -9.81 -100.00% 
Other Deciduous Crops 133.96 187.49 146.43 12.48 9.31% 
Pistachios 0.00 0.00 0.00 0.00 0.00% 
Total Citrus and Subtropical 8.32 0.00 0.00 -8.32 -100.00% 
Total Vineyards 0.00 0.00 0.00 0.00 0.00% 
Subtotal 152.08 187.49 146.43 -5.65 -3.71% 
Non-Permanent Crops      
Alfalfa and Alfalfa Mixtures 55.69 74.85 72.85 17.16 30.81% 
Beans (dry) 50.23 43.29 41.11 -9.11 -18.14% 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00% 
Cotton 0.00 0.00 0.00 0.00 0.00% 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00% 
Other Field Crops 24.23 9.29 20.94 -3.28 -13.56% 
Other Pasture 62.94 23.23 60.69 -2.24 -3.56% 
Other Truck Crops 298.67 156.04 0.00 -298.67 -100.00% 
Rice Land (Production) 4,174.32 4,368.95 3,899.62 -274.70 -6.58% 
Safflower 142.35 140.52 287.21 144.87 101.77% 
Sugar Beets 0.00 0.00 0.00 0.00 0.00% 
Tomatoes 36.95 0.00 0.00 -36.95 -100.00% 
Total Grain 76.00 137.79 94.40 18.41 24.22% 
Total Semiagricultural and Incidental to Agriculture 
(Livestock feed lots, dairies, poultry farms, farmsteads) 72.24 71.71 65.03 -7.21 -9.98% 
Subtotal 4,993.60 5,025.67 4,541.86 -451.74 -9.05% 
TOTAL – AGRICULTURE 5,145.68 5,213.16 4,688.29 -457.39 -8.89% 
TOTAL – DOMESTIC & M&I 60.76 76.95 53.65 -7.11 -11.70% 
OTHER      
Not Surveyed2 14.66 0.00 0.00 -14.66 -100.00% 
Total Barren 0.00 0.00 0.00 0.00 0.00% 
Total Fallow/Idle 142.22 70.86 116.76 -25.46 -17.90% 
Total Native, Riparian Vegetation-Excludes Wildlife 
Refuges 216.91 106.60 387.04 170.13 78.43% 
Total Water 53.11 112.89 144.54 91.42 172.12% 
Urban Vacant1 4.20 57.08 138.99 134.80 3212.59% 
TOTAL – OTHER 431.10 347.43 787.32 356.22 82.63% 
TOTAL – GROSS AREA 5,637.54 5,637.54 5,529.26 -108.28 -1.92% 
TOTAL – NET AREA3  5,206.43 5,290.11 4,741.94 -464.50 -8.92% 
Also services Glenn County; Only Colusa County land use data presented here.  
 

1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within urban areas), railroad right 
of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, tennis court areas, auto sales lots), and airport 
runways. 
 

2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 
3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003a. 
 



TABLE A.66 
 

PRINCETON-CODORA-GLENN WATER SOURCE DISTRIBUTION (1993-2003) 
Water Source 1993 1998 2003 

Surface Water 5,305.73 94.11% 112.89 2.00% 4,099.10 74.13% 
Groundwater 64.06 1.14% 76.95 1.36% 108.57 1.96% 
Mixed Use 0.00 0.00% 0.00 0.00% 728.07 13.17% 
Unknown 267.75 4.75% 5,447.70 96.63% 593.52 10.73% 

TOTAL 5,637.54 100.00% 5,637.54 100.00% 5,529.26 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both were 
used in that particular year. 
 
Sources:  DWR 1993; DWR 1998; DWR 2003. 
 



TABLE A.67 
 

PRINCETON-CODORA-GLENN APPLIED WATER AND CONSUMPTIVE USE 
(ac-ft) 

2003 
Land Use Applied 

Water Consumptive Use Excess Applied 
Water 

Alfalfa and Alfalfa Mixtures 335.21 211.25 0.00 
Almonds 0.00 0.00 0.00 
Beans (dry) 79.76 49.34 168.07 
Corn (field and sweet) 0.00 0.00 0.00 
Cotton 0.00 0.00 30.43 
Onions and Garlic 0.00 0.00 0.00 
Other Deciduous Crops 510.64 342.57 0.00 
Other Field Crops 42.30 26.75 0.00 
Other Pasture 297.31 183.38 0.00 
Other Truck Crops 0.00 0.00 15.54 
Pistachios 0.00 0.00 16.87 
Rice Land (Production) 21284.48 10918.94 10,365.54 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 
Total Grain 45.23 28.36 123.96 
Total Vineyards 0.00 0.00 113.93 

TOTAL 22,594.92 11,760.59 10,834.34 
Notes: 
Also services Glenn County; Only Colusa County calculations presented here. 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's 
crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water 
crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 
2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance 
efficiency.  The applied water does not include applied water used for rice straw decomposition.  
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.     

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa 
Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is 
assumed to be 90% (GCID, 2006).   

 



TABLE A.68 
 

PRINCETON-CODORA-GLENN ID WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Alfalfa and Alfalfa Mixtures 263.02 166.96 96.06 360.40 225.67 134.73 366.92 233.10 133.82 
Almonds 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Beans (dry) 83.63 52.19 31.44 88.61 55.48 33.13 106.33 66.64 39.69 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Deciduous Crops 382.13 257.63 124.49 525.71 349.67 176.04 551.07 369.78 181.28 
Other Field Crops 36.53 22.83 13.69 37.97 23.37 14.60 47.82 31.06 16.75 
Other Pasture 228.42 141.83 86.58 303.81 188.15 115.66 343.03 214.58 128.45 
Other Truck Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rice Land (Production) 18,243.84 9,359.09 8,884.75 25,085.28 12,868.75 12,216.53 25,845.44 13,258.71 12,586.73 
Safflower 0.00 0.00 0.00 92.06 57.44 34.62 230.34 143.61 86.74 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Grain 29.41 18.40 11.01 89.66 55.99 33.66 89.00 56.11 32.89 
Total Vineyards 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 19,266.97 10,018.94 9,248.03 26,583.50 13,824.52 12,758.98 27,579.94 14,373.60 13,206.34 
Notes: 
 

Also services Glenn County; Only Colusa County calculations presented here. 
 

According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005). 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The 
applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water. 
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% 
(GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   The year 
2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in the DWR Bulletin 
120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly climatic factors and cultural 
practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and evapotranspiration of applied water 
coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is determined for the average year.  

 



Provident Irrigation District 
 

The users in the Provident Irrigation District have access to surface water from the 

Sacramento River and groundwater.  The following summarizes the land use, water source 

distribution, water use, and water use scenario analyses: 

 

• From 1993 to 2003, rice was the dominant crop. 

 

• From 1993 to 2003, water use was mostly surface water. 

 

• Most of the applied water requirement and water used was for rice in all three 

scenarios. 

 
 



TABLE A.69 
 

PROVIDENT IRRIGATION DISTRICT LAND USE (1993-2003) 
Area (acres) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 0.00 0.00 0.00 0.00 0.00% 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00% 
Pistachios 0.00 0.00 0.00 0.00 0.00% 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00% 
Total Vineyards 0.00 0.00 0.00 0.00 0.00% 
Subtotal 0.00 0.00 0.00 0.00 0.00% 
Non-Permanent Crops      
Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00% 
Beans (dry) 0.00 0.00 0.00 0.00 0.00% 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00% 
Cotton 0.00 0.00 0.00 0.00 0.00% 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00% 
Other Field Crops 0.00 0.00 0.00 0.00 0.00% 
Other Pasture 0.00 0.00 0.00 0.00 0.00% 
Other Truck Crops 0.00 0.00 0.00 0.00 0.00% 
Rice Land (Production) 2,012.11 1,793.37 1,951.05 -61.06 -3.03% 
Safflower 0.00 0.00 0.00 0.00 0.00% 
Sugar Beets 0.00 0.00 0.00 0.00 0.00% 
Tomatoes 0.00 0.00 0.00 0.00 0.00% 
Total Grain 0.00 0.00 0.00 0.00 0.00% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, poultry 
farms, farmsteads) 0.00 0.00 0.00 

0.00 

0.00% 
Subtotal 2,012.11 1,793.37 1,951.05 -61.06 -3.03% 
TOTAL – AGRICULTURE 2,012.11 1,793.37 1,951.05 -61.06 -3.03% 
TOTAL – DOMESTIC & M&I 0.00 0.00 0.37 0.37 100.00% 
Not Surveyed2 7.56 0.00 0.00 -7.56 -100.00% 
Total Barren 0.00 0.00 0.00 0.00 0.00% 
Total Fallow/Idle 2.30 195.29 0.00 -2.30 -100.00% 
Total Native, Riparian Vegetation-Excludes 
Wildlife Refuges 20.82 4.39 105.04 

84.22 
404.51% 

Total Water 100.40 126.68 55.66 -44.74 -44.56% 
Urban Vacant1 0.00 23.45 29.50 29.50 100.00% 
TOTAL – OTHER 131.08 349.81 190.20 59.12 45.11% 
TOTAL – GROSS AREA 2,143.18 2,143.18 2,141.62 -1.56 -0.07% 
TOTAL – NET AREA3  2,012.11 1,793.37 1,951.42 -60.69 -3.02% 
Also services Glenn County; Only Colusa County land use data presented here. 
 

1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within urban areas), railroad 
right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, tennis court areas, auto s ales lots), and 
airport runways. 
 

2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not Surveyed. 
 

Sources:  (DWR, 1993), (DWR, 1998), (DWR, 2003a). 
 



TABLE A.70 
 

PROVIDENT IRRIGATION DISTRICT WATER SOURCE DISTRIBUTION (1993-2003) 
Water Source 1993 1998 2003 2003-Glenn 

Surface Water 2,129.75 99.37% 126.68 5.91% 1,208.55 56.43% 18,684.77 75.09% 
Groundwater 0.00 0.00% 0.00 0.00% 341.06 15.93% 38.70 0.16% 
Mixed Use 5.88 0.27% 0.00 0.00% 458.06 21.39% 1,422.69 5.72% 
Unknown 7.56 0.35% 2,016.50 94.09% 133.95 6.25% 4,737.18 19.04% 

TOTAL 2,143.18 100.00% 2,143.18 100.00% 2,141.62 100.00% 24,883.34 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both were used in that 
particular year. 
 
Sources:  DWR 1993; DWR 1998; DWR 2003. 

 



TABLE A.71 
 

PROVIDENT IRRIGATION DISTRICT APPLIED WATER AND CONSUMPTIVE USE 
(ac-ft) 

2003 
Land Use 

Applied Water Consumptive Use Excess Applied 
Water 

Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 

Almonds 0.00 0.00 0.00 
Beans (dry) 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 
Onions and Garlic 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 
Other Field Crops 0.00 0.00 0.00 
Other Pasture 0.00 0.00 0.00 
Other Truck Crops 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 
Rice Land (Production) 10,649.00 5,462.94 5,186.07 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 
Total Grain 0.00 0.00 0.00 
Total Vineyards 0.00 0.00 0.00 

TOTAL 10,649.00 5,462.94 5,186.07 
Notes: 
Also services Glenn County; Only Colusa County calculations presented here. 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients 
for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients 
(DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 
2003 land use data (DWR, 2003a) and dividing by the  corresponding water conveyance efficiency.  The applied water does 
not include applied water used for rice straw decomposition. 
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.    

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an 
open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% (GCID, 2006). 
 

 



TABLE A.72 
 

PROVIDENT IRRIGATION DISTRICT WET, AVERAGE, AND DRY YEAR SCENARIOS 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Almonds 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Beans (dry) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Onions and Garlic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Field Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Pasture 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Truck Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rice Land (Production) 9,127.72 4,682.52 4,445.20 12,550.61 6,438.46 6,112.15 12,930.93 6,633.57 6,297.36 
Safflower 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Grain 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Vineyards 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 9,127.72 4,682.52 4,445.20 12,550.61 6,438.46 6,112.15 12,930.93 6,633.57 6,297.36 
Notes: 
Also services Glenn County; Only Colusa County calculations presented here. 
 

According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005).  
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The 
applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.  
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% 
(GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   The year 2000 
is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in the DWR Bulletin 120 water 
supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly climatic factors and cultural practices specific to the 
given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and evapotranspiration of applied water coefficients for 2000 is much greater 
than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is determined for the average year. 

 



Reclamation District No. 108 
 

The users in the Reclamation District No. 108 have access to surface water from the 

Sacramento River and groundwater.  The following summarizes the land use, water source 

distribution, water use, and water use scenario analyses: 

 

• Between 1993 and 2003, this area was mostly non-permanent crops, primarily 

rice. 

 

• In 1993 and 2003, most of the water use was surface water. 
 
 



TABLE A.73 
 

RECLAMATION DISTRICT NO.108 LAND USE (1993-2003) 
Area (ac) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 0.00 9.73 0.00 0.00 0.00% 
Other Deciduous Crops 292.47 277.94 253.93 -38.54 -13.18% 
Pistachios 0.00 0.00 0.00 0.00 0.00% 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00% 
Total Vineyards 0.00 0.00 0.00 0.00 0.00% 
Subtotal 292.47 287.68 253.93 -38.54 -13.18% 
Non-Permanent Crops      
Alfalfa and Alfalfa Mixtures 1,181.68 1,280.52 1,316.96 135.28 11.45% 
Beans (dry) 464.18 574.59 981.63 517.45 111.48% 
Corn (field and sweet) 1,236.82 587.65 177.50 -1,059.32 -85.65% 
Cotton 0.00 0.00 0.00 0.00 0.00% 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00% 
Other Field Crops 318.53 307.65 224.00 -94.53 -29.68% 
Other Pasture 208.13 12.47 0.78 -207.35 -99.62% 
Other Truck Crops 1,080.79 1,306.73 1,285.55 204.75 18.94% 
Rice Land (Production) 14,361.26 13,640.47 15,961.87 1,600.61 11.15% 
Safflower 3,860.12 4,094.08 3,355.51 -504.61 -13.07% 
Sugar Beets 550.44 221.83 0.00 -550.44 100.00% 
Tomatoes 3,570.59 4,412.05 2,315.08 -1,255.51 -35.16% 
Total Grain 4,059.04 3,354.18 2,553.29 -1,505.74 -37.10% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 73.69 56.97 65.12 -8.57 -11.63% 
Subtotal 30,965.28 29,849.19 28,237.28 -2,727.99 -8.81% 
TOTAL – AGRICULTURE 31,257.75 30,136.87 28,491.21 -2,766.54 -8.85% 
TOTAL – DOMESTIC & M&I 34.57 85.27 48.34 13.77 39.83% 

OTHER      
Urban Vacant1 0.00 973.53 208.63 208.63 100.00% 
Not Surveyed2 17.46 0.99 0.00 -17.46 100.00% 
Total Barren 0.00 0.00 1.98 1.98 100.00% 
Total Fallow/Idle 1,112.69 730.93 1,126.98 14.30 1.28% 
Total Native, Riparian Vegetation-
Excludes Wildlife Refuges 248.14 350.07 2,324.95 2,076.81 836.96% 
Total Water 517.25 910.19 985.42 468.17 90.51% 
TOTAL –  OTHER 1,895.53 2,965.71 4,647.97 2,752.44 145.21% 
TOTAL – GROSS AREA 33,187.85 33,187.85 33,187.52 -0.33 0.00% 

TOTAL – NET AREA3 31,292.32 30,222.14 28,539.55 -2,752.76 -8.80% 
Also services Yolo County; Only Colusa County land use data presented here. 
 

1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within 
urban areas), railroad right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, 
tennis court areas, auto sales lots), and airport runways. 
 

2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 

3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and 
Not Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003a.  
 



TABLE A.74 
 

RECLAMATION DISTRICT NO.108 WATER SOURCE DISTRIBUTION (1993-2003) 
Water Source 1993 1998 2003 

Surface Water 32,414.73 97.67% 910.19 2.74% 29,000.76 87.38% 
Groundwater 117.50 0.35% 85.27 0.26% 55.98 0.17% 
Mixed Use 331.49 1.00% 0.00 0.00% 1,530.10 4.61% 
Unknown 324.13 0.98% 32,192.38 97.00% 2,600.69 7.84% 
TOTAL 33,187.85 100.00% 33,187.85 100.00% 33,187.52 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both were 
used in that particular year. 
 
Sources:  DWR 1993; DWR 1998; DWR 2003.   



TABLE A.75 
 

RECLAMATION DISTRICT NO.108 APPLIED WATER AND CONSUMPTIVE USE 
(ac-ft) 

2003  
 

Land Use Applied Water Consumptive Use Excess Applied 
Water 

Alfalfa and Alfalfa Mixtures 6,060.20 3,819.19 2,241.01 
Almonds 0.00 0.00 0.00 
Beans (dry) 1,904.44 1,177.95 726.48 
Corn (field and sweet) 440.67 279.56 161.11 
Cotton 0.00 0.00 0.00 
Onions and Garlic 0.00 0.00 0.00 
Other Deciduous Crops 885.49 594.04 291.45 
Other Field Crops 452.41 286.14 166.27 
Other Pasture 3.84 2.37 1.47 
Other Truck Crops 4,044.13 2,664.18 1,379.95 
Pistachios 0.00 0.00 0.00 
Rice Land (Production) 87,121.29 44,693.22 42,428.07 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Tomatoes 6,243.38 3,935.64 2,307.74 
Total Citrus and Subtropical 0.00 0.00 0.00 
Total Grain 1,223.40 767.08 456.32 
Total Vineyards 0.00 0.00 0.00 
TOTAL 108,379.25 58,219.38 50,159.87 
Notes: 
Also services Yolo County; Only Colusa County land use data presented here. 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to 
the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The applied 
water does not include applied water used for rice straw decomposition.  
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.    

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In 
an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% (GCID, 
2006). 
 



TABLE A.76 
 

RECLAMATION DISTRICT NO.108 WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Alfalfa and Alfalfa Mixtures 4,755.12 3,018.48 1,736.64 6,515.67 4,079.95 2,435.72 6,633.51 4,214.28 2,419.23 
Almonds 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Beans (dry) 1,996.71 1,246.04 750.67 2,115.63 1,324.56 791.07 2,538.71 1,591.19 947.52 
Corn (field and sweet) 384.22 241.70 142.52 416.03 264.23 151.80 496.83 315.62 181.21 
Cotton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Deciduous Crops 662.64 446.76 215.88 911.62 606.35 305.27 955.60 641.24 314.36 
Other Field Crops 390.69 244.23 146.46 406.19 249.98 156.21 511.45 332.26 179.19 
Other Pasture 2.95 1.83 1.12 3.93 2.43 1.50 4.44 2.78 1.66 
Other Truck Crops 2,625.46 1,671.21 954.25 3,029.38 1,928.32 1,101.06 3,433.29 2,185.43 1,247.87 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rice Land (Production) 74,675.40 38,308.48 36,366.92 102,678.67 52,674.16 50,004.51 105,790.14 54,270.34 51,519.80 
Rice Straw Decomposition 11,971.40 ---  --- 11,971.40 ---  --- 11,971.40 ---  --- 
Safflower 0.00 0.00 0.00 1,075.53 671.10 404.43 2,691.09 1,677.75 1,013.34 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 5,957.45 3,700.38 2,257.07 6,672.63 4,167.15 2,505.48 0.00 5,089.92 -5,089.92 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Grain 795.55 497.73 297.82 2,424.99 1,514.45 910.54 2,407.26 1,517.59 889.67 
Total Vineyards 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 92,246.19 49,376.83 42,869.36 126,250.26 67,482.68 58,767.58 125,462.33 71,838.40 53,623.93 
Notes: 
Also services Yolo County; Only Colusa County land use data presented here. 
 

