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PREFACE

PREFACE
This Agricultural Water Management Plan (AWMP or Plan) has been prepared by Solano
Irrigation District (SID or District) in accordance with the requirements of the Water
Conservation Act of 2009, also known as Senate Bill x7-7 (SBx7-7), and the Mid Pacific Region
2014 Standard Criteria. SBx7-7 modifies Division 6 of the California Water Code (CWC or
Code), adding Part 2.55 (commencing with §10608) and replacing Part 2.8 (commencing with
§10800). In particular, SBx7-7 required all agricultural water suppliers greater than 25,000 acres
in size to prepare and adopt an AWMP as set forth in the California Water Code (CWC) and the
California Code of Regulations (CCR) on or before December 31, 2015. Thereafter, the Plan
must be updated every 5 years (§10820 (a)). Additionally, the CWC requires suppliers to
implement certain efficient water management practices (EWMPs). On April 1, 2015 Governor
Brown issued an Executive Order B-29-15, which directs agricultural water suppliers to develop
a drought management plan (DMP) and incorporate it into the AWMP by the December 31, 2015
deadline.
The main resources used to develop this 2015 AWMP were the CWC itself, the relevant sections
of the CCR, the 2015 Agricultural Water Management Plan Guidebook, the Governor’s April
2015 Executive Order, and the Mid Pacific Region 2014 Standard Criteria. The resolution of
adoption and two cross-references are provided on the following pages. The first cross reference
identifies the location(s) in the AWMP within which each of the applicable requirements of
SBx7-7 and the corresponding sections of the CWC and CCR is addressed. The second cross
reference identifies the location(s) in the AWMP within which each of the applicable
requirements of the Mid Pacific Region 2014 Standard Criteria is addressed. These crossreferences are intended to support efficient review of the AWMP to verify compliance with the
CWC and CCR and the 2014 Standard Criteria.
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CROSS-REFERENCE TO REQUIREMENTS OF SBX7-7
California Water Code, Division 6, Part 2.55. Sustainable Water Use and
Demand Reduction

(a)

(b)
(1)

(2)
(c)

(1)

(2)

(3)
(4)

(5)

(6)
(7)

Public Review Draft

Code Language
On or before July 31, 2012, an agricultural water supplier shall
implement efficient water management practices pursuant to
subdivisions (b) and (c).

Applicable
AWMP
Section(s)

Subdivision

10608.48

Paragraph

Division

Chapter 4. Agricultural Water Suppliers

7

Agricultural water suppliers shall implement all of the
following critical efficient management practices:
Measure the volume of water delivered to customers with
sufficient accuracy to comply with subdivision (a) of Section
531.10 and to implement paragraph (2)
Adopt a pricing structure for water customers based at least in
part on quantity delivered.
Agricultural water suppliers shall implement additional
efficient management practices, including, but not limited to,
practices to accomplish all of the following, if the measures are
locally cost effective and technically feasible:
Facilitate alternative land use for lands with exceptionally high
water duties or whose irrigation contributes to significant
problems, including drainage.
Facilitate use of available recycled water that otherwise would
not be used beneficially, meets all health and safety criteria, and
does not harm crops or soils.
Facilitate the financing of capital improvements for on-farm
irrigation systems.
Implement an incentive pricing structure that promotes one or
more of the following goals:
(A) More efficient water use at the farm level.
(B) Conjunctive use of groundwater.
(C) Appropriate increase of groundwater recharge.
(D) Reduction in problem drainage.
(E) Improved management of environmental resources.
(F) Effective management of all water sources throughout
the year by adjusting seasonal pricing structures based on
current conditions.
Expand line or pipe distribution systems, and construct
regulatory reservoirs to increase distribution system flexibility
and capacity, decrease maintenance, and reduce seepage.

(see below)

Increase flexibility in water ordering by, and delivery to, water
customers within operational limits.
Construct and operate supplier spill and tailwater recovery

3.7, 7.3

iii

3.8, 7.2

3.9, 7.2

(see below)
7.3

7.3

7.3
3.9, 7.3

3.4, 7.3

3.4, 7.3

January 2016

2015 SID
AGRICULTURAL WATER
MANAGEMENT PLAN

CROSS-REFERENCE TO
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systems.
(8)
(9)
(10)
(11)

(12)

(13)

(14)
10608.48

(d)

Public Review Draft

Increase planned conjunctive use of surface water and
groundwater within the supplier service area.
Automate canal control structures.
Facilitate or promote customer pump testing and evaluation.
Designate a water conservation coordinator who will develop
and implement the water management plan and prepare
progress reports.
Provide for the availability of water management services to
water users. These services may include, but are not limited to,
all of the following:
(A) On-farm irrigation and drainage system evaluations.
(B) Normal year and real-time irrigation scheduling and
crop evapotranspiration information.
(C) Surface water, groundwater, and drainage water quantity
and quality data.
(D) Agricultural water management educational programs
and materials for farmers, staff, and the public.
Evaluate the policies of agencies that provide the supplier with
water to identify the potential for institutional changes to allow
more flexible water deliveries and storage.
Evaluate and improve the efficiencies of the supplier’s pumps.
Agricultural water suppliers shall include in the agricultural
water management plans required pursuant to Part 2.8
(commencing with Section 10800) a report on which efficient
water management practices have been implemented and are
planned to be implemented, an estimate of the water use
efficiency improvements that have occurred since the last
report, and an estimate of the water use efficiency
improvements estimated to occur five and 10 years in the
future. If an agricultural water supplier determines that an
efficient water management practice is not locally cost effective
or technically feasible, the supplier shall submit information
documenting that determination.

iv

4.3, 5, 7.3
3.4, 7.3
7.3
7.3

7.3

7.3

7.3
7.5
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California Water Code, Division 6, Part 2.8. Agricultural Water
Management Planning
Chapter 3. Agricultural Water Management Plans

10821

(a)

Paragraph

Subdivision

Division

(b)