According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005). 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance 
efficiency.  The applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water. 
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to 
be 90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   
The year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in 
the DWR Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly climatic 
factors and cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and 
evapotranspiration of applied water coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is 
determined for the average year.  



Reclamation District No. 1004 
 

The users in the Reclamation District No. 1004 have access to surface water from the 

Sacramento River and groundwater.  The following summarizes the land use, water source 

distribution, water use, and water use scenario analyses: 

 

• From 1993 to 2003, rice was the dominant crop. 

 

• From 1993 to 2003, water use was mostly surface water. 

 

• Most of the applied water requirement and water used was for rice in all three 

scenarios. 

 

 



TABLE A.77 
 

RECLAMATION DISTRICT NO.1004 LAND USE (1993-2003) 
Area (acres) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      

Permanent Crops      

Almonds 0.00 0.00 0.00 0.00 0.00% 

Pistachios 0.00 0.00 0.00 0.00 0.00% 

Other Deciduous Crops 168.70 132.26 17.62 -151.08 -89.56% 

Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00% 

Total Vineyards 0.00 0.00 0.00 0.00 0.00% 

Subtotal 168.70 132.26 17.62 -151.08 -89.56% 

Non-Permanent      

Beans (dry) 502.58 350.50 197.27 -305.31 -60.75% 
Corn (field and sweet) 74.65 0.00 75.20 0.55 0.74% 

Cotton 0.00 0.00 0.00 0.00 0.00% 

Safflower 228.46 381.99 44.16 -184.29 -80.67% 

Sugar Beets 0.00 0.00 0.00 0.00 0.00% 

Other Field Crops 110.42 133.23 68.38 -42.03 -38.07% 

Total Grain 0.65 0.19 27.04 26.39 4067.43% 

Rice Land (Production) 13,646.60 12,748.95 12,840.43 -806.17 -5.91% 

Onions and Garlic 0.00 0.00 0.00 0.00 0.00% 

Tomatoes 1.01 156.47 0.05 -0.96 -94.91% 

Other Truck Crops 235.24 0.00 5.19 -230.06 -97.80% 

Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00% 

Other Pasture 35.36 38.21 32.20 -3.16 -8.95% 

Total Semiagricultural and Incidental to Agriculture 
(Livestock feed lots, dairies, poultry farms, farmsteads) 

26.77 11.60 21.01 -5.76 -21.51% 

Subtotal 14,861.74 13,953.39 13,310.94 -1,550.80 -10.43% 

TOTAL – AGRICULTURE 15,030.44 13,953.39 13,328.56 -1,701.88 -11.32% 

TOTAL – DOMESTIC & M&I 35.75 39.26 22.18 -13.57 -37.97% 

OTHER      

Total Water 107.19 1,000.61 515.11 407.92 380.54% 

Total Fallow/Idle 1,345.50 792.96 354.93 -990.57 -73.62% 

Total Barren 0.00 0.00 0.00 0.00 0.00% 

Total Native, Riparian Vegetation-Excludes Wildlife Refuges 4,846.91 5,551.29 6,957.19 2,110.28 43.54% 

Urban Vacant1 5.66 61.33 221.10 215.44 3804.04% 

Not Surveyed2 28.05 0.66 0.00 -28.05 -100.00% 

TOTAL – OTHER 6,333.32 7,406.85 8,048.33 1,715.01 27.08% 

TOTAL – GROSS AREA 21,399.51 21,399.51 21,399.07 -0.44 0.00% 

TOTAL – NET AREA3  15,066.19 13,992.66 13,350.74 -1,715.45 -11.39% 
Also services Glenn County; Only Colusa County land use data presented here. 
 

1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within urban areas), railroad right of ways, paved 
areas (parking lots, paved roads, oiled surfaces, flood control channels, tennis court areas, auto sales lots), and airport runways. 
 

2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 

3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003a. 
 



 
TABLE A.78 

 
RECLAMATION DISTRICT NO. 1004 WATER SOURCE DISTRIBUTION (1993-2003) 

Water Source 1993 1998 2003 2003-Glenn 
Surface Water 18,260.51 85.33% 1,000.61 4.68% 18,051.98 84.36% 2,113.66 66.28% 
Groundwater 92.60 0.43% 39.26 0.18% 103.22 0.48% 955.33 29.96% 
Mixed Use 309.94 1.45% 0.00 0.00% 598.83 2.80% 0.00 0.00% 
Unknown 2,736.46 12.79% 20,359.63 95.14% 2,645.05 12.36% 120.09 3.77% 
TOTAL 21,399.51 100.00% 21,399.51 100.00% 21,399.07 100.00% 3,189.08 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both were used in that 
particular year. 
 
Sources:  DWR 1993; DWR 1998; DWR 2003. 



TABLE A.79 
 

RECLAMATION DISTRICT NO. 1004 APPLIED WATER AND CONSUMPTIVE USE 
(ac-ft) 

2003 
Land Use 

Applied Water 
Consumptive 

Use 
Excess Applied 

Water 
Almonds 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 
Other Deciduous Crops 61.44 41.22 13.79 
Total Citrus and Subtropical 0.00 0.00 0.00 
Beans (dry) 382.72 236.73 109.60 
Corn (field and sweet) 186.70 118.44 52.22 
Cotton 0.00 0.00 0.00 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Other Field Crops 138.12 87.36 37.99 
Total Grain 12.96 8.12 27.05 
Rice Land (Production) 70,084.22 35,953.21 4,280.14 
Onions and Garlic 0.00 0.00 0.00 
Tomatoes 0.00 0.09 0.03 
Other Truck Crops 0.00 10.75 4.55 
Total Vineyards 0.00 0.00 0.00 
Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 
Other Pasture 0.00 97.28 22.83 

TOTAL 70,866.16 36,553.19 4,548.21 
Notes: 
Also services Glenn County; Only Colusa County calculations presented here. 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's 
crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water 
crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 
2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance 
efficiency.  The applied water does not include applied water used for rice straw decomposition. 
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.    

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa 
Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed 
to be 90% (GCID, 2006). 

 



TABLE A.80 
 

RECLAMATION DISTRICT NO.1004 WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptiv
e Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Almonds 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Deciduous Crops 45.98 45.98 31.00 14.98 63.26 42.07 21.18 66.31 44.50 
Total Citrus and Subtropical 158.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Beans (dry) 0.00 401.26 250.41 150.86 425.16 266.19 158.98 510.19 319.77 
Corn (field and sweet) 401.26 162.79 102.40 60.38 176.26 111.95 64.31 210.50 133.72 
Cotton 18.63 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Safflower 162.79 0.00 0.00 0.00 14.16 8.83 5.32 35.42 22.08 
Sugar Beets 1,094.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Field Crops 0.00 119.27 74.56 44.71 124.01 76.32 47.69 156.14 101.44 
Total Grain 0.00 8.43 5.27 3.15 25.68 16.04 9.64 25.49 16.07 
Rice Land (Production) 0.00 60,072.19 30,817.03 29,255.16 82,599.26 42,373.42 40,225.84 85,102.27 43,657.46 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 119.27 0.13 0.08 0.05 0.15 0.09 0.06 0.00 0.11 
Other Truck Crops 95.03 10.59 6.74 3.85 12.22 7.78 4.44 13.85 8.82 
Total Vineyards 8.43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alfalfa and Alfalfa Mixtures 6.95 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Pasture 60,072.19 121.17 75.24 45.93 161.17 99.81 61.36 181.97 113.83 

TOTAL 4,754.75 60,941.82 31,362.74 29,579.08 83,601.33 43,002.50 40,598.82 86,302.14 44,417.81 
Notes: 
Also services Glenn County; Only Colusa County calculations presented here. 
 

According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005). 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  
The applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water. 
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 
90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   The 
year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in the DWR 
Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly climatic factors and 
cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and evapotranspiration of applied 
water coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is determined for the average year.  

 



Robert’s Ditch Irrigation Company 
 

The users in the Robert’s Ditch Irrigation Company have access to surface water from the 

Sacramento River and groundwater.  The following summarizes the land use, water source 

distribution, water use, and water use scenario analyses: 

 

• In 1993, grain was the dominant crop. 

 

• In 2003, rice became the dominant crop. 

 

• In 1993, most of the water use was surface water. 

 

• In 2003, water use was mostly categorized as ‘Unknown.’ 

 

• Most of the applied water requirement and water used was for rice in all three 

scenarios. 

 

 



TABLE A.81 
 

ROBERT’S DITCH IRRIGATION COMPANY LAND USE (1993-2003) 
Area (ac) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 13.80 0.00 0.00 -13.80 -100.00% 
Pistachios 9.01 20.00 8.22 -0.79 -8.73% 
Other Deciduous Crops 207.54 283.17 241.20 33.66 16.22% 
Total Citrus and Subtropical 11.61 0.00 0.00 -11.61 -100.00% 
Total Vineyards 0.00 0.00 0.00 0.00 0.00% 
Subtotal 241.96 303.17 249.42 7.46 3.09% 
Non Permanent Crops      
Beans (dry) 32.88 202.57 120.20 87.32 265.57% 
Corn (field and sweet) 0.00 0.00 5.67 5.67 100.00% 
Cotton 0.00 0.00 5.40 5.40 100.00% 
Safflower 370.25 162.90 0.00 -370.25 -100.00% 
Sugar Beets 0.23 0.00 0.00 -0.23 -100.00% 
Other Field Crops 0.00 2.03 0.00 0.00 0.00% 
Total Grain 345.72 19.56 330.92 -14.80 -4.28% 
Rice Land (Production) 70.80 327.02 507.45 436.66 616.77% 
Onions and Garlic 0.00 0.00 6.80 6.80 100.00% 
Tomatoes 183.66 183.48 0.00 -183.66 -100.00% 
Other Truck Crops 28.03 100.24 1.92 -26.11 -93.17% 
Alfalfa and Alfalfa Mixtures 14.01 161.72 50.76 36.76 262.40% 
Other Pasture 62.35 115.09 144.81 82.46 132.25% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 

81.85 42.92 48.41 -33.44 -40.86% 

Subtotal 1,189.78 1,317.52 1,222.34 32.56 2.74% 
TOTAL – AGRICULTURE 1,431.74 1,620.70 1,471.76 40.03 2.80% 
TOTAL – DOMESTIC & M&I 177.65 157.26 147.29 -30.36 -17.09% 
OTHER      
Total Water 0.00 15.00 29.07 29.07 100.00% 
Total Fallow/Idle 226.71 99.09 52.63 -174.08 -76.78% 
Total Barren 0.00 0.00 0.00 0.00 0.00% 
Total Native, Riparian Vegetation-Excludes 
Wildlife Refuges 54.90 15.41 135.50 80.60 146.81% 
Urban Vacant1 17.62 1.16 72.37 54.75 310.63% 
Not Surveyed2 0.00 0.00 0.00 0.00 0.00% 

TOTAL – OTHER 299.23 130.66 289.57 -9.66 -3.23% 

TOTAL – GROSS AREA TOTAL 1,908.62 1,908.62 1,908.62 0.00 0.00% 

TOTAL – NET AREA3  1,609.39 1,777.96 1,619.05 9.66 0.60% 
1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within urban 
areas), railroad right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, tennis court 
areas, auto sales lots), and airport runways. 
 

2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 

3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not 
Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003a.  
 



TABLE A.82 
 

ROBERT’S DITCH IRRIGATION COMPANY WATER SOURCE DISTRIBUTION (1993-2003) 
Water Source 1993 1998 2003 

Surface Water 1,283.17 67.23% 15.00 0.79% 947.43 49.64% 
Groundwater 240.00 12.57% 157.26 8.24% 534.20 27.99% 
Mixed Use 231.06 12.11% 0.00 0.00% 122.70 6.43% 
Unknown 154.38 8.09% 1,736.36 90.97% 304.29 15.94% 
TOTAL 1,908.62 100.00% 1,908.62 100.00% 1,908.62 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both were 
used in that particular year. 
 
Sources:  DWR 1993; DWR 1998; DWR 2003. 



TABLE A.83 
 

ROBERT’S DITCH IRRIGATION COMPANY APPLIED WATER AND CONSUMPTIVE USE 
(ac-ft) 

2003  
 

Land Use Applied Water Consumptive Use 
Excess 

Applied 
Water 

Almonds 0.00 0.00 0.00 

Pistachios 26.41 19.73 6.68 

Other Deciduous Crops 841.10 564.26 276.84 

Total Citrus and Subtropical 0.00 0.00 0.00 

Beans (dry) 233.21 144.25 88.96 

Corn (field and sweet) 14.09 8.94 5.15 

Cotton 18.18 11.21 6.97 

Safflower 0.00 0.00 0.00 

Sugar Beets 0.00 0.00 0.00 

Other Field Crops 0.00 0.00 0.00 

Total Grain 158.56 99.42 59.14 

Rice Land (Production) 2,769.73 1,420.87 1,348.86 

Onions and Garlic 25.17 15.63 9.54 

Tomatoes 0.00 0.00 0.00 

Other Truck Crops 6.02 3.97 2.06 

Total Vineyards 0.00 0.00 0.00 

Alfalfa and Alfalfa Mixtures 233.59 147.21 86.38 

Other Pasture 709.35 437.53 271.81 

TOTAL 5,035.41 2,873.021 2,162.39 
Notes: 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients 
for Applied Water and Consumptive Use. 
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients 
(DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficient s (DWR, 2007a)  to the 
2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The applied water 
does not include applied water used for rice straw decomposition. 
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.   

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an 
open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% (GCID, 2006). 

 



TABLE A.84 
 

ROBERT’S DITCH IRRIGATION COMPANY WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Almonds 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pistachios 20.06 14.79 5.26 27.54 20.56 6.98 30.84 23.02 7.82 
Other Deciduous Crops 629.42 424.36 205.06 865.92 575.95 289.97 907.69 609.09 298.60 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Beans (dry) 244.50 152.58 91.92 259.07 162.20 96.87 310.87 194.85 116.03 
Corn (field and sweet) 12.28 7.73 4.56 13.30 8.45 4.85 15.88 10.09 5.79 
Cotton 15.52 9.67 5.85 17.22 10.75 6.48 19.83 12.36 7.47 
Safflower 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Field Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Grain 103.11 64.51 38.60 314.29 196.28 118.01 311.99 196.69 115.31 
Rice Land (Production) 2,374.05 1,217.89 1,156.16 3,264.32 1,674.60 1,589.73 3,363.24 1,725.34 1,637.90 
Onions and Garlic 16.66 10.19 6.46 27.76 16.99 10.77 28.87 17.67 11.20 
Tomatoes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Truck Crops 3.91 2.49 1.42 4.51 2.87 1.64 5.11 3.26 1.86 
Total Vineyards 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alfalfa and Alfalfa Mixtures 183.29 116.35 66.94 251.15 157.26 93.89 255.69 162.44 93.25 
Other Pasture 544.98 338.40 206.58 724.87 448.91 275.96 818.43 511.97 306.46 

TOTAL 4,147.78 2,358.96 1,788.82 5,769.95 3,274.81 2,495.14 6,068.45 3,466.77 2,601.68 
Notes: 
According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005). 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to th e 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  
The applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water. 
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to 
be 90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   
The year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in the 
DWR Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly climatic 
factors and cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and 
evapotranspiration of applied water coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is 
determined for the average year.  

 



Willow Creek Mutual Water Company 
 

The Willow Creek Mutual Water Company uses mostly groundwater.  The following 

summarizes the land use, water source distribution, water use, and water use scenario 

analyses: 

 

• From 1993 to 2003, rice was the dominant crop. 

 

• From 1993 to 2003, the dominant water source is likely groundwater. 

 

• Most of the applied water requirement and water used was for rice in all three 

scenarios. 

 



TABLE A.85 
 

WILLOW CREEK MUTUAL WATER COMPANY LAND USE (1993-2003) 
Area (acres) 1993-2003 Change 

Land Use 1993  1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 0.00 0.00 0.00 0.00 0.00% 
Pistachios 0.00 0.00 0.00 0.00 0.00% 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00% 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00% 
Total Vineyards 0.00 0.00 0.00 0.00 0.00% 
Subtotal 0.00 0.00 0.00 0.00 0.00% 
Non-Permanent Crops      
Beans (dry) 0.00 0.00 0.00 0.00 0.00% 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00% 
Cotton 0.00 0.00 0.00 0.00 0.00% 
Safflower 0.00 0.00 0.00 0.00 0.00% 
Sugar Beets 0.00 0.00 0.00 0.00 0.00% 
Other Field Crops 0.00 141.92 0.00 0.00 0.00% 
Total Grain 0.00 0.00 0.00 0.00 0.00% 
Rice Land (Production) 2,040.95 2,341.83 2,161.37 120.42 5.90% 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00% 
Tomatoes 0.00 0.00 0.00 0.00 0.00% 
Other Truck Crops 0.00 0.00 0.00 0.00 0.00% 
Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00% 
Other Pasture 40.14 72.79 47.16 7.02 17.48% 
Total Semiagricultural and Incidental to Agriculture 
(Livestock feed lots, dairies, poultry farms, farmsteads) 0.00 0.00 1.74 1.74 100.00% 

Subtotal 2,081.10 2,556.54 2,208.54 127.44 6.12% 
TOTAL – AGRICULTURE 2,081.10 2,556.54 2,210.28 129.18 6.21% 
TOTAL – DOMESTIC & M&I 38.72 28.07 26.49 -12.23 -31.59% 
OTHER      
Total Water 17.79 137.46 152.18 134.39 755.51% 
Not Surveyed 36.35 2.94 34.51 -1.84 -5.06% 
Total Barren 0.00 0.00 0.00 0.00 0.00% 
Total Native, Riparian Vegetation-Excludes Wildlife 
Refuges 4,158.47 3,558.55 3,792.61 -365.86 -8.80% 

Urban Vacant1 0.00 62.92 130.42 130.42 100.00% 
Not Surveyed2 14.17 0.12 0.00 -14.17 -100.00% 
TOTAL – OTHER 4,226.78 3,761.99 4,109.71 -117.06 -2.77% 
TOTAL – GROSS AREA 6,346.60 6,346.60 6,346.48 -0.12 0.00% 

TOTAL – NET AREA3  2,119.82 2,584.61 2,236.77 116.95 5.52% 
Also services Glenn County; Only Colusa County land use data presented here. 
 

1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within urban areas), railroad 
right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, tennis court areas, auto sales lots), and airport 
runways. 
 

2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 

3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003a. 
 



TABLE A.86 
 

WILLOW CREEK MUTUAL WATER COMPANY 
WATER SOURCE DISTRIBUTION (1993-2003) 

Water Source 1993 1998 2003 
Surface Water 899.15 14.17% 137.46 2.17% 272.26 4.29% 
Groundwater 38.72 0.61% 28.07 0.44% 26.49 0.42% 
Mixed Use 5,161.06 81.32% 0.00 0.00% 5,618.42 88.53% 
Unknown 247.66 3.90% 6,181.07 97.39% 429.30 6.76% 
TOTAL 6,346.60 100.00% 6,346.60 100.00% 6,346.48 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both were used 
in that particular year. 
 
Sources:  DWR 1993; DWR 1998; DWR 2003. 

 



TABLE A.87 
 

WILLOW CREEK MUTUAL WATER COMPANY 
APPLIED WATER AND CONSUMPTIVE USE 

(ac-ft) 
2003 

Land Use 
Applied Water Consumptive 

Use 
Excess Applied 

Water 
Almonds 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 
Beans (dry) 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Other Field Crops 0.00 0.00 0.00 
Total Grain 0.00 0.00 0.00 
Rice Land (Production) 10,617.27 6,051.85 4,565.43 
Onions and Garlic 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 
Other Truck Crops 0.00 0.00 0.00 
Total Vineyards 0.00 0.00 0.00 
Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 
Other Pasture 29.67 142.50 30.09 

TOTAL 10,646.94 6,194.34 4,595.52 
Notes: 
 

Also services Glenn County; Only Colusa County calculations presented here. 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficien ts (DWR, 2007a)  
to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The 
applied water does not include applied water used for rice straw decomposition.  
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.   

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  
In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% 
(GCID, 2006). 

 



TABLE A.88 
 

WILLOW CREEK MUTUAL WATER COMPANY WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Almonds 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Beans (dry) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Safflower 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Field Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Grain 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rice Land (Production) 9,100.52 5,187.30 3,913.22 12,513.22 7,132.53 5,380.68 13,132.30 7,515.41 5,616.89 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Truck Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Vineyards 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Pasture 159.74 110.21 49.53 212.47 146.20 66.27 239.90 166.74 73.16 

TOTAL 9,260.26 5,297.51 3,962.76 12,725.69 7,278.74 5,446.95 13,372.20 7,682.15 5,690.04 
Notes: 
Also services Glenn County; Only Colusa County calculations presented here. 
 

According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005). 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  
The applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water. 
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 
90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   The 
year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in the DWR 
Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly climatic factors and 
cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and evapotranspiration of applied 
water coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is determined for the average year.  



NOA-1 
 

The users within NOA-1 contiguous area obtain most of their water from groundwater.  The 

following summarizes the land use, water source distribution, water use, and water use 

scenario analyses: 

 

• From 1993 to 2003, permanent crop decreased by 100 percent, with a complete 

elimination by 2003. 

 

• From 1993 to 2003, the urban areas decreased. 

 

• From 1993 to 2003, non-permanent crop decreased very little. 

 

• The dominant crop in this area was almonds (over 81 percent of total 

agricultural land in 2003); however, most of the area was urban (46 percent in 

2003). 

 

• In 2003, between 40 percent and 85 percent of water supply is groundwater 

(broad range due to ‘Mixed’ and ‘Unknown’ designations). 

 

• In all three scenarios, almonds require the most applied water and use the most 

water in this area. 

 

 



TABLE A.89 
 

NOA-1 LAND USE (1993-2003) 
Area (ac) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 0.00 0.00 0.00 0.00 0.00% 
Pistachios 0.00 0.00 0.00 0.00 0.00% 
Other Deciduous Crops 22.49 2.55 0.00 -22.49 -100.00% 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00% 
Total Vineyards 0.00 0.00 0.00 0.00 0.00% 
Subtotal 22.49 2.55 0.00 -22.49 -100.00% 
Non-Permanent Crops      
Beans (dry) 0.00 0.00 0.00 0.00 0.00% 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00% 
Cotton 0.00 0.84 0.00 0.00 0.00% 
Safflower 20.54 0.00 0.00 -20.54 -100.00% 
Sugar Beets 0.00 0.00 0.00 0.00 0.00% 
Other Field Crops 0.00 0.00 0.00 0.00 0.00% 
Total Grain 3.49 57.21 24.10 20.61 590.18% 
Rice Land (Production) 1.17 1.82 0.19 -0.97 -83.32% 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00% 
Tomatoes 0.60 18.17 0.00 -0.60 -100.00% 
Other Truck Crops 0.87 0.85 6.56 5.69 651.14% 
Alfalfa and Alfalfa Mixtures 0.00 0.00 0.22 0.22 100.00% 
Other Pasture 13.51 12.84 14.47 0.96 7.08% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 

8.98 1.23 12.62 3.64 40.57% 

Subtotal 49.17 92.96 58.17 9.00 18.31% 
TOTAL – AGRICULTURE 71.66 95.51 58.17 -13.49 -18.82% 
TOTAL – DOMESTIC & M&I 608.19 665.57 504.35 -103.84 -17.07% 
OTHER      
Total Water 0.00 0.00 5.20 5.20 100.00% 
Total Fallow/Idle 79.15 94.85 17.44 -61.71 -77.97% 
Total Barren 0.00 0.00 0.00 0.00 0.00% 
Total Native, Riparian Vegetation-Excludes 
Wildlife Refuges 

147.51 72.24 275.80 128.30 
86.98% 

Urban Vacant1 90.37 68.71 135.92 45.54 50.40% 
Not Surveyed2 0.00 0.00 0.00 0.00 0.00% 
TOTAL – OTHER 317.03 235.80 434.36 117.33 37.01% 
TOTAL – GROSS AREA 996.88 996.88 996.88 0.00 0.00% 
TOTAL – NET AREA3  679.85 761.08 562.52 -117.33 -17.26% 

1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within urban areas), railroad 
right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, tennis court areas, auto sales lots), and 
airport runways. 
 

2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 

3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003a. 



TABLE A.90 
 

NOA-1 WATER SOURCE DISTRIBUTION (1993-2003) 
 1993 1998 2003 

Surface Water 141.83 14.23% 1.82 --- 85.38 8.56% 
Groundwater 608.19 61.01% 665.57 --- 465.11 46.66% 
Mixed Use 0.00 0.00% 0.00 --- 0.00 0.00% 
Unknown 246.86 24.76% 329.49 33.05% 446.38 44.78% 
TOTAL 996.88 100.00% 996.88 33.05% 996.88 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both 
were used in that particular year. 
 
Sources:  DWR 1993; DWR 1998; DWR 2003. 

 



TABLE A.91 
 

NOA-1 APPLIED WATER AND CONSUMPTIVE USE 
(ac-ft) 

2003 
Land Use 

Applied Water Consumptive Use Excess Applied 
Water 

Almonds 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 
Beans (dry) 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Other Field Crops 0.00 0.00 0.00 
Total Grain 10.63 7.24 3.39 
Rice Land (Production) 0.98 0.55 0.43 
Onions and Garlic 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 
Other Truck Crops 19.01 13.60 5.41 
Total Vineyards 0.00 0.00 0.00 
Alfalfa and Alfalfa Mixtures 0.92 0.63 0.29 
Other Pasture 65.26 43.72 21.54 

TOTAL 96.81 65.75 31.06 
Notes: 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  
to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The 
applied water does not include applied water used for rice straw decomposition.  
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.    

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  
In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% 
(GCID, 2006). 

 



TABLE A.92 
 

NOA-1 WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptiv
e Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptiv
e Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptiv
e Use 

Excess 
Applied 
Water 

Almonds 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Beans (dry) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Safflower 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Field Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Grain 6.91 4.70 2.22 21.07 14.29 6.78 20.92 14.32 6.59 
Rice Land (Production) 0.84 0.47 0.37 1.15 0.64 0.51 1.19 0.66 0.53 
Rice Straw Decomposition 0.15 0.00 --- 0.15 0.00 --- 0.15 0.00 --- 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Truck Crops 12.34 8.53 3.81 14.24 9.85 4.40 16.14 11.16 4.98 
Total Vineyards 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alfalfa and Alfalfa Mixtures 0.73 0.50 0.23 0.99 0.68 0.32 1.01 0.70 0.31 
Other Pasture 50.14 33.82 16.32 66.69 44.86 21.83 75.30 51.16 24.13 

TOTAL 70.96 48.02 22.94 104.15 70.32 33.83 114.56 78.01 36.55 
Notes: 
According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005). 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance 
efficiency.  The applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water. 
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is 
assumed to be 90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water 
year.   The year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an 
‘average’ year in the DWR Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are 
adjusted for monthly climatic factors and cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  
The applied water and evapotranspiration of applied water coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are 
lower than for what is determined for the average year.  

 



NOA-2 
 

The users within NOA-2 contiguous area were shown to have an even distribution of water 

designated under all four water source categories.  Due to the presence of ‘Mixed Use’ and 

‘Unknown’ categories and the even distribution of surface water and groundwater, it is 

uncertain which water source is dominant.  Based on historical water source designations, it 

is likely that groundwater is still a dominant water source.  Surface water is likely from the 

Sacramento River or the Colusa Basin Drain.  The following summarizes the land use, water 

source distribution, water use, and water use scenario analyses: 

 

• From 1993 to 2003, permanent crops increased by 40 percent (mostly 

almonds); non-permanent crops decreased by 13 percent. 

 

• From 1993 to 2003, urban areas more than doubled. 

 

• The dominant crops in this area were tomatoes and grain (over 24 percent and 

29 percent of total agricultural land in 2003, respectively). 

 

• In 2003, between 40 percent and 85 percent of water supply was groundwater 

(broad range due to ‘Mixed’ and ‘Unknown’ designations). 

 

• In all three scenarios, almonds require the most applied water and use the most 

water in this area. 

 
 



TABLE A.93 
 

NOA-2 LAND USE (1993-2003) 
Area (ac) 1993-2003 Change NOA-2 Land Use 

1993 1998 2003 ac % 
AGRICULTURE      

Permanent Crops      

Almonds 1,453.27 1,742.54 2,434.49 981.22 67.52% 

Pistachios 259.23 491.89 464.42 205.19 79.15% 

Other Deciduous Crops 1.29 2.43 35.62 34.32 2651.21% 

Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00% 

Total Vineyards 0.00 11.58 0.36 0.36 100.00% 

Subtotal 1,713.79 2,248.44 2,934.88 1,221.09 71.25% 

Non-Permanent Crops      

Beans (dry) 423.13 22.70 106.43 -316.70 -74.85% 

Corn (field and sweet) 224.96 316.30 356.44 131.48 58.44% 

Cotton 0.00 890.54 103.56 103.56 100.00% 

Safflower 72.98 87.62 91.13 18.15 24.87% 

Sugar Beets 293.81 157.66 0.00 -293.81 -100.00% 

Other Field Crops 130.90 160.24 40.17 -90.73 -69.31% 

Total Grain 3,378.22 2,952.10 3,692.10 313.88 9.29% 

Rice Land (Production) 21.71 105.33 134.77 113.06 520.75% 

Onions and Garlic 7.11 52.88 44.72 37.61 529.05% 

Tomatoes 4,174.32 2,895.84 3,079.79 -1,094.53 -26.22% 

Other Truck Crops 803.86 1,663.64 1,046.32 242.46 30.16% 

Alfalfa and Alfalfa Mixtures 1,029.61 1,228.95 828.70 -200.92 -19.51% 

Other Pasture 342.17 48.81 28.24 -313.93 -91.75% 

Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, poultry 
farms, farmsteads) 194.36 139.89 79.82 -114.55 -58.94% 

Subtotal 11,097.16 10,722.52 9,632.17 -1,464.98 -13.20% 

TOTAL – AGRICULTURE 12,810.95 12,970.95 12,567.06 -243.89 -1.90% 

TOTAL – DOMESTIC & M&I 29.60 47.09 81.38 51.78 174.95% 

OTHER      

Total Water 100.36 23.03 156.63 56.27 56.07% 

Total Fallow/Idle 145.72 298.80 101.88 -43.84 -30.09% 

Total Barren 0.00 28.82 18.62 18.62 100.00% 

Total Native, Riparian Vegetation-Excludes 
Wildlife Refuges 769.99 487.18 922.28 152.28 19.78% 

Urban Vacant1 256.53 257.29 265.31 8.78 3.42% 

Not Surveyed2 0.00 0.00 0.00 0.00 0.00% 

TOTAL - OTHER 1,272.61 1,095.11 1,464.71 192.11 15.10% 

TOTAL – GROSS AREA 14,113.16 14,113.16 14,113.16 0.00 0.00% 

TOTAL – NET AREA3  12,840.55 13,018.04 12,648.44 -192.11 -1.50% 
1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within urban areas), railroad right 
of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, tennis court areas, auto sales lots), and airport runways.  
 

2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 

3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR, 2003a. 
 



TABLE A.94 
 

NOA-2 WATER SOURCE DISTRIBUTION (1993-2003) 
Water Source 1993 1998 2003 

Surface Water 1,000.30 7.09% 23.03 0.16% 4,546.54 32.21% 
Groundwater 11,765.74 83.37% 0.00 0.00% 4,574.49 32.41% 
Mixed Use 126.23 0.89% 0.00 0.00% 3,626.54 25.70% 
Unknown 1,220.89 8.65% 14,090.13 99.84% 1,365.59 9.68% 
TOTAL 14,113.16 100.00% 14,113.16 100.00% 14,113.16 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both 
were used in that particular year. 
 
Sources:  DWR 1993; DWR 1998; DWR 2003. 

 



TABLE A.95 
 

NOA-2 APPLIED WATER AND CONSUMPTIVE USE 
(ac-ft) 

2003 
Land Use 

Applied Water Consumptive Use 
Excess Applied 

Water 
Almonds 7,298.00 5,842.00 1,456.00 
Pistachios 1,392.23 1,114.47 277.76 
Other Deciduous Crops 115.90 83.32 32.58 
Total Citrus and Subtropical 0.00 0.00 0.00 
Beans (dry) 192.68 127.71 64.97 
Corn (field and sweet) 825.78 561.39 264.39 
Cotton 325.47 215.04 110.43 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Other Field Crops 75.71 51.32 24.40 
Total Grain 1,650.84 1,109.22 541.63 
Rice Straw Decomposition 101.07 --- --- 
Onions and Garlic 154.55 102.85 51.70 
Tomatoes 7,750.63 5,235.64 2,514.98 
Other Truck Crops 3,071.60 2,168.41 903.19 
Total Vineyards 0.66 0.53 0.12 
Alfalfa and Alfalfa Mixtures 3,558.55 2,403.22 1,155.32 
Other Pasture 129.10 85.33 43.77 
TOTAL 27,228.11 19,477.80 7,750.32 
Notes: 

 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  
to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The 
applied water does not include applied water used for rice straw decomposition.  
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.   
Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  
In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% 
(GCID, 2006). 

 
 



TABLE A.96 
 

NOA-2 WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptiv
e Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptiv
e Use 

Excess 
Applied 
Water 

Almonds 5,541.75 4,380.30 1,161.45 7,608.58 6,086.22 1,522.36 8,520.49 6,814.80 1,705.69 
Pistachios 1,057.19 835.62 221.57 1,451.48 1,161.06 290.42 1,625.44 1,300.05 325.39 
Other Deciduous Crops 86.73 62.66 24.07 119.32 85.05 34.27 125.08 89.94 35.14 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Beans (dry) 202.02 135.09 66.92 214.05 143.61 70.44 256.85 172.52 84.34 
Corn (field and sweet) 720.00 485.36 234.64 779.61 530.60 249.00 931.02 633.81 297.22 
Cotton 277.90 185.54 92.35 308.41 206.20 102.21 355.01 237.18 117.84 
Safflower 0.00 0.00 0.00 27.26 18.23 9.03 68.20 45.56 22.64 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Field Crops 65.38 43.80 21.58 67.98 44.83 23.15 85.59 59.59 26.01 
Total Grain 1,073.50 719.73 353.78 3,272.24 2,189.92 1,082.32 3,248.33 2,194.46 1,053.87 
Rice Land (Production) 588.35 323.44 264.91 808.98 444.73 364.26 833.50 458.20 375.29 
Onions and Garlic 102.28 67.08 35.20 170.46 111.80 58.67 177.28 116.27 61.02 
Tomatoes 7,395.68 4,922.68 2,473.00 8,283.51 5,543.62 2,739.89 0.00 6,771.20 -6,771.20 
Other Truck Crops 1,994.09 1,360.22 633.88 2,300.88 1,569.48 731.40 2,607.66 1,778.74 828.91 
Total Vineyards 0.48 0.39 0.09 0.66 0.53 0.12 0.79 0.64 0.15 
Alfalfa and Alfalfa Mixtures 2,792.20 1,899.38 892.83 3,826.00 2,567.31 1,258.69 3,895.20 2,651.83 1,243.36 
Other Pasture 99.18 66.00 33.19 131.92 87.55 44.37 148.95 99.85 49.10 

TOTAL 21,996.75 15,487.28 6,509.46 29,371.34 20,790.73 8,580.61 22,879.39 23,424.64 -545.25 
Notes: 
According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005). 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance 
efficiency.  The applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water. 
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is 
assumed to be 90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   
The year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in 
the DWR Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly 
climatic factors and cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and 
evapotranspiration of applied water coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is 
determined for the average year.  



NOA-3 
 

The users within NOA-3 contiguous area have access to surface water from the Sacramento 

River or the Colusa Basin Drain and groundwater.  The following summarizes the land use, 

water source distribution, water use, and water use scenario analyses: 

 

• As of 2003, there were no permanent crops in this area. 

 

• As of 2003, no urbanization had occurred in this area. 

 

• The dominant crops in this area were tomatoes and grain (over 30 percent and 

46 percent of total agricultural land in 2003, respectively). 

 

• 1998 and 2003 indicated an unknown dominant water source for this area. 

 

• Rice requires the most applied water relative to its portion of total agriculture 

land. 

 

• In all three scenarios, tomatoes require the most applied water and use the most 

water in this area. 