10826

(a)
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

Public Review Draft

Code Language
An agricultural water supplier shall prepare and adopt an
agricultural water management plan in the manner set forth in
this chapter on or before December 31, 2012, and shall update
that plan on December 31, 2015, and on or before December 31
every five years thereafter.
An agricultural water supplier required to prepare a plan
pursuant to this part shall notify each city or county within
which the supplier provides water supplies that the agricultural
water supplier will be preparing the plan or reviewing the plan
and considering amendments or changes to the plan. The
agricultural water supplier may consult with, and obtain
comments from, each city or county that receives notice
pursuant to this subdivision.
The amendments to, or changes in, the plan shall be adopted
and submitted in the manner set forth in Article 3 (commencing
with Section 10840).
Article 2. Contents of Plans

Code Language
An agricultural water management plan shall be adopted in
accordance with this chapter. The plan shall do all of the
following:
Describe the agricultural water supplier and the service area,
including all of the following:
Size of the service area.
Location of the service area and its water management
facilities.
Terrain and soils.
Climate.
Operating rules and regulations.
Water delivery measurements or calculations.
Water rate schedules and billing.
Water shortage allocation policies.

v

Applicable
AWMP
Section(s)

(a)

2

2

2

Applicable
AWMP
Section(s)

Subdivision

10820

Paragraph

Division

Article 1. General Provisions

(see below)
(see below)
3.3
3.3, 3.4
3.5
3.6
3.7
3.8
3.9
3.10

January 2016

2015 SID
AGRICULTURAL WATER
MANAGEMENT PLAN

(b)
(1)
(2)
(3)
(4)
(5)

10826

(b)

(6)
(7)

Describe the quantity and quality of water resources of the
agricultural water supplier, including all of the following:
Surface water supply.
Groundwater supply.
Other water supplies.
Source water quality monitoring practices.
Water uses within the agricultural water supplier's service
area, including all of the following:
(A) Agricultural.
(B) Environmental.
(C) Recreational.
(D) Municipal and industrial.
(E) Groundwater recharge.
(F) Transfers and exchanges.
(G) Other water uses.
Drainage from the water supplier's service area.
Water accounting, including all of the following:
(A) Quantifying the water supplier's water supplies.
(B) Tabulating water uses.
(C) Overall water budget.

(8)
Water supply reliability.
(c)

Include an analysis, based on available information, of the
effect of climate change on future water supplies.
Describe previous water management activities.

10841

Public Review Draft

Include in the plan the water use efficiency information
required pursuant to Section 10608.48.
Article 3. Adoption and Implementation of Plans
Paragraph

Subdivision

Division

(d)
(e)

Code Language
Prior to adopting a plan, the agricultural water supplier shall
make the proposed plan available for public inspection, and
shall hold a public hearing on the plan. Prior to the hearing,
notice of the time and place of hearing shall be published
within the jurisdiction of the publicly owned agricultural water
supplier pursuant to Section 6066 of the Government Code. A
privately owned agricultural water supplier shall provide an
equivalent notice within its service area and shall provide a
reasonably equivalent opportunity that would otherwise be
afforded through a public hearing process for interested parties
to provide input on the plan. After the hearing, the plan shall
be adopted as prepared or as modified during or after the
hearing.

vi

(see below)
4.2
4.3
4.4
4.5
5

5
5

1.1, 4.2,
5.8
6
1, 2, 3, 4, 7
7

Applicable
AWMP
Section(s)

10826

CROSS-REFERENCE TO
REQUIREMENTS OF SBX7-7

2
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10842

10843

(a)

(b)

(1)
(2)
(3)

(a)

(b)

Public Review Draft

An agricultural water supplier shall implement the plan adopted
pursuant to this chapter in accordance with the schedule set
forth in its plan, as determined by the governing body of the
agricultural water supplier.
An agricultural water supplier shall submit to the entities
identified in subdivision (b) a copy of its plan no later than 30
days after the adoption of the plan. Copies of amendments or
changes to the plans shall be submitted to the entities identified
in subdivision (b) within 30 days after the adoption of the
amendments or changes.
An agricultural water supplier shall submit a copy of its plan
and amendments or changes to the plan to each of the following
entities:
The department.
Any city, county, or city and county within which the
agricultural water supplier provides water supplies.
Any groundwater management entity within which jurisdiction
the agricultural water supplier extracts or provides water
supplies.

7

2

(see below)
2
2
2

(4)

Any urban water supplier within which jurisdiction the
agricultural water supplier provides water supplies.

2

(5)

Any city or county library within which jurisdiction the
agricultural water supplier provides water supplies.
The California State Library.
Any local agency formation commission serving a county
within which the agricultural water supplier provides water
supplies.
Not later than 30 days after the date of adopting its plan, the
agricultural water supplier shall make the plan available for
public review on the agricultural water supplier's Internet Web
site.
An agricultural water supplier that does not have an Internet
Web site shall submit to the department, not later than 30 days
after the date of adopting its plan, a copy of the adopted plan in
an electronic format. The department shall make the plan
available for public review on the department's Internet Web
site.

2

(6)
(7)

10844

CROSS-REFERENCE TO
REQUIREMENTS OF SBX7-7

vii

2
2

2

2
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Applicable
AWMP
Section(s)

Paragraph

Subdivision

Division

Executive Order B-29-15 (April 1, 2015).