 
 



TABLE A.97 
 

NOA-3 LAND USE (1993-2003) 
Area (ac) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      

Permanent Crops      

Almonds 0.00 0.00 0.00 0.00 0.00% 

Pistachios 0.00 0.00 0.00 0.00 0.00% 

Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00% 

Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00% 

Total Vineyards 0.00 0.00 0.00 0.00 0.00% 

Subtotal 0.00 0.00 0.00 0.00 0.00% 

Non-Permanent Crops      

Beans (dry) 126.74 0.00 0.00 -126.74 -100.00% 

Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00% 

Cotton 0.00 0.00 0.00 0.00 0.00% 

Safflower 0.00 178.86 0.00 0.00 0.00% 

Sugar Beets 223.41 0.00 0.00 -223.41 -100.00% 

Other Field Crops 63.01 0.00 0.00 -63.01 -100.00% 

Total Grain 277.28 489.33 603.69 326.40 117.72% 

Rice Land (Production) 84.91 24.31 86.36 1.45 1.71% 

Onions and Garlic 0.00 0.00 0.00 0.00 0.00% 

Tomatoes 158.09 329.26 397.06 238.97 151.16% 

Other Truck Crops 390.80 355.07 0.00 -390.80 -100.00% 

Alfalfa and Alfalfa Mixtures 0.00 0.00 222.02 222.02 100.00% 

Other Pasture 0.00 0.00 0.00 0.00 0.00% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 7.59 8.89 7.86 0.27 3.54% 

Subtotal 1,331.84 1,385.72 1,317.00 -14.84 -1.11% 

TOTAL – AGRICULTURE 1,331.84 1,385.72 1,317.00 -14.84 -1.11% 

TOTAL – DOMESTIC & M&I 0.00 0.00 0.16 0.16 100.00% 

OTHER      

Total Water 5.90 17.30 28.06 22.16 375.83% 

Total Fallow/Idle 92.09 28.06 25.52 -66.57 -72.29% 

Total Barren 0.00 0.00 0.00 0.00 0.00% 

Total Native, Riparian Vegetation-Excludes 
Wildlife Refuges 23.40 16.50 61.98 38.58 164.91% 

Urban Vacant1 0.00 5.64 20.50 20.50 100.00% 

Not Surveyed2 0.00 0.00 0.00 0.00 0.00% 

TOTAL – OTHER 121.38 67.50 136.06 14.68 12.09% 

GROSS AREA TOTAL 1,453.22 1,453.22 1,453.22 0.00 0.00% 

NET AREA3 TOTAL 1,331.84 1,385.72 1,317.16 -14.68 -1.10% 
1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within urban areas), railroad right 
of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, tennis court areas, auto sales lots), and airport runways. 
 

2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 

3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003a. 



TABLE A.98 
 

NOA-3 WATER SOURCE DISTRIBUTION (1993-2003) 
Water Source 1993 1998 2003 

Surface Water 729.33 50.19% 17.30 1.19% 645.16 44.40% 
Groundwater 686.45 47.24% 0.00 0.00% 0.16 0.01% 
Mixed Use 6.95 0.48% 0.00 0.00% 719.61 49.52% 
Unknown 30.48 2.10% 1,435.91 98.81% 88.30 6.08% 
TOTAL 1,453.22 100.00% 1,453.22 100.00% 1,453.22 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both were 
used in that particular year. 
 
Sources:  DWR 1993; DWR 1998; DWR 2003. 

 



TABLE A.99 
 

NOA-3 APPLIED WATER AND CONSUMPTIVE USE 
(ac-ft) 

2003 
Land Use 

Applied Water Consumptive Use Excess Applied 
Water 

Almonds 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 
Beans (dry) 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Other Field Crops 0.00 0.00 0.00 
Total Grain 278.12 181.37 96.76 
Rice Land (Production) 453.22 241.81 211.41 
Onions and Garlic 0.00 0.00 0.00 
Tomatoes 1,029.60 675.01 354.59 
Other Truck Crops 0.00 0.00 0.00 
Total Vineyards 0.00 0.00 0.00 
Alfalfa and Alfalfa Mixtures 982.35 643.87 338.48 
Other Pasture 0.00 0.00 0.00 
TOTAL 2,743.29 1,742.05 1,001.23 
Notes: 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  
to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The 
applied water does not include applied water used for rice straw decomposition.  
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water. 
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  
In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% 
(GCID, 2006). 

 
 



TABLE A.100 
 

NOA-3 WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Almonds 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Beans (dry) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Safflower 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Field Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Grain 180.86 117.68 63.17 551.28 358.07 193.21 547.25 358.81 188.44 
Rice Land (Production) 388.48 207.27 181.21 534.16 284.99 249.16 550.34 293.63 256.72 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 982.44 634.66 347.78 1,100.38 714.72 385.67 0.00 872.98 -872.98 
Other Truck Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Vineyards 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alfalfa and Alfalfa Mixtures 770.79 508.88 261.92 1,056.18 687.83 368.35 1,075.28 710.47 364.80 
Other Pasture 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 2,387.34 1,468.48 854.09 3,306.77 2,045.61 1,196.39 2,237.65 2,235.90 -63.02 
Notes: 
 

According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005). 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  
The applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.  
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 
90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   The 
year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in the DWR 
Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly climatic factors and 
cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and evapotranspiration of applied 
water coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is determined for the average year. 

 



NOA-4 
 

The users within NOA-4 contiguous area have access to surface water from the Sacramento 

River or the Colusa Basin Drain and groundwater.  The following summarizes the land use, 

water source distribution, water use, and water use scenario analyses: 

 

• Between 1993 and 2003, there was a slight decrease in both permanent and 

non-permanent crop production. 

 

• The largest change between 1993 and 2003, was the increase in fallow/idle land 

in this area. 

 

• The dominant crop in this area was rice (over 34 percent of total agricultural 

land in 2003). 

 

• Rice requires the most applied water and uses the most water in all three 

scenarios. 
 
 



TABLE A.101 
 

NOA-4 LAND USE (1993-2003) 
Area (ac) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 6.35 145.71 131.35 125.00 1969.24% 
Pistachios 11.49 11.06 0.08 -11.41 -99.34% 
Other Deciduous Crops 6,785.34 6,313.00 5,411.25 -1,374.09 -20.25% 
Total Citrus and Subtropical 7.73 8.05 0.00 -7.73 -100.00% 
Total Vineyards 0.00 0.00 5.50 5.50 100.00% 
Subtotal 6,810.90 6,477.81 5,548.18 -1,262.72 -18.54% 
Beans (dry) 2,593.42 2,527.77 2,226.99 -366.43 -14.13% 
Corn (field and sweet) 264.75 754.23 308.23 43.48 16.42% 
Cotton 17.22 417.86 61.73 44.51 258.47% 
Safflower 2,277.95 1,985.27 1,346.38 -931.57 -40.90% 
Sugar Beets 571.25 0.00 0.00 -571.25 -100.00% 
Other Field Crops 110.55 510.94 397.95 287.40 259.98% 
Total Grain 3,636.30 2,838.89 3,446.81 -189.49 -5.21% 
Rice Land (Production) 7,448.18 8,782.37 9,076.26 1,628.08 21.86% 
Onions and Garlic 0.00 0.00 18.25 18.25 100.00% 
Tomatoes 2,288.88 1,584.07 1,091.38 -1,197.49 -52.32% 
Other Truck Crops 1,274.59 2,305.01 1,138.25 -136.34 -10.70% 
Alfalfa and Alfalfa Mixtures 270.39 519.38 938.85 668.46 247.22% 
Other Pasture 207.21 487.92 699.27 492.06 237.47% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 344.35 217.92 225.97 -118.38 -34.38% 
Subtotal 21,305.02 22,931.64 20,976.32 -328.70 -1.54% 
TOTAL – AGRICULTURE 28,115.92 29,409.45 26,524.50 -1,591.42 -5.66% 
TOTAL – DOMESTIC & M&I 504.98 645.79 631.88 126.90 25.13% 
OTHER      
Total Water 1,597.65 1,728.99 1,787.94 190.28 11.91% 
Total Fallow/Idle 1,366.66 1,320.74 2,124.11 757.46 55.42% 
Total Barren 0.00 330.82 246.22 246.22 100.00% 
Total Native, Riparian Vegetation-
Excludes Wildlife Refuges 6,096.59 4,565.42 6,705.33 608.74 9.98% 
Urban Vacant1 99.47 747.47 728.70 629.23 632.57% 
Not Surveyed2 20.74 0.32 0.00 -20.74 -100.00% 

TOTAL – OTHER 9,181.11 8,693.77 11,592.31 2,411.20 26.26% 
TOTAL – GROSS AREA 38,749.01 38,749.01 38,748.69 -0.32 0.00% 

TOTAL – NET AREA3  29,567.90 30,055.24 27,156.38 -2,411.52 -8.16% 
1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within 
urban areas), railroad right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, 
tennis court areas, auto sales lots), and airport runways. 
 

2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 

3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and 
Not Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003a.  
 



TABLE A.102 
 

NOA-4 WATER SOURCE DISTRIBUTION (1993-2003) 
Water Source 1993 1998 2003 

Surface Water 17,123.85 44.19% 1,728.99 4.46% 14,115.51 36.43% 
Groundwater 12,579.09 32.46% 645.79 1.67% 10,013.17 25.84% 
Mixed Use 2,688.17 6.94% 0.00 0.00% 6,502.65 16.78% 
Unknown 6,357.90 16.41% 36,374.23 93.87% 8,117.36 20.95% 

TOTAL 38,749.01 100.00% 38,749.01 100.00% 38,748.69 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both were 
used in that particular year. 
 
Sources:  DWR 1993; DWR 1998; DWR 2003. 
 
 



TABLE A.103 
 

NOA-4 APPLIED WATER AND CONSUMPTIVE USE 
2003 

Land Use 
Applied Water Consumptive Use Excess Applied 

Water 
Almonds 440.31 315.20 125.11 
Pistachios 0.25 0.18 0.07 
Other Deciduous Crops 19,690.68 12,659.05 7,031.63 
Total Citrus and Subtropical 0.00 0.00 0.00 
Beans (dry) 4,508.49 2,672.39 1,836.11 
Corn (field and sweet) 798.52 485.46 313.06 
Cotton 216.95 128.19 88.77 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Other Field Crops 838.71 508.35 330.36 
Total Grain 1,723.37 1,035.52 687.85 
Rice Land (Production) 51,694.11 25,413.53 26,280.58 
Onions and Garlic 70.53 41.97 28.56 
Tomatoes 3,071.31 1,855.35 1,215.96 
Other Truck Crops 3,736.52 2,358.92 1,377.60 
Total Vineyards 11.39 8.25 3.14 
Alfalfa and Alfalfa Mixtures 4,508.19 2,722.66 1,785.53 
Other Pasture 3,574.39 2,112.80 1,461.58 
TOTAL 95,085.28 52,447.39 42,637.89 
Notes: 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  
to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The 
applied water does not include applied water used for rice straw decomposition.  
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.   

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  
In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% 
(GCID, 2006). 

 



TABLE A.104 
 

NOA-4 WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Almonds 334.35 236.33 98.01 459.05 328.38 130.67 514.06 367.68 146.38 
Pistachios 0.19 0.14 0.06 0.26 0.19 0.08 0.30 0.21 0.08 
Other Deciduous Crops 14,735.16 9,520.42 5,214.74 20,271.86 12,921.41 7,350.45 21,249.71 13,664.83 7,584.88 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Beans (dry) 4,726.93 2,826.84 1,900.09 5,008.46 3,004.99 2,003.47 6,010.03 3,609.88 2,400.15 
Corn (field and sweet) 696.23 419.71 276.52 753.87 458.84 295.03 900.29 548.08 352.21 
Cotton 185.24 110.60 74.64 205.58 122.91 82.66 236.65 141.38 95.26 
Safflower 0.00 0.00 0.00 450.32 269.28 181.05 1,126.76 673.19 453.57 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Field Crops 724.29 433.90 290.39 753.03 444.11 308.91 948.17 590.29 357.88 
Total Grain 1,120.67 671.91 448.76 3,416.02 2,044.43 1,371.59 3,391.05 2,048.67 1,342.38 
Rice Land (Production) 44,309.24 21,783.02 22,526.21 60,925.20 29,951.66 30,973.54 62,771.42 30,859.28 31,912.14 
Onions and Garlic 46.67 27.37 19.30 77.79 45.62 32.17 80.90 47.45 33.45 
Tomatoes 2,930.66 1,744.44 1,186.21 3,282.47 1,964.49 1,317.98 0.00 2,399.50 -2,399.50 
Other Truck Crops 2,425.76 1,479.72 946.04 2,798.95 1,707.37 1,091.58 3,172.14 1,935.02 1,237.13 
Total Vineyards 8.36 6.05 2.30 11.39 8.25 3.14 13.67 9.91 3.77 
Alfalfa and Alfalfa Mixtures 3,537.34 2,151.84 1,385.50 4,847.01 2,908.55 1,938.46 4,934.68 3,004.31 1,930.36 
Other Pasture 2,746.14 1,634.09 1,112.05 3,652.60 2,167.75 1,484.85 4,124.08 2,472.27 1,651.81 

TOTAL 78,678.05 43,143.84 35,534.20 107,121.36 58,480.48 48,640.88 109,691.42 62,511.83 47,179.59 
Notes:  
According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005). 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  
The applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water. 
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 
90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   The 
year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in the DWR 
Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly climatic factors and 
cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and evapotranspiration of applied 
water coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is 
determined for the average year  



NOA-5 
 

The users within NOA-5 contiguous area have access to surface water from the Sacramento 

River or the Colusa Basin Drain and groundwater.  The following summarizes the land use, 

water source distribution, water use, and water use scenario analyses: 

 

• Between 1993 and 2003, there was no permanent crop. 

 

• Most of the water source in 2003 was surface water (86 percent). 

 

• The only crop in this area was rice (over 43 percent of total agricultural land in 

2003). 

 

• Rice straw decomposition was about 15 percent of the volume of water required 

for production. 

 
 



TABLE A.105 
 

NOA-5 LAND USE (1993-2003) 
Area (ac) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 0.00 0.00 0.00 0.00 0.00% 
Pistachios 0.00 0.00 0.00 0.00 0.00% 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00% 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00% 
Total Vineyards 0.00 0.00 0.00 0.00 0.00% 
Subtotal 0.00 0.00 0.00 0.00 0.00% 
Non-Permanent Crops      
Beans (dry) 0.00 0.00 0.00 0.00 0.00% 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00% 
Cotton 0.00 0.00 0.00 0.00 0.00% 
Safflower 0.00 2.67 0.00 0.00 0.00% 
Sugar Beets 0.00 0.00 0.00 0.00 0.00% 
Other Field Crops 0.00 0.00 0.00 0.00 0.00% 
Total Grain 0.00 0.00 0.00 0.00 0.00% 
Rice Land (Production) 1,574.65 1,716.94 1,333.32 -241.33 -15.33% 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00% 
Tomatoes 0.00 0.00 0.00 0.00 0.00% 
Other Truck Crops 0.00 0.00 0.00 0.00 0.00% 
Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00% 
Other Pasture 0.00 0.00 0.00 0.00 0.00% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 

12.41 0.00 4.32 -8.09 -65.18% 

Subtotal 1,587.07 1,719.61 1,337.64 -249.42 -15.72% 
TOTAL – AGRICULTURE 1,587.07 1,719.61 1,337.64 -249.42 -15.72% 
TOTAL – DOMESTIC & M&I 0.00 5.51 1.23 1.23 100.00% 
OTHER      
Total Water 0.00 75.25 57.89 57.89 100.00% 
Total Fallow/Idle 246.86 159.24 474.74 227.88 92.31% 
Total Barren 0.00 0.00 0.00 0.00 0.00% 
Total Native, Riparian Vegetation-Excludes 
Wildlife Refuges 1,212.10 1,105.41 1,170.90 -41.20 -3.40% 
Urban Vacant1 0.00 13.89 36.58 36.58 100.00% 
Not Surveyed2 33.32 0.43 0.00 -33.32 -100.00% 

TOTAL – OTHER 1,492.27 1,354.23 1,740.11 247.84 16.61% 
TOTAL – GROSS AREA 3,079.34 3,079.34 3,078.98 -0.36 -0.01% 

TOTAL – NET AREA3  1,587.07 1,725.11 1,338.87 -248.20 -15.64% 
1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within urban 
areas), railroad right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, tennis court 
areas, auto sales lots), and airport runways. 
 

2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 

3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not 
Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003a.  
 



TABLE A.106 
 

NOA-5 WATER SOURCE DISTRIBUTION (1993-2003) 
Water Source 1993 1998 2003 

Surface Water 2,863.64 93.00% 75.25 2.44% 2,645.05 85.91% 
Groundwater 0.00 0.00% 5.51 0.18% 1.23 0.04% 
Mixed Use 0.00 0.00% 0.00 0.00% 0.00 0.00% 
Unknown 215.70 7.00% 2,998.58 97.38% 432.71 14.05% 
TOTAL 3,079.34 100.00% 3,079.34 100.00% 3,078.98 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both were 
used in that particular year. 
 
Sources:  DWR 1993; DWR 1998; DWR 2003. 

 



TABLE A.107 
 

NOA-5 APPLIED WATER AND CONSUMPTIVE USE 
(ac-ft) 

2003 
Land Use Applied 

Water Consumptive Use Excess Applied 
Water 

Almonds 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 
Beans (dry) 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Other Field Crops 0.00 0.00 0.00 
Total Grain 0.00 0.00 0.00 
Rice Land (Production) 7263.03 3733.30 3,529.73 
Rice Straw Decomposition 999.99 --- --- 
Onions and Garlic 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 
Other Truck Crops 0.00 0.00 0.00 
Total Vineyards 0.00 0.00 0.00 
Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 
Other Pasture 0.00 0.00 0.00 

TOTAL 7,263.03 3,733.30 3,529.73 
Notes: 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to 
the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The applied 
water does not include applied water used for rice straw decomposition.  
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.  
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In 
an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% (GCID, 
2006).   
 



TABLE A.108 
 

NOA-5 WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptiv
e Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptiv
e Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptiv
e Use 

Excess 
Applied 
Water 

Almonds 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Beans (dry) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Safflower 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Field Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Grain 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rice Land (Production) 6225.46 3199.98 3,025.48 8560.00 4399.97 4,160.04 8819.40 4533.30 4,286.10 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Truck Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Vineyards 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Pasture 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 6,225.46 3,199.98 3,025.48 8,560.00 4,399.97 4,160.04 8,819.40 4,533.30 4,286.10 
Notes: 
According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005).  
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance 
efficiency.  The applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.  
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is 
assumed to be 90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water 
year.   The year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an 
‘average’ year in the DWR Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are 
adjusted for monthly climatic factors and cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  
The applied water and evapotranspiration of applied water coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are 
lower than for what is determined for the average year.    

 



NOA-6 
 

The users within NOA-6 contiguous area have access to surface water from the Sacramento 

River or the Colusa Basin Drain and groundwater.  The following summarizes the land use, 

water source distribution, water use, and water use scenario analyses: 

 

• Between 1993 and 2003, there was a decline in permanent crop. 

 

• In 2003, more surface water was reported; however, this would change 

depending upon the actual source used in the ‘Mixed’ and ‘Unknown’ 

categories. 

 

• For all three years, the dominant crop in this area was rice. 

 

• In 1998 and 2003, rice production used the most water. 

 

• For all three scenarios, rice requires the most applied water and uses the most 

water. 