Code Language
Agricultural water suppliers that supply water to more than
25,000 acres shall include in their required 2015 Agricultural
Water Management Plans a detailed drought management plan
that describes the actions and measures the supplier will take
to manage water demand during drought. The Department
shall require those plans to include quantification of water
supplies and demands for 2013, 2014, and 2015 to the extent
data is available. The Department will provide technical
assistance to water suppliers in preparing the plans.

viii

3.10,
Attachment

C
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REQUIREMENTS OF 2014 STANDARD CRITERIA

CROSS-REFERENCE TO REQUIREMENTS OF USBR 2014 STANDARD
CRITERIA

Section III - BMPs for Agricultural Contractors

Section II - Inventory of
Water Resources

Section I - Description of the
District

Section

USBR Mid-Pacific Region 2014 Standard Criteria
A. History
B. Location and Facilities
C. Topography and Soils
D. Climate
E. Natural and Cultural Resources
F. Operating Rules and Regulations
G. Water Measurement, Pricing, and Billing
H. Water Shortage Allocation Policies
I. Evaluate Policies of Regulatory Agencies Affecting the Contractor
and Identify Policies that Inhibit Good Water Management
A. Surface Water Supply
B. Groundwater Supply
C. Other Water Supplies
D. Source Water Quality Monitoring Practices
E. Water Uses within the District: Agricultural; Urban; Groundwater
Management Plan/Banking Programs; Transfers, Exchanges,
Rescheduling, Purchases, or Sales; Other
F. Outflow from the District
G. Water Accounting
A. Critical BMPs for Agricultural Contractors
Water Measurement
Designate the Water Conservation Coordinator
Provide or Support the Availability of Water Management
Services to Water Users
Pricing Structure
Evaluate and Improve Efficiencies of Contractor's Pumps
B. Exemptible BMPs for Agricultural Contractors
Facilitate Alternative Land Use
Facilitate Use of Available Recycled Water that Otherwise
Would Not be Used Beneficially, Meets all Health and Safety
Criteria, and Does Not Cause Harm to Crops or Soils
Facilitate the Financing of Capital Improvements for OnFarm Irrigation Systems
Incentive Pricing
Canal Lining/Piping and Regulatory Reservoirs

Public Review Draft

iii

Applicable
AWMP
Section(s)
3.3
3.3, 3.4
3.5
3.6
3.7
3.8
3.11

4.2
4.3
4.4
4.5
5
5
5
see below
3.8, 7.2
7.2
7.2
3.9, 7.2
7.2
see below
7.3
7.3

7.3
3.9, 7.3
3.4, 7.3
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Increase Flexibility in Water Ordering By, and Delivery To,
Water Users (within Operational Limits)

3.7, 7.3

Construct and Operate Contractor Spill and Tailwater
Recovery Systems
Plan to Measure Outflow
Optimize Conjunctive Use

3.4, 7.3

Automate Distribution and/or Drainage System Structures
Facilitate or Promote Water User Pump Testing and
Evaluation
Mapping
C. Provide 5-Year Budget for Implementing BMPs

7.3
4.3, 5, 7.3
3.4, 7.3
7.3
7.3
NA*

* Not applicable for 2015 AWMP. The District will provide 5-year budgets with 2018 update for
submittal to the USBR.
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INTRODUCTION
This Agricultural Water Management Plan (AWMP or Plan) has been prepared by the Solano
Irrigation District (SID or District) to describe the District’s agricultural water management
activities in accordance with Senate Bill x7-7 (SBx7-7), also referred to as the Water
Conservation Act of 2009, and the Mid-Pacific Region 2014 Standard Criteria. Preparation of
the AWMP includes a detailed evaluation of the District’s water management operations as they
relate to the implementation of mandatory and other locally cost-effective efficient water
management practices (EWMPs).
The District’s mission statement (SID, 2016) is:
“Solano Irrigation District’s mission is to provide safe and reliable water to our farms, families,
and businesses. As stewards of our precious local water resources, we are committed to
responsible environmental and fiscal management in order to protect and ensure those resources
into the future.”
Water for irrigation is foundational to supporting agriculture, an important economic activity in
Solano County. In 2014, $380 million in agricultural commodities were produced in the
County1. Key strategies employed by SID to support overall water management objectives are
the conjunctive management of surface and groundwater supplies and water conservation.
SID is an agricultural water supplier that is required to submit a Water Management Plan (WMP)
according to the Standard Criteria (Criteria) to the Bureau of Reclamation (USBR). SID
submitted its WMP accepted by the USBR in February 2010 to comply with the California
Water Code (CWC) requirement to submit an Agricultural Water Management Plan (AWMP) by
December 31, 2012 (CWC §10820). Although most USBR contractors and subcontractors are
required to submit an updated WMP every five years, the USBR delayed SID’s next submission
until 2018. However, recognizing the importance of water management planning, SID has made
significant progress in water management in recent years and has chosen to submit this 2015
AWMP according to the CWC and the Bureau of Reclamation’s 2014 Standard Criteria.
Development of the AWMP represents a substantial effort by SID to evaluate its water
management, including the development of a detailed water balances spanning the period from
1991 to 2014 for three primary water accounting centers:

1

Solano County Agricultural Commissioner’s 2014 Crop Report.
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SID Distribution System
Irrigated Lands
Drainage System

The AWMP consists of an introduction to SID, its history, and previous water management
activities; a review of the public participation process to prepare and adopt this AWMP; a
detailed description of the District’s physical setting, formation, organization, operations, and
facilities; an inventory of water supplies and uses, a discussion of potential impacts of climate
change and adaptation strategies, an evaluation of the implementation of EWMPs and
corresponding Water Use Efficiency (WUE) improvements, and drought management plan.
WATER MANAGEMENT OBJECTIVES AND ACTIONS
The District’s primary water management objective is to maintain a reliable, affordable, high
quality water supply for agriculture and other uses. To that end, SID has conducted and
participated in numerous local and regional water management projects and initiatives, in
addition to the day-to-day operation and maintenance of the District’s supply and distribution
system to meet irrigation, domestic, and M&I water demands. Actions of note initiated in the last
30 years include the following:













Solano Irrigation District Groundwater Resources Report prepared in 1988 and annual
updates on groundwater levels and quality.
Solano Irrigation District Water Management Plan accepted as adequate by the USBR in
February 2010 and accepted as the District’s 2012 AWMP by Department of Water
Resources (DWR).
Annual Water Management Plan updates submitted to the USBR.
Capital Replacement Charge (CRC) Financial Plan in 2014, for M&I customers, to
provide a funding plan to replace facilities before they fail.
Strategic Plan in 2014, providing a roadmap for the District to respond to current and
future challenges. The plan consists of Board-approved two tier program and strategy
statement. Additionally, the plan re-confirmed the District’s mission statement and
established District Vision and Values statements.
Financial Plan and Water Rate Study in 2015, providing a financial plan and cost of
service analysis to support the District’s future water rates. Key objectives of the study
included revenue sufficiency, fairness, and affordability among others.
System Optimization Review Report in 2015, providing information on the best, most
cost-effective practices to implement to improve the project efficiency and customer
service;
Water Supply Shortage Risk Assessment in 2015, providing information on projected
future SID agricultural water demands.
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1991 – 2014 Water Balance Description and Results in 2015, providing information on
the sources, uses and disposition of surface and groundwater in the District along with
losses and performance indices.

Recent drought conditions reemphasize the importance of recharge from surface water supplies
for the Solano and Suisun-Fairfield Groundwater Subbasins to achieve sustainability, as
envisioned by the recent enactment of the Sustainable Groundwater Management Act of 2014
(SGMA). Analysis shows that seepage and deep percolation of most of SID’s surface water
supply serves as a primary source of recharge to these two groundwater subbasins. Thus, a
significant portion of the water used by others within these groundwater subbasins is derived
from management of surface water resources by SID and its irrigation customers. SID is and will
continue to actively work with others within Solano County to comply with SGMA. In addition
to its own water management practices, SID will work with local interests to develop the tools
needed to achieve long-term groundwater sustainability by identifying additional ways to
maximize local water supplies, enhance conjunctive management practices, and recharge the
groundwater system.
IMPLEMENTATION OF EFFICIENT WATER MANAGEMENT PRACTICES
SBx7-7 and the 2014 Standard Criteria list 16 EWMPs and 17 Best Management Practices
(BMPs), respectively, aimed at promoting efficient water management. According to SBx7-7,
two of these are “critical” or mandatory, and the remaining fourteen “conditional” EWMP are to
be implemented if technically feasible and locally cost effective. Similar to EMWPs, according
to the 2014 Criteria, BMPs are critical and mandatory to implement and the remaining 12 BMPs
are to be implemented only technically feasible and locally cost effective. SID is implementing
all of the mandatory EWMPs and BMPs. Of the fourteen conditional EWMPs and twelve
exemptible BMPs, SID is implementing all of those that are technically feasible at locally cost
effective levels. These actions are organized with respect to the Best Management Practices
(BMPs) listed in the USBR 2014 Criteria for Water Management Planning and the Efficient
Water Management Practices (EWMPs) described in California Water Code (CWC) §10608.48.
The EWMPs and BMPs, along with past and future implementation activities by SID are
described in Table ES-1.
The District has focused recent EWMP evaluation and implementation efforts on improving
delivery flexibility to customers and reducing operational spillage through canal automation.
The Vaughn canal has been chosen as the pilot site for an initial Total Channel Control (TCC)
implementation. The District will install eight Rubicon FlumeGates, 17 Rubicon SlipGates and
13 magnetic flowmeters to control and monitor flows including the pumps and wells located on
the Vaughn. Work on the pilot project is currently in progress and is expected to be complete for
the 2016 irrigation season.
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CONCLUSION
Development of this AWMP has provided SID with an opportunity to evaluate and describe its
ongoing water management activities and to evaluate how these actions support the District’s
water management objectives, described above, as well as water use efficiency improvements
from the State’s perspective. As demonstrated in the Plan, SID is a local leader in water
management and is committed to the ongoing evaluation and implementation of water
management practices that meet the District’s mission and corresponding water management
objectives. In the future, SID will continue efforts to effectively manage available surface water
and groundwater supplies.
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Table ES-1. Summary of BMP/EWMP Implementation Status
Reclamation
2014 Criteria

Water Code
Reference No.

Critical BMP
1

10608.48.b(1)
Mandatory

BMP/EWMP
Water Measurement/Measure
the volume of water delivered
to customers with sufficient
accuracy

Position

Implementing

10608.48.c(11)

Designate the Water
Conservation Coordinator/

10608.48.c(12)

Provide or Support the
Availability of Water
Management Services to
Water Users/Provide for the
availability of water
management services to water
users

10608.48.b(2)
Mandatory

Pricing Structure/Adopt a
pricing structure based at least
in part on quantity delivered

Implementing

Critical BMP
5

10608.48.c(14)

Evaluate and Improve
Efficiencies of Contractor's
Pumps/Evaluate and improve
the efficiencies of the
supplier’s pumps

Implementing

BMP 1

10608.48.c(1)

Facilitate Alternative Land
Use

10608.48.c(2)

Facilitate Use of Available
Recycled Water that
Otherwise Would Not be Used
Beneficially, Meets all Health
and Safety Criteria, and Does
not Cause Harm to Crops or
Soils

Critical BMP
2

Critical BMP
3

Critical BMP
4

BMP 2

BMP 3

10608.48.c(3)
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Implementing

Implementing

Not
Technically
Feasible

Implementing

Implementing

Implementation Activities
CRITICAL (MANDATORY) BMPs FOR AGRICULTURAL CONTRACTORS
1. All turnouts to parcels irrigating for the purpose of productive agriculture are measured to +/6% as required by the USBR 2014 Criteria for Water Management Plans.

1. Designated water conservation coordinator:
Paul Lum
Irrigation Specialist
810 Vaca Valley Parkway
Vacaville, California 95688
(707) 448 - 6847
lump@sidwater.org
2. Manage conservation activities, prepare five-year plan, and implement the Plan.
1. SID provides for the availability of water management services through mobile lab irrigation
evaluations, scientific irrigation scheduling and soil moisture monitoring conservation measures
by employing a full-time Irrigation Specialist, who is also the water conservation coordinator.
2. Additionally, SID provides a Solano weather page that includes links to CIMIS and other
agricultural weather stations in the area. SID also provides water management information on its
website and produces a periodic irrigation newsletter.