 
 



TABLE A.109 
 

NOA-6 LAND USE (1993-2003) 
Area (ac) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 26.62 104.73 0.00 -26.62 -100.00% 
Pistachios 0.00 0.00 0.00 0.00 0.00% 
Other Deciduous Crops 692.19 535.41 553.91 -138.28 -19.98% 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00% 
Total Vineyards 0.00 0.00 0.00 0.00 0.00% 
Subtotal 718.81 640.15 553.91 -164.90 -22.94% 
Non-Permanent Crops      
Beans (dry) 892.83 789.37 46.76 -846.06 -94.76% 
Corn (field and sweet) 831.60 1,190.43 263.84 -567.76 -68.27% 
Cotton 0.00 0.00 340.46 340.46 100.00% 
Safflower 2,503.24 2,993.28 2,732.35 229.10 9.15% 
Sugar Beets 1,477.01 319.36 0.00 -1,477.01 -100.00% 
Other Field Crops 46.58 356.55 209.14 162.56 349.00% 
Total Grain 3,344.52 2,933.15 3,985.58 641.06 19.17% 
Rice Land (Production) 1,290.51 1,225.55 1,712.81 422.31 32.72% 
Onions and Garlic 0.00 0.00 15.31 15.31 100.00% 
Tomatoes 2,020.83 2,351.45 2,457.51 436.68 21.61% 
Other Truck Crops 1,271.73 1,061.18 942.11 -329.62 -25.92% 
Alfalfa and Alfalfa Mixtures 973.88 720.67 671.71 -302.17 -31.03% 
Other Pasture 40.46 208.00 39.17 -1.29 -3.20% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 116.46 127.30 129.71 13.25 11.37% 
Subtotal 14,809.65 14,276.29 13,546.47 -1,263.18 -8.53% 
TOTAL – AGRICULTURE 15,528.45 14,916.44 14,100.37 -1,428.08 -9.20% 
TOTAL – DOMESTIC & M&I 103.06 0.00 106.63 3.56 3.46% 
OTHER      
Total Water 287.08 0.00 421.68 134.60 46.89% 
Total Fallow/Idle 535.34 707.37 832.75 297.41 55.55% 
Total Barren 0.00 2.07 8.04 8.04 100.00% 
Total Native, Riparian Vegetation-Excludes 
Wildlife Refuges 819.42 868.82 1,679.88 860.45 105.01% 
Urban Vacant1 0.00 350.18 158.44 158.44 100.00% 
Not Surveyed2 34.82 0.43 0.00 -34.82 -100.00% 

TOTAL – OTHER 1,676.66 1,928.88 3,100.79 1,424.12 84.94% 
TOTAL – GROSS AREA 17,308.18 16,845.31 17,307.79 -0.40 0.00% 
TOTAL – NET AREA 3 15,631.52 14,916.44 14,207.00 -1,424.52 -9.11% 
1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within urban 
areas), railroad right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, tennis court 
areas, auto sales lots), and airport runways. 
 

2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 

3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not 
Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003a. 
 



TABLE A.110 
 

NOA-6 WATER SOURCE DISTRIBUTION (1993-2003) 
Water Source 1993 1998 2003 

Surface Water 7,471.95 43.17% 331.30 1.90% 7,234.81 41.80% 
Groundwater 7,429.12 42.92% 131.57 0.75% 4,863.48 28.10% 
Mixed Use 1,458.74 8.43% 131.57 0.75% 3,441.85 19.89% 
Unknown 948.37 5.48% 16,845.31 96.59% 1,767.65 10.21% 
TOTAL 17,308.18 100.00% 17,439.76 100.00% 17,307.79 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both were 
used in that particular year. 
 
Sources:  DWR 1993; DWR 1998; DWR 2003. 
 



TABLE A.111 
 

NOA-6 APPLIED WATER AND CONSUMPTIVE USE 
(ac-ft) 

2003 
Land Use 

Applied Water Consumptive Use 
Excess 

Applied 
Water 

Almonds 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 
Other Deciduous Crops 2,003.71 1,295.81 707.90 
Total Citrus and Subtropical 0.00 0.00 0.00 
Beans (dry) 94.12 56.12 38.00 
Corn (field and sweet) 679.50 415.55 263.95 
Cotton 1,189.48 706.96 482.52 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 

Other Field Crops 438.19 267.16 171.03 
Total Grain 1,981.02 1,197.38 783.63 
Rice Land (Production) 9,697.92 4,795.88 4,902.05 
Onions and Garlic 58.82 35.21 23.61 
Tomatoes 6,875.06 4,177.77 2,697.29 
Other Truck Crops 3074.46 1,952.45 1,122.01 
Total Vineyards 0.00 0.00 0.00 
Alfalfa and Alfalfa Mixtures 3206.42 1,947.95 1,258.48 
Other Pasture 199.05 118.35 80.70 

TOTAL 61,756.11 33,233.56 28,522.55 
Notes: 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to 
the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The applied 
water does not include applied water used for rice straw decomposition. 
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.  
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In 
an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% (GCID, 
2006).   
 



TABLE A.112 
 

NOA-6 WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Almonds 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Deciduous Crops 1,499.44 974.53 524.91 2,062.85 1,322.66 740.18 2,162.35 1,398.76 763.59 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Beans (dry) 98.68 59.36 39.32 104.55 63.10 41.45 125.46 75.80 49.66 
Corn (field and sweet) 592.46 359.27 233.19 641.51 392.76 248.74 766.10 469.16 296.95 
Cotton 1,015.62 610.00 405.62 1,127.12 677.89 449.22 1,297.45 779.74 517.70 
Safflower 0.00 0.00 0.00 908.50 546.47 362.03 2,273.18 1,366.17 907.01 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Field Crops 378.41 228.03 150.37 393.42 233.40 160.02 495.38 310.23 185.15 
Total Grain 1,288.21 776.94 511.27 3,926.71 2,363.99 1,562.71 3,898.01 2,368.89 1,529.12 
Rice Land (Production) 8,312.51 4,110.75 4,201.75 11,429.70 5,652.29 5,777.41 11,776.05 5,823.57 5,952.48 
Onions and Garlic 38.93 22.97 15.96 64.88 38.28 26.60 67.47 39.81 27.67 
Tomatoes 6,560.21 3,928.04 2,632.17 7,347.75 4,423.52 2,924.23 0.00 5,403.06 -5,403.06 
Other Truck Crops 1,995.94 1,224.75 771.20 2,303.01 1,413.17 889.84 2,610.08 1,601.59 1,008.49 
Total Vineyards 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alfalfa and Alfalfa Mixtures 2,515.91 1,539.55 976.36 3,447.41 2,080.95 1,366.46 3,509.76 2,149.46 1,360.30 
Other Pasture 152.93 91.54 61.39 203.41 121.43 81.97 229.66 138.49 91.17 

TOTAL 25,733.84 13,925.72 10,523.52 35,245.42 19,329.91 14,630.89 30,495.57 21,924.74 7,286.22 
Notes: 
According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005). 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  
The applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water. 
 
Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 
90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   The 
year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in the DWR 
Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly climatic factors and 
cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and evapotranspiration of applied 
water coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is determined for the average year.  

 



Colusa National Wildlife Refuge 
 

The users in the Colusa National Wildlife Refuge have access to surface water from the 

Sacramento River and groundwater.  The following summarizes the land use, water source 

distribution, water use, and water use scenario analyses: 

 

• Between 1993 and 2003, there was decrease in rice land production, when land 

was converted to a federal wildlife refuge. 

 

• From 1993 to 2003, most of the water use was from surface water. 

 

• The dominant crop in this area was field crops. 

 

• Field crops required the most applied water and used the most water in this 

area. 

 

 



TABLE A.113 
 

COLUSA NATIONAL WILDLIFE REFUGE LAND USE (1993-2003) 
Area (ac) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 0.00 0.00 0.00 0.00 0.00% 
Pistachios 0.00 0.00 0.00 0.00 0.00% 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00% 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00% 
Total Vineyards 0.00 0.00 0.00 0.00 0.00% 
Subtotal 0.00 0.00 0.00 0.00 0.00% 
Non-Permanent Crops      
Beans (dry) 0.00 0.00 0.00 0.00 0.00% 
Corn (field and sweet) 0.00 3.18 0.00 0.00 0.00% 
Cotton 0.00 0.00 0.00 0.00 0.00% 
Safflower 0.00 0.00 0.00 0.00 0.00% 
Sugar Beets 0.00 0.00 0.00 0.00 0.00% 
Other Field Crops 228.76 0.00 210.40 -18.36 -8.03% 
Total Grain 32.64 25.51 25.67 -6.97 -21.37% 
Rice Land (Production) 23.72 19.17 2.92 -20.80 -87.69% 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00% 
Tomatoes 0.00 0.00 0.00 0.00 0.00% 
Other Truck Crops 0.00 0.00 0.00 0.00 0.00% 
Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00% 
Other Pasture 0.00 0.00 0.00 0.00 0.00% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 0.00 0.00 0.00 0.00 0.00% 
Subtotal 285.11 47.86 238.98 -46.13 -16.18% 
TOTAL – AGRICULTURE 285.11 47.86 238.98 -46.13 -16.18% 
TOTAL – DOMESTIC & M&I 0.00 0.00 1.29 1.29 100.00% 
OTHER      
Total Water 185.44 139.72 103.59 -81.85 -44.14% 
Total Fallow/Idle 1.07 3.43 0.00 -1.07 -100.00% 
Total Barren 0.00 0.00 0.00 0.00 0.00% 
Total Native, Riparian Vegetation-Excludes 
Wildlife Refuges 3,660.71 3,941.32 3,673.31 12.60 0.34% 
Urban Vacant1 0.00 0.00 115.16 115.16 100.00% 
Not Surveyed2 0.00 0.00 0.00 0.00 0.00% 

TOTAL – OTHER 3,847.22 4,084.47 3,892.06 44.85 1.17% 
TOTAL – GROSS AREA 4,132.33 4,132.33 4,132.33 0.00 0.00% 

TOTAL – NET AREA3  285.11 47.86 240.27 -44.85 -15.73% 
1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within urban 
areas), railroad right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, tennis court 
areas, auto sales lots), and airport runways. 
 

2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 

3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not 
Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003a.  
 



TABLE A.114 
 

COLUSA NATIONAL WILDLIFE REFUGE 
WATER SOURCE DISTRIBUTION (1993-2003) 

Water Source 1993 1998 2003 
Surface Water 3,287.07 79.55% 139.72 3.38% 2,960.57 71.64% 
Groundwater 0.00 0.00% 0.00 0.00% 1.29 0.03% 
Mixed Use 0.38 0.01% 0.00 0.00% 0.00 0.00% 
Unknown 844.88 20.45% 3,992.61 96.62% 1,170.47 28.32% 

TOTAL 4,132.33 100.00% 4,132.33 100.00% 4,132.33 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both were 
used in that particular year. 
 
Sources:  DWR 1993; DWR 1998; DWR 2003. 



TABLE A.115 
 

COLUSA NATIONAL WILDLIFE REFUGE 
APPLIED WATER AND CONSUMPTIVE USE 

(ac-ft) 
2003 

Land Use 
Applied Water Consumptive Use 

Excess 
Applied 
Water 

Almonds 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 
Beans (dry) 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Other Field Crops 424.94 268.76 156.18 
Total Grain 12.30 7.71 4.59 
Rice Land (Production) 15.94 8.18 7.76 
Onions and Garlic 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 
Other Truck Crops 0.00 0.00 0.00 
Total Vineyards 0.00 0.00 0.00 
Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 
Other Pasture 0.00 0.00 0.00 

TOTAL 453.18 284.65 168.53 
Notes: 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  
to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The 
applied water does not include applied water used for rice straw decomposition.  
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.    
Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  
In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% 
(GCID, 2006). 

 



TABLE A.116 
 

COLUSA NATIONAL WILDLIFE REFUGE WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Almonds 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Beans (dry) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Safflower 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Field Crops 366.97 229.40 137.57 381.53 234.80 146.72 480.40 312.09 168.31 
Total Grain 8.00 5.00 2.99 24.38 15.22 9.15 24.20 15.25 8.94 
Rice Land (Production) 13.66 7.01 6.65 18.79 9.64 9.15 19.36 9.93 9.43 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Truck Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Vineyards 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Pasture 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 388.63 241.41 147.21 424.69 259.66 165.03 523.95 337.27 186.68 
Notes: 
According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005). 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  
The applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water. 
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to 
be 90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   The 
year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in the DWR 
Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly climatic factors and 
cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and evapotranspiration of applied 
water coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is determined for the average year.  

 



Delevan National Wildlife Refuge 
 

The users in the Delevan National Wildlife Refuge have access to surface water from the 

Sacramento River and groundwater.  The following summarizes the land use, water source 

distribution, water use, and water use scenario analyses: 

 

• Between 1993 and 2003, there was an increase in non-permanent crops and 

there were no permanent crops in this region. 

 

• In 2003, most of the water use was designated as an ‘Unknown’ water source; 

however, based upon the 1993 survey, the majority of the water use was surface 

water. 

 

• The dominant crop in this area was field crops, which required the most applied 

water and used the most water.  

 

 



TABLE A.117 
 

DELEVAN NATIONAL WILDLIFE REFUGE LAND USE (1993-2003) 
Area (ac) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 0.00 0.00 0.00 0.00 0.00% 
Pistachios 0.00 0.00 0.00 0.00 0.00% 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00% 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00% 
Total Vineyards 0.00 0.00 0.00 0.00 0.00% 
Subtotal 0.00 0.00 0.00 0.00 0.00% 
Non-Permanent Crops      
Beans (dry) 0.00 0.00 0.00 0.00 0.00% 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00% 
Cotton 75.42 0.00 0.00 -75.42 -100.00% 
Safflower 0.00 0.00 0.00 0.00 0.00% 
Sugar Beets 0.00 0.00 0.00 0.00 0.00% 
Other Field Crops 346.95 0.00 523.38 176.42 50.85% 
Total Grain 0.00 0.00 0.00 0.00 0.00% 
Rice Land (Production) 0.00 0.82 0.00 0.00 100.00% 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00% 
Tomatoes 0.00 0.00 0.00 0.00 0.00% 
Other Truck Crops 0.00 0.00 0.00 0.00 0.00% 
Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00% 
Other Pasture 0.00 0.00 0.00 0.00 0.00% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 

0.00 0.00 0.00 0.00 0.00% 

Subtotal 422.37 0.82 523.38 101.01 23.91% 
TOTAL – AGRICULTURE 422.37 0.82 523.38 101.01 23.91% 
TOTAL – DOMESTIC & M&I 0.00 0.00 5.74 5.74 100.00% 
OTHER      
Total Water 104.83 25.93 153.68 48.85 46.60% 
Total Fallow/Idle 1.87 0.00 0.00 -1.87 -100.00% 
Total Barren 0.00 0.00 0.00 0.00 0.00% 
Total Native, Riparian Vegetation-Excludes 
Wildlife Refuges 4,929.63 5,390.55 4,726.54 -203.09 -4.12% 
Urban Vacant1 0.00 41.39 49.36 49.36 100.00% 
Not Surveyed2 0.00 0.00 0.00 0.00 0.00% 

TOTAL – OTHER 5,036.33 5,457.88 4,929.58 -106.75 -2.12% 
TOTAL – GROSS AREA 5,458.70 5,458.70 5,458.70 0.00 0.00% 

TOTAL – NET AREA3  422.37 0.82 529.12 106.75 25.27% 
1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within urban 
areas), railroad right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, tennis court 
areas, auto sales lots), and airport runways. 
 

2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 

3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not 
Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003a.  
 



TABLE A.118 
 

DELEVAN NATIONAL WILDLIFE REFUGE 
WATER SOURCE DISTRIBUTION (1993-2003) 

Water Source 1993 1998 2003 
Surface Water 4,641.03 85.02% 25.93 0.47% 4,278.97 78.39% 
Groundwater 0.00 0.00% 0.00 0.00% 5.74 0.11% 
Mixed Use 0.00 0.00% 0.00 0.00% 0.00 0.00% 
Unknown 817.67 14.98% 5,432.77 99.53% 1,173.99 21.51% 
TOTAL 5,458.70 100.00% 5,458.70 100.00% 5,458.70 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both were 
used in that particular year. 
 
Sources:  DWR 1993; DWR 1998; DWR 2003. 



TABLE A.119 
 

DELEVAN NATIONAL WILDLIFE REFUGE 
APPLIED WATER AND CONSUMPTIVE USE 

(ac-ft) 
2003 

Land Use 
Applied Water Consumptive Use Excess Applied 

Water 
Almonds 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 
Beans (dry) 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 
Safflower 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 
Other Field Crops 1,057.07 668.57 388.50 
Total Grain 0.00 0.00 0.00 
Rice Land (Production) 0.00 0.00 0.00 
Onions and Garlic 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 
Other Truck Crops 0.00 0.00 0.00 
Total Vineyards 0.00 0.00 0.00 
Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 
Other Pasture 0.00 0.00 0.00 

TOTAL 1,057.08 668.57 388.50 
Notes: 

 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  
to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The 
applied water does not include applied water used for rice straw decomposition. 
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.    
Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  
In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% 
(GCID, 2006).   

 



TABLE A.120 
 

DELEVAN NATIONAL WILDLIFE REFUGE WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Almonds 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Beans (dry) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Safflower 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Field Crops 912.86 570.65 342.21 949.08 584.09 364.99 1,195.03 776.34 418.69 
Total Grain 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rice Land (Production) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Truck Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Vineyards 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Pasture 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 912.86 570.65 342.21 949.08 584.09 364.99 1195.03 776.34 418.69 
Notes: 
According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005).  
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  
The applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water. 
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 
90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   The 
year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in the DWR 
Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly climatic factors and 
cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and evapotranspiration of applied 
water coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is determined for the average year.    

 



Sacramento National Wildlife Refuge 
 

The Sacramento National Wildlife Refuge has access to surface water from the Sacramento 

River and groundwater.  The following summarizes the land use, water source distribution, 

water use, and water use scenario analyses: 

 

• From 1993 to 2003, rice was the dominant crop. 

 

• From 1993 to 2003, water use was mostly surface water. 

 

• Most of the applied water requirement and water used was for rice in all three 

scenarios. 

 

 



TABLE A.121 
 

SACRAMENTO NATIONAL WILDLIFE REFUGE LAND USE (1993-2003) 
Area (acres) 1993-2003 Change Land Use 

1993 1998 2003 ac % 
AGRICULTURE      
Permanent Crops      
Almonds 0.00 0.00 0.00 0.00 0.00% 
Pistachios 0.00 0.00 0.00 0.00 0.00% 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00% 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00% 
Total Vineyards 0.00 0.00 0.00 0.00 0.00% 
Subtotal 0.00 0.00 0.00 0.00 0.00% 
Non-Permanent Crops      
Beans (dry) 0.00 0.00 0.00 0.00 0.00% 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00% 
Cotton 0.00 0.00 0.00 0.00 0.00% 
Safflower 1.37 0.00 0.00 -1.37 -100.00% 
Sugar Beets 0.00 0.00 0.00 0.00 0.00% 
Other Field Crops 64.48 0.00 70.87 6.39 9.91% 
Total Grain 1.28 0.00 0.00 -1.28 -100.00% 
Rice Land (Production) 185.79 167.65 137.98 -47.80 -25.73% 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00% 
Tomatoes 0.00 0.00 0.00 0.00 0.00% 
Other Truck Crops 0.00 0.00 0.00 0.00 0.00% 
Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00% 
Other Pasture 0.00 0.00 0.00 0.00 0.00% 
Total Semiagricultural and Incidental to 
Agriculture (Livestock feed lots, dairies, 
poultry farms, farmsteads) 

0.00 0.00 0.00 0.00 0.00% 

Subtotal 252.92 167.65 208.85 -44.07 -17.42% 
TOTAL – AGRICULTURE 252.92 167.65 208.85 -44.07 -17.42% 
TOTAL – DOMESTIC & M&I 0.00 0.00 1.31 1.31 100.00% 
OTHER      
Total Water 35.87 1.75 36.97 1.10 3.06% 
Total Fallow/Idle 7.10 0.00 31.52 24.42 344.01% 
Total Barren 0.00 0.00 0.00 0.00 0.00% 
Total Native, Riparian Vegetation 2,120.95 2,242.25 2,104.06 -16.89 -0.80% 

Urban Vacant1 0.00 16.18 45.12 45.12 100.00% 

Not Surveyed2 10.99 0.00 0.00 -10.99 -100.00% 

TOTAL – OTHER 2,174.92 2,260.19 2,217.67 42.75 1.97% 
TOTAL – GROSS AREA 2,427.84 2,260.19 2,427.84 0.00 0.00% 

TOTAL – NET AREA3  252.92 0.00 210.17 -42.75 -16.90% 
Also services Glenn County; Only Colusa County land use data presented here. 