Planned Activities
1. Continue maintenance and replacement, when needed, of water measurement
devices to maintain the delivery measurement accuracy required by the 2014
Criteria for Water Management Plans.
2. Conduct a flow rate accuracy assessment study of the District’s meter gates.
1. SID will maintain an appropriate and responsible staff person in the position
of water conservation coordinator position.

1. Continue offering current services to water users.

1. The District uses a quantity-based pricing structure for all turnouts to parcels irrigating for the
1. Re-evaluate pricing rates, as needed.
purpose of productive agriculture.
2. Continue to actively identify solutions to convert flatrate customers to
2. The District commissioned a Financial Plan and Water Rate Study, completed in 2015, that
quantity-based pricing.
provides a financial plan and cost of service analysis to support the District’s future water rates.
Key objectives of the study included revenue sufficiency, fairness, and affordability among others.
1. The District maintains an active pump testing program to monitor pump performance and
1. Continue testing and periodic refurbishment or replacement of pumps and
determine repairs required to maximize pump efficiencies, minimize power consumption and
motors.
enable managers to plan preventative maintenance procedures.
2. Add any new pumps to the existing testing program.
2. The annual budget for the pump rehabilitation and maintenance is about $65,000, and the
annual budget for pump efficiency testing is $7500.
3. Baseline performance standards have been established for most of the District's pumps.
4. The District participates in the California Agricultural Pump Efficiency Program (APEP),
which manages a rebate program with PG&E for successful pump tests and pump repairs.
5. SID’s Irrigation Specialist completed an average of 39 pump tests per year between 2011 and
2015 on District pumps.
EXEMPTIBLE (CONDITIONAL) BMPs FOR AGRICULTURAL CONTRACTORS
"Lands with exceptionally high water duties or whose irrigation contributes to significant problems" are not known to exist within the SID service area. District Rules 3028, 4012,
5005 and 5011 in the rules and regulations governing the distribution of water within SID together prohibit the wasteful use of water. Additionally, facilitation of alternative land use
is beyond SID's jurisdiction.
1. Continue existing use of recycled water within SID.
1 M&I wastewater applied directly to SID irrigated lands by private arrangements between the
cities and growers.
2. Consider requests from all qualifying permitted dischargers for additional use
2. The cities within SID boundaries currently use recycled water for irrigation of city parks and
of recycled water.
landscaping.
3. SID is participating with planning efforts being performed by cities within SID boundaries to
use recycled water for irrigation of city parks and landscaping
1. Provide information to growers regarding the Environmental Quality Incentives Program
(EQIP) offered through the Natural Resources Conservation Service (NRCS) through newsletters.
2. Assist growers with soil moisture monitoring conservation measures through the AWCC.
3. Contribute a share of the water meter cost for grower’s who switch to drip/micro systems.
Growers furnish the meter and the District provides installation, and engineering for turnout
modifications, if needed.
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BMP/EWMP
Implement an incentive
pricing structure that promotes
one or more of the following
goals: (A) More efficient
water use at farm level, (B)
Conjunctive use of
groundwater, (C) Appropriate
increase of groundwater
recharge, (D) Reduction in
problem drainage, (E)
Improved management of
environmental resources, (F)
Effective management of all
water sources throughout the
year by adjusting seasonal
pricing structures based on
current conditions.
Canal Lining/Piping and
Regulatory Reservoirs to
Increase Distribution System
Flexibility and Capacity,
Decrease Maintenance, and
Reduce Seepage

Increase Flexibility in Water
Ordering By, and Delivery to,
Water Users (Within
Operational Limits)

Construct and Operate
Contractor Spill and Tailwater
Recovery Systems

Position

Implementing

Implementing

Implementing

Implementing

BMP 8

N/A

Plan to Measure Outflow

Implementing

BMP 9

10608.48.c(8)

Optimize Conjunctive Use

Implementing
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Implementation Activities
1. The District commissioned a Financial Plan and Water Rate Study, completed in 2015, that
provides a financial plan and cost of service analysis to support the District’s future water rates.
Key objectives of the study included revenue sufficiency, fairness, and affordability among others.
2. The District implemented TruePoint water delivery volume and billing software in 2010 to
allow for more flexible water rate structures.
3. SID’s volumetric charge promotes more efficient water use at the farm level and discourages
excessive drainage (goals A and D).
4. Current pricing maintains low rates for surface water relative to groundwater pumping to
promote conservation of groundwater through in lieu and direct recharge (goals B and C).
5. The available water management services, namely scientific irrigation scheduling and soil
moisture monitoring conservation measures, improve irrigation efficiency (goals A and D).

Planned Activities
1. The District will review and assess its volumetric charge over time to ensure
that identified water management objectives are being achieved.

1. Lined or pipelined 76 percent of its distribution system.
2. Between 2008 and 2014, SID resurfaced approximately 0.2 miles of lining.
3. In 2009 and 2010, SID lined 4.15 miles of the Vaughn Lateral.
4. Between 2011 and 2015, SID installed 23,000 feet of new pipeline, both replacing old, leaky
pipelines and in some cases converting existing canal to pipeline.

1. Continue to resurface lining when necessary to maintain effectiveness.
2. Install new lining as appropriate based on local cost-effectiveness.
3. Continue active maintenance and repair of improvement district pipelines.
4. Continue to evaluate and implement locally cost effective regulating
reservoirs.
5. Replace 1,000 feet of the Weyand Lateral B pipeline.
1. Continue efforts to facilitate flexible delivery service through operational and
infrastructure improvements.
2. Evaluate TCC pilot project and evaluate cost-effectiveness of expanding TCC
project.
3. Evaluate and implement additional locally cost-effective actions to improve
flexibility
4. Allow growers to order water online with water ordering software.
5. SID plans to provide customers with access to real time monitoring of
Rubicon SlipMeters and permanent FlumeGates.

1. Ongoing efforts to facilitate high frequency, low volume deliveries to customers with on-farm
sprinkler and micro irrigation system.
2. Pilot TCC project on Vaughn Canal.
3. Provides water use information to irrigators for their fields upon request, online and in an
annual report.
4. SID Watertenders monitor the distribution system in real time using tablets with information
from over 60 SCADA sites to enhance operational flexibility, including real time monitoring of
Rubicon SlipMeters and FlumeGates.
6. Intermediate system flows at several locations are monitored to better meet customer demands
and prevent operational spillage.
1. Intercepts spillage from K-2 sublateral and returns it into the Kilkenny main lateral.
2. Operates 15 pumps to recover and reuse spillage and tailwater from the drainage system.
3. Implemented real time SCADA monitoring 13 spill sites.
4. Intermediate system flows at several locations are monitored to better meet customer demands
and prevent operational spillage.
5. Operates drainage and deep wells throughout the system, providing added operational
flexibility and localized supply that enables spillage prevention.
6. SID provided Watertenders with tablets to monitor the distribution system in real time at
spillage sites and over 60 SCADA sites to enhance operational flexibility while reducing
SlipMeters and FlumeGates.
1. Eleven locations along the SCWA flood control channels that carry District spill and tailwater
outside of the District.
2. Currently the District measures outflows using four measuring weirs owned and operated by
MPWD.
1. Provide surface water at a lower cost than that of pumping groundwater.
2. Utilize 23 groundwater wells to augment surface water supplies.
3. Active participation in local groundwater entities and initiatives, including SGMA.
4. Implementation of groundwater monitoring as part of CASGEM in cooperation with SCWA,
the Solano County monitoring agency.
5. Installed a new well in 2012 to increase the District’s capacity to pump groundwater.
6. Set aside $1.5 million in funding for additional new wells.
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1. Implement the McCune project to capture spillage and tailwater from the
drains in a regulating reservoir for reuse.
2. Continue and expand monitoring at spill sites to reduce spillage and develop
representative data.
3. Continue to evaluate and implement locally cost effective improvements to
recover and prevent spillage and tailwater.
4. Consider implementation of recovery and pumpback systems, subject to
evaluation of local cost-effectiveness.
5. Continue accounting for drain pump operation and pumped volumes.
1. Continue to look for a cost effective solution for improving measurement of
drainage outflows.
2. Continue to work with other agencies including SCWA, CFW and ACE to
design and install additional measurement sites.
1. Continue active participation in local groundwater entities and initiatives,
including SGMA.
2. Continue various ongoing conjunctive management strategies and actions as
part of SID’s comprehensive conjunctive management program.
3. Continue to evaluate and implement locally cost effective actions.…..
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BMP/EWMP

Position

BMP 10

10608.48.c(9)

Automate Distribution, and/or
Drainage System Structures

Implementing

BMP 11

10608.48.c(10)

Facilitate or Promote Water
User Pump Testing and
Evaluation

Implementing

BMP 12

N/A

N/A

10608.48.c(13)
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Implementation Activities
1. Seven lateral headings remotely controlled by SCADA.
2. Ten lateral headings remotely monitored on SCADA.
3. Implementation of an extensive SCADA system to provide communication, monitoring, and
control of automated sites.
4. TCC pilot program.
1. SID facilitates and promotes customer pump testing and evaluation by providing a Pump Test
Evaluator, the SID Irrigation Specialist, trained and certified by the Agricultural Pump Efficiency
Program.
2. The SID Irrigation Specialist tests customer-owned pumps at the request of the landowner and
distributes pump reports with pump data and recommendations to the landowner.
1. SID has developed, in partnership with SCWA, a groundwater map, identifying boundaries and
underlying groundwater basins.
2. The District as developed a soils map, identifying major soil types across the district boundary.
3. The district has created a facilities map, identifying major canals.
1. SID actively evaluates the effect of supplier (Reclamation) and Solano Project policies and
operational practices and seeks policy changes to alleviate water supply constraints.

Implementing

January 2016

Planned Activities
1. SID will continue to evaluate opportunities for additional automation to
increase delivery flexibility and steadiness and to reduce operational spillage.
2. Continue to operate and maintain automatic control structures.
3. Continue real time SCADA monitoring.
4. Continue to evaluate and implement locally cost effective actions.
1. Continue current activities including employing a trained and certified Pump
Test Evaluator.

1. Expand on current facilities map, identifying major flow measurement
structures, pipelines, canal check structures, turnouts, etc. The next step is to
transition to a GIS based system.
1. Continue current activities.
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1. INTRODUCTION
This Agricultural Water Management Plan (AWMP or Plan) has been prepared by the Solano
Irrigation District (SID or District) to describe the District’s agricultural water management
activities. This section provides a description of the District’s rich history of regional water
management for nearly 70 years, a description of legislative requirements related to the contents
of the Plan, and a summary of previous water management activities. The District’s mission
statement (SID, 2016) is:
“Solano Irrigation District’s mission is to provide safe and reliable water to our farms, families,
and businesses. As stewards of our precious local water resources, we are committed to
responsible environmental and fiscal management in order to protect and ensure those resources
into the future.”
SID is an agricultural water supplier that is required to submit a Water Management Plan (WMP)
according to the Standard Criteria (Criteria) to the Bureau of Reclamation (USBR). SID
submitted its WMP accepted by the USBR in February 2010 to comply with the California
Water Code (CWC) requirement to submit an Agricultural Water Management Plan (AWMP) by
December 31, 2012 (CWC §10820). Although most USBR contractors and subcontractors are
required to submit an updated WMP every five years, the USBR delayed SID’s next submission
until 2018. However, recognizing the importance of water management planning, SID has made
significant progress in water management in recent years and has chosen to submit this 2015
AWMP in accordance with the requirements of the Water Conservation Act of 2009 (SBx7-7),
which modifies Division 6 of the California Water Code (CWC), adding Part 2.55 (commencing
with §10608), replacing Part 2.8 (commencing with §10800), and incorporating a drought
management plan satisfying requirements of Executive Order B-29-15. The Plan also considers
the Bureau of Reclamation’s 2014 Standard Criteria.
Water for irrigation is foundational to supporting agriculture, an important economic activity in
Solano County. In 2014, $380 million in agricultural commodities were produced in the
County2. Key strategies employed by SID to support overall water management objectives are
the conjunctive management of surface and groundwater supplies and water conservation.
Section 2 describes the process of preparing the Plan, including public outreach efforts. Section
3 provides a detailed background describing SID, its facilities, and the irrigation service area.
Section 4 provides an inventory of SID’s water supplies, which is followed by Section 5 with
presentation of detailed water balances for the 1991 to 2014 period. Water balances are
presented for three primary accounting centers as follows:

2

Solano County Agricultural Commissioner’s 2014 Crop Report.
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Potential climate change effects on weather and hydrology, impacts on water supplies, and
adaptation strategies are discussed in Section 6. Section 7 describes SID’s implementation of
Efficient Water Management Practices (EWMPs) and includes an evaluation of EWMP
implementation relative to SID’s water management objectives and Water Use Efficiency
(WUE) improvements in general.
1.1 SID HISTORY
The District is located in Solano County, midway between San Francisco and Sacramento. The
District was organized in 1948 under the provisions of the California Irrigation District Law for
the purpose of contracting surface water supplies from the U.S. Bureau of Reclamation’s Solano
Project. Upon formation of the District, the District and Solano County made substantial effort
to obtain authorization and congressional funding for the construction of Monticello Dam
forming Lake Berryessa, the Putah Diversion Dam, the Putah South Canal (PSC), the Terminal
Reservoir, and the District’s own water distribution network. The Solano Project was authorized
by the Secretary of the Interior on November 11, 1948 under the terms of the Reclamation
Project Act of 1939. The Solano County Flood Control and Water Conservation District, formed
in 1951 by an Act of the State Legislature to represent all the local agencies involved in water
and flood management in Solano County, entered into a contract with the U.S. Bureau of
Reclamation on behalf of the Solano Project Member Units. In 1989, the name of the Solano
County Flood Control and Water Conservation District was changed to the Solano County Water
Agency (SCWA). The Solano Project was completed approximately six years after construction
began, and the first Solano Project water was delivered in the spring of 1959. The Solano Project
consists of Lake Berryessa, Monticello Dam, Putah Diversion Dam on Putah Creek, Putah South
Canal (PSC), Terminal Reservoir, and the conveyance facilities that deliver surface water to the
Project member units. By the spring of 1963, the District’s distribution system was complete and
water was available to the lands within the District’s boundaries. The average annual deliveries
from the Solano Project are approximately 200,000 acre-feet, of which the District receives
approximately 141,000 acre-feet.
The Solano County Flood Control and Water Conservation District entered into a Master
Contract with the U.S. Bureau of Reclamation (USBR) for water service and for the operation
and maintenance of certain works of the Solano Project on March 7, 1955. The District entered
into a contract for water service on June 28, 1955.
The SID Board and management recognize that continued assessment and update of the
District’s policies, procedures and facilities is needed. As a result, SID has initiated and
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completed several foundational efforts to support long term infrastructure planning and water
management. These efforts include the following:














Solano Irrigation District Groundwater Resources Report prepared in 1988 and annual
updates on groundwater levels and quality.
Solano Irrigation District Water Management Plan accepted as adequate by the USBR in
February 2010 and accepted as the District’s 2012 AWMP by Department of Water
Resources (DWR).
Annual Water Management Plan updates submitted to the USBR.
Capital Replacement Charge (CRC) Financial Plan in 2014, for M&I customers, to
provide a funding plan to replace facilities before they fail.
Strategic Plan in 2014, providing a roadmap for the District to respond to current and
future challenges. The plan consists of Board-approved two tier program and strategy
statement. Additionally, the plan re-confirmed the District’s mission statement and
established District Vision and Values statements.
Financial Plan and Water Rate Study in 2015, providing a financial plan and cost of
service analysis to support the District’s future water rates. Key objectives of the study
included revenue sufficiency, fairness, and affordability among others.
System Optimization Review Report in 2015, providing information on the best, most
cost-effective practices to implement to improve the project efficiency and customer
service;
Water Supply Shortage Risk Assessment in 2015, providing information on projected
future SID agricultural water demands.
1991 – 2014 Water Balance Description and Results in 2015, providing information on
the sources, uses and disposition of surface and groundwater in the District along with
losses and performance indices.