 
1Urban Vacant includes:  Unpaved areas (vacant lots, graveled surfaces, play yards, developable open lands within urban 
areas), railroad right of ways, paved areas (parking lots, paved roads, oiled surfaces, flood control channels, tennis court 
areas, auto sales lots), and airport runways. 
 

2'Not Surveyed' land includes Reclamation Lands (Lands being leached for the removal of harmful soils). 
 

3Net Area excludes Total Water, Fallow/Idle, Native, Riparian Vegetation, Wildlife Refuges, Urban Vacant, and Not 
Surveyed. 
 

Sources:  DWR 1993; DWR 1998; DWR 2003a.  
 



TABLE A.122 
 

SACRAMENTO NATIONAL WILDLIFE REFUGE 
WATER SOURCE DISTRIBUTION (1993-2003) 

Water Source 1993 1998 2003 2003-Glenn 
Surface Water 1,995.36 82.19% 1.75 0.07% 1,597.94 65.82% 7,569.41 74.15% 
Groundwater 0.00 0.00% 0.00 0.00% 1.31 0.05% 11.92 0.12% 
Mixed Use 0.00 0.00% 0.00 0.00% 1.58 0.06% 0.00 0.00% 
Unknown 432.47 17.81% 2,426.08 99.93% 827.00 34.06% 2,626.83 25.73% 

TOTAL 2,427.84 100.00% 2,427.84 100.00% 2,427.84 100.00% 10,208.16 100.00% 
Note: 
 
‘Mixed Use’ refers to water user access to both groundwater and surface water and does not imply that both were used in that 
particular year. 
 
Sources:  DWR 1993; DWR 1998; DWR 2003. 

 



TABLE A.123 
 

SACRAMENTO NATIONAL WILDLIFE REFUGE 
APPLIED WATER AND CONSUMPTIVE USE 

2003 
Land Use 

Applied Water Consumptive Use 
Excess 

Applied 
Water 

Almonds 0.00 0.00 0.00 

Pistachios 0.00 0.00 0.00 

Other Deciduous Crops 0.00 0.00 0.00 

Total Citrus and Subtropical 0.00 0.00 0.00 

Beans (dry) 0.00 0.00 0.00 

Corn (field and sweet) 0.00 0.00 0.00 

Cotton 0.00 0.00 0.00 

Safflower 0.00 0.00 0.00 

Sugar Beets 0.00 0.00 0.00 

Other Field Crops 143.14 90.53 52.61 

Total Grain 0.00 0.00 0.00 

Rice Land (Production) 753.11 386.35 366.77 

Onions and Garlic 0.00 0.00 0.00 

Tomatoes 0.00 0.00 0.00 

Other Truck Crops 0.00 0.00 0.00 

Total Vineyards 0.00 0.00 0.00 

Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 

Other Pasture 0.00 0.00 0.00 

TOTAL 896.26 476.88 419.38 
Notes: 
 

Also services Glenn County; Only Colusa County calculations presented here. 
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop 
coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop 
coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a).  
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the  
2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  The applied water 
does not include applied water used for rice straw decomposition. 
 

Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.   

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an 
open channel distribution system, such as diversions from the Sacramento River, it is assumed to be 90% (GCID, 2006). 

 



TABLE A.124 
 

SACRAMENTO NATIONAL WILDLIFE REFUGE WET, AVERAGE, AND DRY YEAR SCENARIOS 
(ac-ft) 

1998 (Wet Year) 2000 (Average Year) 2001 (Dry Year) 

Land Use 
Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Applied 
Water 

Consumptive 
Use 

Excess 
Applied 
Water 

Almonds 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pistachios 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Deciduous Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Citrus and Subtropical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Beans (dry) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Corn (field and sweet) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cotton 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Safflower 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sugar Beets 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Field Crops 123.61 77.27 46.34 128.52 79.09 49.42 161.82 105.13 56.70 
Total Grain 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rice Land (Production) 645.53 331.15 314.37 887.60 455.34 432.26 914.49 469.14 445.36 
Onions and Garlic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tomatoes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Truck Crops 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Vineyards 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alfalfa and Alfalfa Mixtures 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other Pasture 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 769.14 408.43 360.71 1,016.12 534.43 481.69 1,076.32 574.26 502.06 
Notes: 
Also services Glenn County; Only Colusa County calculations presented here. 
 

According to the Water Supply Index, 1993 is considered an 'Above Normal' year; 1998 is considered a 'Wet' year; and 2003 is considered an 'Above Normal' year (DWR, 2005).  
 

Land use data provided by DWR has further detail, but are grouped in these categories to utilize DWR's crop coefficients for Applied Water and Consumptive Use.  
 

Consumptive Use for 2003 is calculated by applying the 2003 DWR evapotranspiration of applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a). 
 

Applied Water for 2003 is calculated by applying the 2003 DWR applied water crop coefficients (DWR, 2007a)  to the 2003 land use data (DWR, 2003a) and dividing by the corresponding water conveyance efficiency.  
The applied water does not include applied water used for rice straw decomposition. 
Excess Applied Water is calculated by subtracting Consumptive Use from Applied Water.  
 

Conveyance Efficiency is assumed to be 100% in a closed distribution system, such as the Tehama-Colusa Canal.  In an open channel distribution system, such as diversions from the Sacramento River, it is assumed to 
be 90% (GCID, 2006). 
 

2003 was used as a baseline in the study for a ‘normal’ or ‘existing conditions’ year.  2003 land use data is the best available data.  2003 is classified in the DWR water supply index as an ‘above normal’ water year.   
The year 2000 is used as ‘average’ for this study; however, it is also classified as ‘above normal’ in the DWR water supply index.  In the water supply index, there is no specific classification for an ‘average’ year in the 
DWR Bulletin 120 water supply index; instead ‘average’ would fall within the ‘above normal’ and ‘below normal’ range.  Upon examination of the DWR crop coefficients, which are adjusted for monthly climatic 
factors and cultural practices specific to the given year, the 2000 and 2003 years differ greatly in crop coefficients, even though both years are classified as ‘above normal’ years.  The applied water and 
evapotranspiration of applied water coefficients for 2000 is much greater than for 2003.  Therefore in the water use analysis, the 2003 applied water and consumptive use requirements are lower than for what is 
determined for the average year. 
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DRAFT 
NOTICE OF PUBLIC HEARING 

 
 

The Colusa County Board of Supervisors will hold a public hearing on June 12, 2007, 
commencing at 10:30 a.m., in the Colusa County Courthouse, Supervisors Chambers, 547 
Market Street, Colusa, California.  The purpose of the hearing will be to receive public 
comments on whether or not the County should adopt a resolution of intention to prepare 
a groundwater management plan, pursuant to Section 10753, following, of the California 
Water Code (Assembly Bill No. 3030).  Members of the public may submit oral or 
written comments on this matter at that time, or they may submit written comments 
before the public hearing to the County at 220 12th Street, Colusa, California 95932. 
 
Assembly Bill No. 3030 authorizes local agencies to prepare and implement a 
groundwater management plan.  No groundwater management plan will be adopted 
without an opportunity for additional public comment and participation.  For additional 
information on this matter, please contact the County at 530-458-0480. 
 
                                                        Dated: May 25, 2007 
                                                        BY: Stephen Hackney 
                                                        Secretary-Groundwater Management Commission 
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Colusa County Water District 
Cortina Water District 
Davis Water District 

Glenn-Colusa Irrigation District 
Glenn Valley Water District 
La Grande Water District 
Maxwell Irrigation District 

Myers-Marsh Mutual Water Company 
Princeton-Codora-Glenn Irrigation District 

Provident Irrigation District 
Reclamation District 108 
Westside Water District 

 
 

April 7, 2006 

 

Mr. Jack Baber, Chairman 
Groundwater Management Commission 
County of Colusa 
220 12th Street 
Colusa, California  95932 
 
Re: Groundwater Management Planning and Groundwater Management Ordinance 

Modification (Request for Qualifications (RFQ)) 
 
Dear Mr. Baber: 
 
We are writing as the water districts and companies that provide water and flood control services 
within Colusa County. The purpose of this letter is to provide comments to the Groundwater 
Management Commission (Commission) regarding its Request for Qualifications (RFQ) and, 
more broadly, to offer input regarding the future direction of groundwater management activities 
within Colusa County. 
 
We applaud the Commission for its groundwater management efforts and, in particular, its 
decision to review the Colusa County Groundwater Management Ordinance (Colusa County 
Code, Section IV, Chapter 43)(Ordinance) for the purpose of determining whether a Basin 
Management Objective (BMO) approach to groundwater management would be more 
appropriate in Colusa County.  Based on experience throughout Northern California, we believe 
that the most effective groundwater management programs are those that involve, as a central 
element, the cooperative development of management objectives by counties, water districts and 
other stakeholders that will ensure the maintenance of the safe yield of the groundwater aquifers 
within the County.  The current Ordinance does not foster such cooperative efforts nor help meet 
these objectives. We therefore urge the Commission to immediately begin the efforts to review 
and modify the Ordinance. 
 
To complement and help facilitate the BMO approach, we propose that the Commission enter 
into a Memorandum of Understanding (MOU) with interested water purveyors within the County 
to establish a process for development of the County Groundwater Management Program on a 
cooperative and coordinated basis. We are concerned that the RFQ contemplates the 
development of a "Countywide Coordinated AB 3030 GWMP" without any mechanism in place 



to ensure the cooperative development of basin management objectives or other elements of the 
groundwater management plan.  Since the water districts within Colusa County have authority to 
manage groundwater and most have existing AB 3030 groundwater management plans, it is 
imperative that the County's Groundwater Management Program be developed in close 
coordination with the district-level efforts.  Enclosed, for your information, is a Memorandum of 
Understanding (MOU) prepared by water purveyors in Sutter County that has a similar purpose.  
This document is being reviewed and approved by Sutter County water purveyors and the 
County itself. 
  
Needless to say, the selection of a qualified consultant to undertake the important tasks identified 
in the RFQ will be an important aspect of this program.  Unlike other technical work, this 
program requires both a high degree of technical competence and the ability to mediate 
differences of opinion between the various participants.  We will continue to coordinate our 
efforts to work with the County through the Northern California Water Association and we look 
forward to the opportunity to provide comments during the course of the selection process.    
 
Thank you for your consideration of these comments. 
 
Sincerely yours, 
 
Colusa County Water District 
Cortina Water District 
Davis Water District 
Glenn-Colusa Irrigation District 
Glenn Valley Water District 
La Grande Water District 
Maxwell Irrigation District 
Myers-Marsh Mutual Water Company 
Princeton-Codora-Glenn Irrigation District 
Provident Irrigation District 
Reclamation District 108 
Westside Water District 
 
 
cc: Board of Supervisors 
      NCWA 
      Steve Hackney 
 
Enclosure        
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Sacramento Valley Water Resource Monitoring, Data 
Collection and Evaluation Framework 

 
The sustainable management of both surface and groundwater resources in the Sacramento 
Valley was a primary driver in the development of the Sacramento Valley Integrated Regional 
Water Management Plan (SVIRWMP). Among the many water management needs identified in 
the SVIRWMP was the need for improved coordination, development, and sharing of data 
associated with surface and groundwater monitoring.  While monitoring currently occurs 
throughout the valley, it is recognized that improvements can be made with respect to data 
collection/monitoring approach and focus at both the project and regional level.  Accordingly, 
an informal panel (“panel”) of Sacramento Valley water resources scientists and engineers 
developed a proposed framework aimed toward assisting in improved regional and project-
specific water resource monitoring, data collection, information exchange, and evaluation to 
better understand the valleys’ water resources to improve upon their management. It is hoped 
that this framework will provide a basis to guide the development of data 
collection/monitoring programs across the Sacramento Valley, recognizing that individual 
projects and programs have their own unique focus, characteristics, and financial constraints. 

Intended Use of the Framework 
The proposed framework is intended to assist in obtaining and sharing information to: 
 

• Characterize existing surface water and groundwater resources,  
• Identify the interaction between, and within, these resources,  
• Examine the opportunities to increase local/regional supply through local/regional 

water resource management while ensuring sustainable use, and 
• Determine the resources response to natural changes in water supply, or changes 

associated with a given project or program. 
 
The coordinated collection and sharing of data is intended to be used as a guideline to help 
evaluate, define, and design effective surface and groundwater monitoring infrastructure at a 
the local and regional level. In addition, it is hoped that this framework will assist in supporting 
the development of a coordinated regional data collection, monitoring, and investigation 
program for the SVIRWMP area.  

Primary Objectives of the Framework 
The primary objectives of this regional resource monitoring, data collection, and evaluation 
framework are as follows: 
 
• Support the collection of sufficient data to establish baseline conditions throughout the 

valley 
• Establish standardized data collection methodologies to improve the consistency and 

comparability of data currently being collected as well as data collected in the future  
• Provide for the monitoring of the effects of existing and future groundwater use and 

irrigation practices on the groundwater resource   
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• Propose methods of employing numerical, analytical, and graphical tools to analyze and 
interpret data 

• Provide sufficient data to improve understanding of the degree of hydraulic interaction 
between the surface water and groundwater system across the valley 

• Support the evaluation of any potential effects of future changing management practices on 
groundwater and surface water resources in the valley 

• Serve as a living document to accommodate new information and incorporate changes, as 
needed, to address additional data needs and further evaluate local and regional changes in 
water resource management. 

Regional/Project-Specific Approach 
The monitoring and data collection approach outlined in this framework is intended to facilitate 
and support improved water resource management at both a regional and project level.  It is not 
intended to prescribe or limit the application of alternative methods for effective data collection 
and management, or serve as a cookbook of pre-approved methods for implementation of 
projects that change or alter existing water management practices at a regional or local level.  A 
number of monitoring objectives ranging from project performance to water quality assessment 
are identified -- some or all of which are relevant to any existing or proposed project or 
program.  As proposed, the framework would provide guidance in the development and/or 
refinement of a monitoring program, as is applicable, within the given context of the 
project/program objectives. Continued use of the framework over time would further 
encourage the consistent application of monitoring approaches and sharing of data and ideas.  
The resulting monitoring data could in turn be used by counties and other entities that 
currently track and evaluate groundwater levels through various methods (e.g. basin 
management objectives) to refine their individual objectives as appropriate. 
 
It should be noted that this document is intended to provide general recommendations 
regarding the types of data that should be collected across the region to allow improved 
analysis and understanding of the state of the groundwater resource over time. It is strongly 
recommended that any project that proposes to significantly increase groundwater extraction or 
change existing water management practices develop a project-specific monitoring and data 
collection plan of sufficient detail and frequency to adequately analyze the regional and local 
scale effects of project activities within the context of the project location and regulatory 
requirements.  It is intended that the data and approaches developed and utilized through the 
regional framework process will support project-level monitoring and improved water 
management. 

Next Steps 
It is intended that the proposed framework be distributed across the SVIRWMP region as a 
guidance document. Depending on the overall response, the panel is planning to begin an 
inventory of on-going baseline and program-related data collection/monitoring efforts across 
the region to ultimately identify potential data gaps and additional monitoring needs. Once 
these gaps have been identified, the panel will provide a findings summary as well as 
recommendations for filling these data gaps with respect to known areas of concern, proposed 
development, and/or areas with limited existing data. These recommendations will assist 
Sacramento Valley water resource stakeholders prioritize future project, infrastructure, and 
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modeling needs, and secure appropriate funding.  Additional panel activities are proposed to 
be driven by input from water users and stakeholders in the SVIRWMP region. 
 
 
1.0 Introduction 
 
Adequate supply and distribution of water resources within the Sacramento Valley are 
components vital to the economic and environmental sustainability of the region. On a regional 
scale, the surface and groundwater resources in the Sacramento Valley provide a collective 
water supply that is reliable and adequate to meet current demand.  However, local reliability 
does vary, and shortages do exist, for some areas even in normal water years.  Regional 
coordination of water resource monitoring and data collection, coupled with collaborative 
investigation of integrated regional management opportunities, can help improve the 
management of the Sacramento Valley’s water resources to meet the ever changing and 
growing demand.      
 
Over the years, the agricultural, urban, environmental, and recreational water demands have 
changed based on changes in irrigation technology, increased urbanization, and the need for 
maintenance/enhancement of environmental assets.  Accordingly, competition for finite water 
resources will result in future changes in water demand, and with it an increasing need for 
regional management to effectively accommodate these needs while sustaining the future 
viability of these resources.  
 
Numerous Sacramento Valley counties and water districts have developed groundwater 
management and monitoring plans.  Similarly, most surface water purveyors have surface 
water management and monitoring plans.  However, in most cases, these monitoring and 
management plans have been independently implemented and have not necessarily capitalized 
on the potential to share data and coordinate management efforts.  Monitoring, collecting, and 
sharing of the data by local, state, or federal water interests will greatly assist in the 
identification, analysis, and better understanding of the existing baseline conditions and the 
effective evaluation of the potential benefits and/or impacts associated with changes water 
resource management.  
 
The framework is intended to be a living document -- implemented in a phased approach, as 
the necessary resources become available. It is intended to supplement on-going monitoring 
and data collection efforts being conducted by the Bureau of Reclamation (Reclamation), the 
U.S. Geological Survey (USGS), the Department of Water Resources (DWR), County staff, 
watershed groups, water districts, and independent water resource users.  In an attempt to 
develop the most efficient and comprehensive water resource data collection network possible, 
the framework considers all existing surface water and groundwater monitoring, as well as 
monitoring proposed under the various grant opportunities. The resultant data collection and 
analysis activities are intended to collectively serve the needs of resource stakeholders by 
improving the local and regional monitoring and characterization of the surface water and 
groundwater systems, and the sharing of information within the SVIRWMP area.  Data 
collected and shared under this plan is intended to help evaluate and design future surface 
water, groundwater, and land subsidence monitoring infrastructure. It is hoped that these 
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efforts will ultimately support the development of a single, unified and stakeholder driven, data 
collection, monitoring, and investigation program for the SVIRWMP area.  
 
Surface water, groundwater and aquifer characterization data collected under this program is 
proposed to be used in conjunction with, and in support of, numerical groundwater modeling 
tool development to augment data interpretation.  It is universally understood that numerical 
modeling is an essential tool to assist in the evaluation of the benefits/impacts associated with 
proposed changes to water resource management practices.  It is also understood that 
numerical modeling results are limited by the quantity and quality of the existing data.  The 
framework approach to data collection and monitoring is intended to help provide baseline 
data of sufficient quantity and quality to build a regional-scale model which, when coupled 
with compatible project-scale models, can adequately assist in evaluating the regional and 
cumulative effects associated with proposed changes in water resource management.  It is 
hoped that this framework will help guide development of data collection and monitoring 
programs across the Sacramento Valley, while being flexible enough to accommodate the 
unique focus, characteristics, and financial constraints of local resource managers. 
 
As mentioned above, the implementation of this program is envisioned to occur in a phased 
manner, over an extended period of time, as resources become available.  During the extended 
implementation period, as stream and aquifer data become available, these data would be 
interpreted, aquifer and streambed properties estimated, and the selected regional modeling 
tool updated to reflect the new information.  Simulations could then be performed to further 
identify the effects to surface water and groundwater systems resulting from changing water 
resource supply and demand, and the application of artificial recharge.  This feedback loop is 
intended to continue, as necessary, to support the needs and requirements of the water interests 
through the Sacramento Valley. 
 
 
2.0 Monitoring and Data Collection Activities 
 
The monitoring and data collection activities are intended to collectively improve the local and 
regional understanding of the water resources and provide baseline characterization of the 
surface water and groundwater systems within the SVIRWMP area.  Improving the baseline 
understanding will help identify and evaluate local and regional changes to the water resources 
resulting from local and regional changes in water resource management practices.  It is 
understood that the focus of data collection objectives may change as information is collected 
and management alternatives are evaluated.  A bulleted list of the initial monitoring and data 
collection activities are provided below, followed by a brief description of their existing need. 
 

• Groundwater Performance Monitoring 
• Surface Water/Groundwater Interaction Monitoring 
• Habitat Monitoring 
• Water Quality Monitoring 
• Land Subsidence Monitoring 
• Basin Recharge Monitoring 
• Hydrogeologic Characterization of Aquifer Systems 
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2.1 Groundwater Performance Monitoring 
Groundwater performance monitoring is required to identify the rate, volume, and location of 
groundwater extraction wells which currently provide groundwater supply under existing 
water resource management practices, and extraction wells intended to participate in proposed  
water resource management or groundwater substitution programs (with and without recharge 
components).  Baseline and project specific groundwater extraction data will help evaluate 
existing resource management practices and the benefits and/or impacts associated with 
programs proposing changes in water resource management at the local or regional level.  For 
water management programs which propose groundwater extraction from an aquifer with little 
previous production history, new test-production wells along with dedicated observation wells 
may be required to facilitate data collection and allow for adequate evaluation of the benefit 
and/or impact associated with program related pumping.   
 
2.2 Surface Water/Groundwater Interaction Monitoring 
Understanding the natural interaction between surface water and groundwater resources 
allows for more effective examination of potential alternatives to existing water resource 
management practices and more accurate evaluation of the local and regional effects associated 
with the implementation of these proposed changes.  The collection of baseline data to build an 
understanding of the local and regional connection between surface water and groundwater 
resources is an important monitoring plan activity.  To quantitatively assess the degree, timing, 
and flow path associated with the hydraulic connection of surface water and groundwater 
systems, an appropriate type and level of monitoring data must be collected.  Groundwater 
level and quality data can be obtained from a combination of multiple-completion monitoring 
wells and stream stage gauging stations located in close proximity to one another.  River stage 
fluctuations and water quality would be measured seasonally during base flow and in response 
to storm events, and compared with groundwater-level fluctuations and water quality 
measured in the aquifers adjacent to the surface water systems.  These data will support 
calculated estimates of the quantity of extracted groundwater that is contributed from surface 
water systems as the direct results of induced leakage, or by the indirect interception of 
groundwater that would otherwise have discharged to the surface water system.  Delineation of 
the timing and magnitude of this interconnection is essential to properly assess the local and 
regional affects associated with isolated and cumulative changes in water resource management 
practices (determination of real water versus paper water). 
 
2.3 Habitat Monitoring 
The long-term health of riparian vegetation, wetland species, and number of other native 
habitat are commonly associated with maintaining a minimum range of groundwater levels and 
an appropriate level of interaction between surface water and groundwater resources.  The 
lowering of groundwater levels due to natural climatic changes or the interception of 
groundwater underflow to surface water systems due to the increased groundwater extraction 
associated with water management programs, have the potential to impact the native habitat 
areas.  Baseline habitat monitoring is an important data collection objective because it allows for 
a better understanding of the existing water resource requirements of the native habitat and the 
evaluation of potential impacts associated with potential changes in water resource 
management practices.  In order to identify potential habitat impacts associated with potential 
changes in water management practices, a program-specific network of shallow monitor 
monitoring wells should be developed to detect changes in water levels over the shallowest 
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portion of the aquifer.  In evaluating impacts to certain wetlands species, it is important to 
discern both the rate of groundwater level change, as well as the cumulative change over the 
entire year.  Data collection and monitoring frequency should be appropriately selected to 
support the temporal and long-term evaluations.  
 
2.4 Water Quality Monitoring 
The general quality of surface water and groundwater systems in the Sacramento Valley is high.  
However, localized areas of lower quality water, due to naturally occurring and man-made 
sources, exist that can impact domestic and agricultural groundwater use.  Detailed baseline 
water quality sampling can help identify and protect against potential sources of poor quality 
water and can also help define the source of groundwater recharge, the age of groundwater 
being extracted, the path of water flow, and the degree of connection between adjacent aquifer 
systems.  Baseline and project-specific water quality sampling can help identify the source and 
timing of aquifer recharge and can help ensure that the groundwater pumping does not directly 
extract, or induce migration of, poorer quality groundwater.  Sampling and analytical testing 
for baseline and project specific water quality data should be conducted so as to allow for 
consistent and meaningful comparison and analysis of the data.  At a minimum, water quality 
testing should include the standard suite of minerals, metals, and nutrients analysis.  In 
addition, water quality sampling for oxygen isotopes, age dating, and low-level volatile organic 
compounds are recommended to help identify the source and timing of aquifer recharge, and 
the direction of water movement.  If artificial recharge activities play a significant role in water 
management activities, the potential impact on groundwater quality due to the introduction of 
differing quality water should also be evaluated. 
 
2.5 Land Subsidence Monitoring 
Historic data indicates that permanent land subsidence has occurred over portions of the 
Sacramento Valley.  Regional baseline and local project specific collection of land subsidence 
data is important objective to help limit further land subsidence due to groundwater extraction.  
Adequate monitoring and responsible management of future groundwater extraction should 
eliminate the possibility of further land subsidence.  Land subsidence data collection activities 
should include the use of extensometers along with a regional GPS monitoring network. 
Extensometers provide continuous monitoring of local conditions, while a GPS land subsidence 
network provides the opportunity for periodic measurements at a regional scale.  Several 
extensometers, along with local GPS monitoring networks, currently exist within the SVIRWMP 
region.  The frequency, density, and type of monitoring should be adjusted as needed to match 
the local susceptibility, existing groundwater demand, and potential changes in demand 
associated with local and regional changes in water resource management.  
 
2.6 Basin Recharge Monitoring  
Understanding of the source and timing of the natural recharge to the aquifer systems is an 
important aspect to successful water resource management.  Regional groundwater elevation 
data indicates that, under the existing level of demand, the majority of aquifers within the 
Sacramento Valley groundwater basin recover during the winter months to previous spring 
levels in all but the driest water years.  However, localized areas of these same aquifer systems 
also exhibit a slow decline in spring-to-spring groundwater levels even in normal water years.  
Proper collection and utilization of basin recharge data can help identify and evaluate current 
water resource management practices, and design alternatives that will better balance the local 
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water supply and demand; thereby minimizing local aquifer impacts while maximizing 
regional yield and recharge potential.  Although data collection in support of basin recharge 
evaluation is currently being conducted, an increase in the location and timing of surface water 
flow, groundwater level, and detailed water quality monitoring is recommended to further 
examine the timing and spatial distribution of natural recharge during multiple water year 
types.  These data will help further the understanding of principal processes that act to 
replenish groundwater levels following each irrigation season and throughout the year in areas 
of continuous urban demand.     
 
2.7 Hydrogeologic Characterization of Aquifer Systems 
Much work has been done to characterize the aquifer systems in the Sacramento Valley; 
however, questions regarding geologic stratigraphy, the lateral continuity of aquifers within 
this geologic framework, and the vertical continuity or interconnection of the multiple aquifer 
systems still exist.  As new monitoring wells are drilled and constructed, an important objective 
to furthering the hydrogeologic understanding of the region should include development of 
standard geologic sampling and data collection procedures.  Standard data collection protocol 
for geologic sampling, geophysical logging, and well development would allow for more 
accurate comparison of these data, which translates to a more accurate modeling of the system 
and more thorough assessment of the potential effects associated with local and regional 
changes in water management practices. 
 
 
3.0 Data Collection and Management 
 
Responsible management of water resources in the SVIRWMP region requires the collection of a 
significant quantity of data including surface and groundwater use, groundwater levels, stream 
flow, groundwater quality, land subsidence, land use, and other environmental data.   
 
Numerous data collection and analysis activities are currently on-going in the Sacramento 
Valley. These efforts are being conducted by the DWR in cooperation with county and water 
district personnel.  In addition, grant funding to various agencies within the SVIRWMP region 
will provide further opportunities for collaboration of data collection, management and 
distribution with State, county, watershed groups, water district staff, and independent water 
resources users.  Some of the current primary data collection efforts are summarized below: 

 
• Aquifer parameters data from aquifer performance testing  
• Groundwater level data  
• Groundwater storage data from change in groundwater level analysis 
• Stream-aquifer recharge data from instream flow monitoring 
• Land and water use data  
• Groundwater and surface water quality data  
• Land subsidence data  
• Subsurface geologic data associated with monitoring well drilling  
• Well infrastructure data associated with Well Completion Reports 

 
Effective utilization and sharing of these data will require a significant level of coordination 
with respect to the collection, quality control, management, and distribution of these data sets.  
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One possible approach to managing the regional data would be to utilize the existing Water 
Data Library (WDL) developed and maintained by the DWR.  DWR is currently in the process 
of developing WDL into a GIS based Information Management System (IMS) that will allow 
more effective storage, retrieval, and sharing of data.  Similarly, several counties in the northern 
Sacramento Valley are in the process of developing their own internet based GIS information 
management system which will allow storage, maintenance, and retrieval of a number of local 
data sets.  It is envisioned that the State and county internet based information management 
systems would have the ability to serve up the data they store and maintain, to help facilitate 
the seamless sharing of both local and regional data, regardless of the data storage location.  
 
A generalized work plan to develop protocols for the collection, management, exchange, and 
dissemination of the data is presented below.  A general overview of how the State WDL, or 
State and county GIS IMS, could support future data collection and management activities are 
listed and organized according to data parameter, along with recommendations for 
enhancements to achieve the required additional functionality.  It is important to recognize that 
development and coordination of data management systems is a very dynamic process and will 
require on-going adjustments to the systems to meet the changing technology and the overall 
needs associated with collecting, managing, and distributing multiple types of high-quality 
water resource related data.    
 
Conceptual Data Collection and Management Work Plan  

1. Meet with local and regional data users and providers 
a. Develop a data management subcommittee and identify stakeholder 

representation. 
b. Identify structure and process for data management development. 

2. Develop a regional baseline monitoring plan 
a. Identify data components (groundwater levels, quality, pumping, land 

subsidence, etc.). 
b. Identify data collection locations and frequency. 

3. Identify data analysis and reporting needs. 
a. Develop data reporting specifications needed to conduct analyses or provide 

resource status updates. 
4. Develop a data management and exchange strategy. 

a. Canvass existing data management methods and systems. 
b. Specify the local and regional needs for data management and exchange . 
c. Identify data management and exchange deficiencies of WDL or the local IMS. 
d. Upgrade the WDL or local IMS to meet deficiencies.  
e. Identify specifications for data flow – into the WDL or local IMS from data 

collection cooperators and from the WDL or local IMS to analysis tools. 
f. Develop methods for exchanging data. 

5. Develop QA Plan. 
a. Develop field manual specifying standard methods of data collection. 

6. Train data collection cooperators. 
a. Field collection techniques and quality control standards. 
b. Data reporting requirements and quality control standards. 

7. Implement monitoring program. 
a. Collect and exchange data. 
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b. Report and analyze data. 
c. Modify data collection, management, and reports as required. 

 
 
4.0 Data Collection Elements 
 
The following section presents the specific data elements that are proposed to be meet the 
monitoring and data collection objectives of the draft framework for Sacramento Valley water 
resource data collection, monitoring and evaluation program.  
 
4.1  Groundwater Pumping 
Understanding the location, volume, and duration of groundwater extraction is important data 
element for meeting a number of the overall data collection objectives listed above.  Baseline 
estimates of groundwater pumping/extraction may be derived from land and water use 
analysis but there is limited direct monitoring of groundwater extraction, and no historical 
database of agricultural groundwater pumping data for the Sacramento Valley.  Consequently, 
no mechanism for the storage, management, and dissemination of agricultural water extraction 
data has been developed.  The Hydstra (HY) module of the WDL is capable of handling the 
storage and retrieval of either manual or automatic groundwater extraction measurements over 
a number of monitoring frequencies.  Historically, there has been significant resistance to the 
baseline collection of this type of data.  As the framework for Sacramento Valley monitoring 
and data collection is developed, the benefits of developing accurate groundwater extraction 
data to assist in the planning and projection of future water resource needs, versus continuing 
to project water resource needs from groundwater extraction estimates based on crop demand 
and water supply estimates, should be revisited.   
 
Baseline information for groundwater wells should include well location, construction, 
production rate, and the annual production volume.  In addition to these baseline needs, a more 
detailed inventory of production well data should be developed for wells proposed to operate 
in local or regional-scale projects that increase groundwater extraction.   The detailed well 
inventory should be developed prior to the start of the proposed program and should include 
the following data:  
 

• Well Completion Report (driller’s log):  This data is needed to identifying well 
construction (depth, casing size/type, perforations, seals, etc), drill date, and driller’s 
lithology picks. If a Well Completion Report is unavailable, a borehole video should be 
required to document well construction and production interval prior to allowing 
participation in a pumping program.  

• Well Location: This data should include Township, Range, Section, Assessor Parcel 
Number & GPS coordinates. 

• Well Capacity: Estimated pumping rate for program related pumping and estimated 
average annual well operation (time and volume), i.e., 90-days, & 600 ac-ft per year. 

• Groundwater Levels:  Static and pumping groundwater levels should be provided.  
• Power Source & Energy Demand Requirement: The proposed source of power should be 

identified along with estimated energy demand requirement per volume of water. 
• Well Efficiency:  The results from recent well operation efficiency testing.  



SEPTEMBER 10, 2007 

 10 

• Groundwater Quality:  Electrical conductivity, general minerals, metals, nutrients, and 
oxygen isotope analysis should be provided in order to characterize the overall 
groundwater water quality and estimate source of groundwater recharge, prior to the 
start of a proposed pumping program. 

 
In addition to the one-time inventory of production well data, water level and water quality 
monitoring should be conducted annually, with a frequency that provides sufficient data to 
document the seasonal and long-term fluctuation over a number of water year types.  These 
data will help facilitate analysis of the effects to groundwater and surface water systems over a 
series of water year types for which the proposed project may operate.    
 
4.2 Groundwater Levels 
Groundwater levels directly reflect water in storage and provide an important data element for 
analysis of flow patterns, stream-aquifer interaction, basin recharge, habitat health, and the 
overall effects associated with proposed changes to water resource management practices.  
DWR, along with federal, county, and local cooperators, currently maintains and monitors a 
large network of active and abandoned wells which are manually measured on a semiannual, 
quarterly, or monthly basis.  The data from most of these groundwater level monitoring 
programs are currently stored, managed, and disseminated through the WDL groundwater 
module.  Over the last 70 years, over 200,000 measurements have been made from about 2,300 
Sacramento Valley wells.  
 
DWR, with cooperator assistance, also monitors a network of dedicated observation wells using 
dataloggers which automatically record groundwater level and temperature data.  As of 
August, 2007, approximately 180 data loggers were installed at 80 dedicated monitoring well 
sites in the Sacramento Valley portion of Colusa, Glenn, Butte, Tehama and Shasta Counties.  
These dataloggers are typically set to record and store groundwater level and temperature data 
on an hourly basis, resulting in very large data sets.  The WDL was recently expanded to 
manage the large quantity of “continuous” time-series data, using the Hydstra (HY) module.  
Data from the continuous recorders are typically downloaded from the datalogger and 
uploaded into the WDL HY module database on a quarterly basis. 
 
The existing level of effort required to maintain the groundwater dataloggers and manage the 
data is quite large.  Changes in water resources management practices that further increase 
groundwater extraction will likely increased the need for additional dedicated monitoring wells 
-- subsequently increasing the level of effort associated with groundwater data collection and 
management.  The frequency of manual groundwater level measurements and datalogger 
downloads by DWR staff is proposed to continue at the present rate.  The frequency of 
groundwater level monitoring is discussed in Section 5.2.  Table 1 in Section 5.1 provides a 
breakdown of proposed data collection frequencies for a groundwater monitoring network 
designed to assess the potential effects of expanded groundwater production on surrounding 
groundwater users and surface water systems.  Initially, agencies cooperating with 
groundwater level data collection would be required to submit this data to DWR for quality 
assurance and quality control (QA/QC) and uploading to the WDL HY module.  DWR would 
work with the data collection cooperators to develop procedures whereby the cooperation 
agency could QA/QC the data and directly upload data into WDL.    
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4.3 Streamflow 
Streamflow and/or stage height is measured by several agencies along the Sacramento River 
and its tributaries.  Data for stations managed by DWR are stored in the HY module of the 
WDL.  The HY module also includes an import routine to obtain California Data Exchange 
Center (CDEC) data.  Additional effort will be required to import data from stations that are not 
currently in the DWR network and the CDEC system. 
 
4.4 Water Quality 
A number of local interest groups, private and public water purveyors, county, state, and 
federal agencies participate in groundwater quality monitoring outside the required regulatory 
programs run by the State Water Resources Control Board (SWRCB), the Department of Health 
Services (DHS), and the Department of Pesticide Regulation (DPR).   
 
DWR conducts annual water quality monitoring of surface water systems and groundwater 
aquifers throughout the Sacramento Valley.  These monitoring programs focuses primarily on 
collection of long-term baseline data which includes analysis for naturally occurring indicators 
of groundwater quality such as metals, minerals, and nutrient content.  DWR also collaborates 
with counties, water purveyors, Lawrence Livermore National Laboratory (LLNL), and the 
United States Geological Survey (USGS) to provide a more detailed analysis of surface water 
and aquifer chemistry.  These detailed sampling efforts are typically program or project-related 
and focus on specific characterization of the resource and delineation of human-induced 
impacts.  Detailed groundwater quality sampling is often utilizes dedicated monitoring wells to 
provide isolated analysis of discrete aquifer intervals.  Since 1998, data analyzed at DWR Bryte 
Laboratory have been stored in the WDL, and contain complete QA/QC in accordance with 
DWR’s Water Resource Engineering Manual (WREM) 60.   Data from 1990-1998, are stored at 
the corresponding DWR district office in a local database or in hard copy form.  Prior to 1990, 
these data were stored in microfiche files or in DWR’s former data management system, WDIS.  
The pre-1990 data were develop without a formal QA/QC program, although some of this 
information could be reconstituted using historical records on file at Bryte Lab.  
 
The Northern Sacramento Valley counties have developed a Four County Strategy to promote 
regional collaboration among Butte, Colusa, Glenn, and Tehama counties. The Strategy, 
implemented through the Four County Drinking Water Quality Program, promotes regional 
collaboration for effective coordination and analysis of shared drinking water resources, and 
contributes to local, regional, and statewide water quality goals. Part of this program includes 
an ongoing assessment of current groundwater quality. Many of the dedicated monitoring wells 
currently sampled by DWR are owned by the local counties and thus contribute to local 
groundwater quality assessment. A number of counties also incorporate groundwater quality 
sampling as part of the local Basin Management Objectives (BMOs) of the groundwater 
management plan. Data collected as part of these management activities are stored at the local 
county.  The QA/QC methods associate with the collection and storage of local county data is 
unknown. 
 
As part of the California Aquifer Susceptibly (CAS) Program and the Groundwater Ambient 
Monitoring and Assessment Program (GAMA), DWR coordinated with the USGS and LLNL to 
sample detailed water quality at numerous public supply and dedicated monitoring wells in 
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Butte, Glenn, Tehama, and Shasta Counties.  These data are stored at the USGS, LLNL and 
DWR.      
 
Water quality grab samples or more detailed analysis can be managed within the existing Water 
Quality (WQ) module of the WDL.  More frequent time series samples of temperature, electrical 
conductivity (EC), and total dissolved solids (TDS) data can be managed within the WDL WQ 
module. WDL HY module, or local data management system.  
 
4.5 Land Subsidence 
Existing land subsidence monitoring in the Sacramento Valley consists of borehole 
extensometers and GPS monitoring stations.  Thirteen extensometers are currently operating in 
the Sacramento Valley, including two in Yolo County, one in Sutter County, two in Colusa 
County, three in Glenn County, and five in Butte County.  Maintenance and operation of the 
extensometers are conducted by DWR.  The accuracy of the extensometer monitoring varies 
according to the type and method of installation.  Land subsidence, water level and estimated 
accuracy of these data are stored in the WDL.  
 
GPS land subsidence monitoring in the Sacramento Valley includes continuous GPS monitoring 
stations and non-instrumented GPS monuments. GPS land subsidence stations are capable of 
monitoring vertical displacement (subsidence) as well as horizontal movement of the land 
surface. Vertical accuracy of these stations is typically plus or minus one centimeter, although 
greater accuracy is possible. Unlike extensometers, GPS monitoring stations are not limited by 
depth and record all land subsidence occurring at a particular location. However, most of the 
GPS land subsidence networks are not instrumented with continuous recording equipment and 
are dependent upon periodic resurveying of the network.  At present, there are eight 
Continuously Operating Reference Stations (CORS) in the Sacramento Valley.  Data from these 
stations are uploaded via satellite and are then accessible on Internet sites operated by the 
National Geodetic Survey (NGS) and the California Spatial Reference Center (CSRC).  
 
There are also three non-instrumented GPS monitoring networks in the Sacramento Valley.  
One is located in the Sacramento-San Joaquin Delta consisting of about 120 stations, one is in 
Yolo County consisting of 58 stations, and one is in Glenn County consisting of 56 stations.    
Current efforts are underway to combine and expand these GPS land subsidence monitoring 
networks into one inclusive network for the entire Sacramento Valley.  Installation and survey 
of benchmarks is schedule for spring 2008.  
 
Any new GPS land subsidence monitoring stations constructed to monitor the potential affects 
of future groundwater production activities would likely be operated by DWR, and would be 
incorporated into the CSRC network so that the data would be managed and disseminated by 
CSRC.   
 
4.6 Other Data 
It is intended that the framework for monitoring, data collection, and evaluation is a living 
document and will evolve as information is collected and data gaps are identified.  As the need 
for additional data are identified, standard methods for collection and distribution of these data 
will need to be incorporated into the framework for SVIRWMP monitoring program.  One 
additional data set which should be considered for collection, management, and distribution, is 
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land use data.  Land use data is currently being collected by DWR, county agriculture 
departments, and local water districts.  DWR land use surveys are conducted by county.  The 
survey frequency varies by district, but is typically once every five years.  Since the mid-90’s 
most of these surveys have been developed electronically and are available upon request.  
Annual reporting of crop type, acreage, etc., is typically submitted to the local county 
agriculture commissioner.  These data are merged and distributed via an annual report.  More 
detailed land use data is typically collected at the water district level.  Understanding land use, 
and the associated water supply supporting the land use, is important aspect to understanding 
baseline changes in supply and demand, and program related effects of water resource 
management alternatives.             
 
 
5.0 Monitoring Frequency 
 
5.1 Groundwater Production Monitoring 
Groundwater extraction data, associated with existing demand for overlying agricultural and 
domestic use, should be monitored monthly and reported annually.  Groundwater production 
well data, associated with projects that increase the existing level of groundwater extraction, 
should be monitored weekly during the irrigation season (April through October), and monthly 
during the recharge season (November through March), and reported monthly for one-year 
after the start of program-related groundwater extraction. 
 
Baseline well construction information for existing agricultural and public supply wells should 
be collected and incorporated into the existing Well Completion Report (WCR) data on file at 
DWR.  The DWR W CR database should be updated to fill-in missing reports, data gaps, and 
accurate well location.  Protocol for coordination between DWR and county environmental 
health departments should be explored to allow for better tracking of the number of well 
drilling permits issued at the county level, against the actual number of WCR received at DWR. 
Production well construction information, associated with wells participating in program that 
increase the existing level of groundwater extraction, should be collected prior to the start of a 
pumping program.  
 
5.2 Groundwater Levels  
The frequency of manual groundwater level monitoring should be dependent upon the area 
and the intended use of the data.  In many areas, monitoring of groundwater levels three to four 
times a year is adequate for baseline evaluation of seasonal fluctuation, annual trend 
comparison, and assessment of regional groundwater flow.  In areas of high groundwater 
demand or program related pumping, a density of the monitoring grid and the frequency of 
measurements should be increased, as needed to adequately document the local and regional 
effects associated with the pumping program. Table 1 lists a suggested frequency for manual 
monitoring of groundwater levels for wells within areas of program-related pumping. As data 
becomes available, a decrease in manual monitoring frequency may be appropriate.    
Continuous recording of groundwater levels in dedicated monitoring wells equipped with 
dataloggers should be conducted at hourly intervals and downloaded in conjunction with the 
schedule for manual monitoring in Table 1.  
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Table 1 
Suggested Frequency of Manual Groundwater Level Monitoring 

Period Frequency 
April Bi-weekly 
May Bi-weekly 
June Weekly 
July Weekly 
August Weekly 
September Bi-weekly 
October Bi-weekly 
November Bi-weekly 
December Bi-weekly 
January Bi-weekly 
February Bi-weekly 
March Bi-weekly 
 
 
5.3 Stream-Aquifer Interaction 
Groundwater levels and river stage data used to evaluate stream-aquifer interactions should be 
collected at 15 minute intervals, using synchronized dataloggers, until a consistent pattern of 
stream-aquifer interaction can be identified.  Subsequently, the monitoring frequency could be 
reduced as required to support continued analysis of stream and aquifer interaction.  
 
5.4 Water Quality 
Baseline water quality sampling is recommended for each well included in the groundwater 
level monitoring network.  Baseline sampling should include minerals, metals, and nutrients 
analysis.  In addition, production wells participating in program-related groundwater 
extraction, should also conduct water quality analysis for oxygen isotopes, age dating, and low-
level volatile organic compounds to help identify the source of extracted groundwater, the 
timing of aquifer recharge, and the direction of water movement.  On-going water quality 
monitoring could be conducted annually and would likely include basic indicating parameters 
of water quality (EC/TDS).  If major changes are noted in the EC/TDS values, the baseline 
sampling suite could be repeated and/or expanded as appropriate to investigate the nature and 
significance of the observed changes.  The baseline sampling suite for all wells in the network 
may be repeated every 5 years to monitor long-term trends in quality. 
 
5.5 Land Subsidence 
Data from the existing extensometers are currently collected hourly and downloaded monthly. 
To simplify data management, review of less frequent data collection should be explored.  The 
continuously operating GPS monitoring stations take readings at intervals ranging from one to 
30 seconds, and a daily average is calculated from all of the data.  The resurvey schedule for the 
Sacramento Valley GPS land subsidence network, planned for initial installation and survey in 
spring 2008, should be reviewed and established. 
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6.0 Data Interpretation 
 
Information generated by the data collection activities of this monitoring plan should be 
interpreted using an array of graphical and analytical techniques, in conjunction with the 
numerical surface water and groundwater modeling.  This section discusses some of the data 
interpretation techniques that could be employed to evaluate local, regional and cumulative 
changes to the existing surface water and groundwater systems as the result of one or all of the 
following scenarios: increased groundwater extraction associated with program-related changes 
in water resource management, changes in land and water use due to urbanization, short-term 
changes in water supply availability due to periods of drought, and long-term changes in 
hydrology due to changing climate conditions. 
 
Effective planning and interpretation of water resource management alternatives will likely 
require the use local and regional-scale hydrologic models that have the ability to integrated 
regional operations and planning scenarios into local project-level assessments.  Multiple 
models are needed to accurately and efficiently evaluate the local, regional, and cumulative 
effects to the stream/aquifer interaction associated with isolated local projects, as well as, 
integrated regional-scale projects which propose to increase groundwater extraction or 
significantly alter existing water resource management practices.  
 
The Department of Water Resources (DWR) is currently in the process of inventorying and 
evaluating the existing groundwater and hydrologic models in the Sacramento Valley and 
developing recommendations for an integrated approach to local and regional modeling.  The 
overall goal is to develop a standard modeling approach that will meet the regional needs 
associated with state planning and cumulative programmatic assessment, and the local project 
needs associated with impact assessment, through the integrated sharing of data within a 
compatible modeling platform.   
 
6.1 Groundwater Pumping/Artificial Recharge 
Groundwater extraction, along with the rate and volume of aquifer recharge over time, should 
be collected from each production well or artificial recharge facility associated with the 
implementation of programs that implement changes in local or regional water resource 
management practices. These data would be summarized and distributed for analysis and 
comparison to groundwater extraction versus land use, irrigation methods, and seasonal 
groundwater level fluctuations.     
 
6.2 Groundwater Levels and Pumping Impacts 
Groundwater level data will be collected from a regional baseline monitoring network in 
additional to a denser site specific monitoring network. The site specific network will be 
developed to adequately monitor local changes in groundwater levels associated with 
implementation of programs that increase groundwater extraction or implement significant 
changes in local groundwater resource management practices. Groundwater level data will be 
collected from multiple depths to identify changes in groundwater levels over a range of aquifer 
intervals.  These data will also be analyzed to determine the magnitude of groundwater level 
drawdown and the rate of recovery in the months that follow. The groundwater level data will 
be evaluated spatially and temporally through groundwater elevation contouring and 
hydrographs showing drawdown over time, and distance versus drawdown at the local level.  
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Changes in groundwater gradients and flow paths should be developed for multiple extraction 
periods.  Groundwater level data should be correlated with precipitation and streamflow data 
to further investigate the effect of precipitation patterns and streamflow on the rate of 
groundwater level recovery observed during the following winter and spring.  These data will 
also be evaluated in the context of existing BMOs established in the Sacramento Valley.  
 
The depression of groundwater levels due to groundwater extraction near critical habitat such 
as riparian vegetation and wetlands should also be evaluated.  The groundwater monitoring 
network should contain shallow monitoring wells that will record changes to the water table 
elevation in the vicinity of these sensitive habitat areas.  For some sensitive species, the rate of 
change of groundwater levels is as critical, or more critical, than the absolute change.  The 
frequency of monitoring will be of sufficient resolution to allow assessment of the effects of 
program related pumping to riparian and wetland habitat. 
 
6.3 Surface Water/Groundwater Interaction  
The use of groundwater modeling tools to interpret data collected as part of the assessments of 
surface water/groundwater interaction is especially critical because the anticipated magnitude 
of the streamflow impacts associated with groundwater extraction are likely smaller than can be 
directly measured.  However, it is still important to estimate the percentage of groundwater 
extraction that is either directly abstracted from surface water systems, or indirectly removed 
through interception of groundwater that would have discharged to the surface water systems.  
The timing of these impacts should be closely evaluated; what may be a significant impact to a 
stream during one time of year may not be significant at a time when flows are higher or critical 
fish species are not present.  
 
The proposed approach to estimate the degree of hydraulic connection between surface water 
and groundwater systems will require measurement of stream stage in conjunction with nearby 
groundwater elevation data from a dedicated wells monitoring at multiple aquifer depths.  
During the winter months, stream stage varies considerably (in excess of 10 to 15 feet on major 
streams) in response to storm events. As the stage in a stream rises, a pressure wave is 
propagated through the underlying aquifer and can be detected in groundwater level data 
collected from surrounding wells. The timing and magnitude of the pressure wave as it passes 
through the well, i.e. the time-series of groundwater levels measured in the well, is indicative of 
the distribution and magnitude of aquifer transmissivity, aquifer storage, hydraulic 
conductivity of the streambed, and the vertical hydraulic conductivity of the aquifer.  
 
The stage and groundwater elevation data collected during these winter storm events can be 
interpreted using a local scale model -- developed and calibrated to estimate the surface 
water/groundwater response to groundwater extraction and/or artificial aquifer recharge.  The 
observed changes in river stage will be input to the groundwater model, and the aquifer and 
streambed properties adjusted until good agreement is achieved between the simulated and 
observed groundwater elevations in wells near the river.  If possible, it is desirable to have an 
independent estimate of the aquifer transmissivity near the stream when performing this 
analysis.  For this reason, it is preferable to construct a stage gage/monitoring well pair in close 
proximity to a production well so that an aquifer test using the production well can be 
conducted in conjunction with the surface water/groundwater analysis.  The results of this 
analysis will be a refined estimate of the spatial distribution of aquifer properties near the 
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monitoring well(s), and an estimate of the vertical leakance (streambed permeability divided by 
thickness) of the riverbed.  These data can then be input to a groundwater model to provide 
improved estimates of the magnitude and timing of stream impacts resulting from groundwater 
pumping in the Sacramento Valley.  
 
6.4 Aquifer Properties 
To accurately forecast the timing and magnitude of groundwater extraction impacts on the 
surrounding groundwater levels, an accurate measure of the transmissivity, storage properties, 
and ratio of horizontal to vertical hydraulic conductivity of the aquifer system is required.  
Since all of these aquifer properties vary spatially and with depth in the aquifer, it is desirable to 
collect information from as many locations and depths as is possible.  Additional production 
and groundwater monitoring wells, installed to support future groundwater production 
programs, can be used to conduct numerous aquifer tests across the northern valley. The 
analysis of the data collected during these tests will greatly improve existing estimates of 
aquifer properties over a significant part of the Sacramento Valley. 
 
The primary type of data that is required to estimate aquifer properties are time-variant 
groundwater level data that occurs in response to groundwater pumping at a known rate, 
location, and depth. It is ideal to collect these data from a series of monitoring wells during a 
period of relative quiescence in the aquifer, i.e. when little surrounding groundwater pumping 
is occurring other than that from the instrumented well(s). However, significant information 
with respect to aquifer properties can still be obtained from measuring groundwater levels in 
the pumping wells during periods when groundwater pumping in surrounding areas is being 
conducted.  It is anticipated that during the course of implementation of any groundwater 
production program, groundwater level data will be collected under a variety of conditions; 
both during designed aquifer tests when background pumping is at a minimum (i.e. during 
non-irrigation periods), and during the course of the irrigation season while program wells are 
operating. 
 
The overall approach to data interpretation will be to employ a series of analytical and 
numerical modeling tools that can reasonably replicate the observed distribution of drawdown 
at various depths and distances surrounding the pumping well(s) when the groundwater 
pumping information (schedule, rate, depth, location) is given.  When good agreement is 
obtained between simulated and measured drawdown, the distribution of aquifer properties in 
the model are concluded to be sufficiently accurate.  Associated with the application of these 
analytical tools, boring logs and geophysical logs will be evaluated to develop a conceptual 
model of the stratigraphy at the site.  To accurately interpret the aquifer test data, it is essential 
that the underlying interpretation of aquifer and aquitard configuration is reasonably accurate. 
The existing superposition groundwater flow model, or a similar numerical tool, can be 
modified as appropriate to incorporate the refined estimates of aquifer properties along with 
any revisions in geologic interpretation.  
 
6.5 Groundwater Quality 
Prior to the implementation of programs that propose to significantly increase groundwater 
extraction, or change existing water management practices, baseline groundwater quality 
sampling should be performed on selected wells in the program area to provide baseline 
information on groundwater quality.  The baseline sampling suite should consist of general 
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mineral constituents, inorganic elements, nutrients, and oxygen isotope data.  Subsequent water 
quality monitoring should be conducted annually. The level of analysis would be dependent 
upon estimated program operations and findings from the baseline water quality data. In some 
instances, annual monitoring of general field parameters such as EC and TDS may be needed. If 
major changes in EC or TDS are noted, the baseline sampling suite could be repeated or more 
focused monitoring conducted.  At a minimum, the baseline sampling suite for all wells in the 
network should be repeated once every 5 years to monitor the long-term water quality trend.  
 
6.6 Overall Basin Condition (Recharge) 
Groundwater level data from existing and new monitoring wells will provide additional 
information about the response of groundwater levels to winter recharge patterns during a 
variety of water year types.  Historical groundwater elevation data obtained throughout the 
valley indicates that, under existing demand, the majority of the groundwater basin recovers 
during the winter months to previous spring levels in all but the driest water years.  However, 
under the existing level of demand, some local regions are experiencing a slow decline in 
spring-to-spring groundwater levels even in normal water years.  The timing of groundwater 
level monitoring should be evaluated in order to determine if the frequency is sufficient to fully 
identify the local recharge pattern.  In some areas, monthly monitoring may be required over a 
number of water year types. These data will provide more complete information regarding the 
response of the basin to winter recharge periods in a variety of year types. 
 
7.0  Integration with Impact Assessment Tool(s) 
 
The data interpretation strategies outlined above will yield improved estimates of various 
hydrologic parameters at numerous locations throughout the Sacramento Valley.  However, the 
ultimate goal of this data collection and monitoring program is to use these data to improve our 
understanding of groundwater flow, land subsidence, recharge processes, and the interaction 
between surface water and groundwater systems.  To achieve this objective, it is necessary to 
integrate the refined hydrogeologic information into a numerical model to assist estimating 
short-term and long-term changes to groundwater levels and surface water flows at the local 
and regional level.  As discussed above, several modeling tools could be used to support this 
effort, and an evaluation of potential options should be conducted prior to performing the data 
evaluation task.  Once developed, local and regional models can be used to help investigate 
multiple water resource management alternatives, over multiple water year types, under 
multiple land use scenarios.  
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