1.2 REQUIREMENTS OF SBX7-7
The Water Conservation Bill of 2009 (SBx7-7 or Bill) amends the California Water Code
(CWC) Division 6 with regards to agricultural and urban water management by adding Part 2.55
(commencing with §10608) and replacing Part 2.8 (commencing with §10800). In particular,
SBx7-7 requires all agricultural water suppliers to prepare and adopt an AWMP as set forth in
the Bill on or before December 31, 2012. The plan must be updated by December 31, 2015 and
then every 5 years thereafter (§10820 (a)).
Additionally, the Bill requires suppliers to implement certain efficient water management
practices (EWMPs). Specifically, under §10608.48 of the CWC, all agricultural water suppliers
are required to implement the following “critical” (i.e., mandatory) EWMPs:
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(1) Measure the volume of water delivered to customers with sufficient accuracy to comply
with subdivision (a) of §531.10.
(2) Adopt a pricing structure for water customers based at least in part on quantity delivered.
Further, suppliers are required to implement the following “additional” (i.e., conditional)
EWMPs, if they are locally cost effective and technically feasible:
(1) Facilitate alternative land use for lands with exceptionally high water duties or whose
irrigation contributes to significant problems, including drainage.
(2) Facilitate use of available recycled water that otherwise would not be used beneficially,
meets all health and safety criteria, and does not harm crops or soils.
(3) Facilitate financing of capital improvements for on-farm irrigation systems.
(4) Implement an incentive pricing structure that promotes one or more of the following
goals:
(A) More efficient water use at the farm level.
(B) Conjunctive use of groundwater.
(C) Appropriate increase of groundwater recharge.
(D) Reduction in problem drainage.
(E) Improved management of environmental resources.
(F) Effective management of all water sources throughout the year by adjusting
seasonal pricing structures based on current conditions.
(5) Expand or pipe distribution systems, and construct regulatory reservoirs to increase
distribution system flexibility and capacity, decrease maintenance, and reduce spillage.
(6) Increase flexibility in water ordering by, and delivery to, water customers within
operational limits.
(7) Construct and operate supplier spill and tailwater recovery systems.
(8) Increase planned conjunctive use of surface water and groundwater within the supplier
service area.
(9) Automate canal structures.
(10) Facilitate or promote customer pump testing and evaluation.
(11) Designate a water conservation coordinator who will develop and implement the water
management plan and prepare progress reports.
(12) Provide for the availability of water management services to water users. These
services may include, but are not limited to, all of the following:
(A) On-farm irrigation and drainage system evaluations.
(B) Normal year and real-time irrigation scheduling and crop evapotranspiration
information.
(C) Surface water, groundwater, and drainage water quantity and quality data.
(D) Agricultural water management educational programs and materials for farmers,
staff, and the public.
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(13) Evaluate the policies of agencies that provide the supplier with water to identify the
potential for institutional changes to allow more flexible water deliveries and storage.
(14) Evaluate and improve the efficiencies of the supplier’s pumps.
Agricultural water suppliers not in compliance with the Bill are not eligible for state water grants
or loans.
A compliance checklist has been prepared that provides cross reference of Sections in this
AWMP to applicable sections in the CWC to ensure compliance. This is included at the
beginning of the Plan following the resolution of adoption, just before the executive summary.
1.3 OTHER WATER MANAGEMENT ACTIVITIES
SID is involved in a variety of other water management activities at local, regional, and state
levels. These activities include the following:
Solano County Water Agency (SCWA) (www.scwa2.com) Agricultural Water
Conservation Committee. The Agricultural Water Conservation Committee assists growers in
Solano County with irrigation management and water use efficiency at the farm level. SID
provides a representative to participate in the Committee activities together with representatives
from the Solano County Water Agency, Maine Prairie Water District, Reclamation District 2068,
Dixon Resource Conservation District, Solano Resource Conservation District, U.C. Cooperative
Extension, and the Natural Resources Conservation Service.
Lower Putah Creek Coordinating Committee (http://www.putahcreek.org/). The Lower
Putah Creek Coordinating Committee (LPCCC) was established in 2000 by a settlement
agreement (Accord) to provide water in lower Putah Creek sufficient for fish, wildlife, and
human needs. The LPCCC serves as the watershed group joining several primary stakeholders
together to oversee implementation of the Accord and to plan for the protection and enhancement
of Putah Creek’s resources. The members include a riparian landowner, the cities of Davis,
Fairfield, Suisun City, Vacaville, Vallejo, and Winters; counties of Solano and Yolo; Maine
Prairie Water District; Putah Creek Council; Solano County Water Agency; Solano Irrigation
District; and the University of California, Davis.
Strive for 25 Urban Water Conservation. SID, in response to the emergency drought
regulations adopted by the State Water Resources Control Board in April 2015, developed the
Strive for 25 Urban Water Conservation campaign to reduce potable water consumption by 25%.
The major component of the campaign is the implementation of Potable Water Conservation
Measures for 2015 found at: http://www.sidwater.org/DocumentCenter/View/806. In addition
to the adopted measures, SID has setup a dedicated webpage, with valuable information about
water conservation. A dedicated hotline for water conservation concerns has also been
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established. An online Water Conservation Concern form can also be filled out by those with
water conservation concerns.
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2. PLAN PREPARATION
2.1 AWMP PREPARATION
As described previously, this AWMP has been prepared in accordance with SBx7-7.
2.2 PUBLIC PARTICIPATION
Public participation in the development of this Plan included:









Notification of the County of Solano, the City of Benicia, City of Dixon, City of
Fairfield, the City of Suisun City, the City of Vacaville, and the City of Vallejo of SID’s
intent to prepare an AWMP on December 16, 2015;
Publication in the Vacaville Reporter on January 25, 2016 and February 1, 2016 of the
time and place of a hearing to review the draft Plan;
Posting of the draft Plan on the District’s web page on January 25, 2016, including
instructions for reviewers to submit comments;
Posting of the draft AWMP for public review on January 25, 2016;
Review of the publicly noticed presentation of the draft Plan at a regularly scheduled
Board of Directors meeting on February 16, 2016;
Adoption of the final AWMP at a regularly scheduled Board of Directors meeting on
February 16, 2016; and
Provision of copies of the adopted AWMP to the following parties within 30 days of
adoption:
o Cities of Benicia, Dixon, Fairfield, Suisun City, Vacaville, and Vallejo
o County of Solano
o Solano County Library
o Local Agency Formation Commission (LAFCO) of Solano County
o California Department of Water Resources
o California State Library

The public is invited to attend all Board meetings with time reserved on each agenda for public
comments. The Board members are accessible to the public. The District has a web site
(www.sidwater.org) where the agendas of all Board meetings are published along with the most
recent Board minutes, newsletters and other important information. Comments can be submitted
via e-mail. The District also periodically utilizes a Twitter account (@We_Are_SID) to make
information available to the public using social media.
The District distributes a newsletter periodically to publicize important issues. The District
maintains an open exchange of information with local newspapers and issues press releases on
matters of importance to the public. The District also relies on its frontline staff (namely
Watertenders) to keep customers informed of the latest water management information.
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2.3 REGIONAL COORDINATION
The District is the predominant surface water supplier within Solano County and as such does
not plan to develop a regional AWMP at this time to differences in the institutional, physical, and
operational characteristics of neighboring, much smaller, agricultural districts and agencies. The
District does coordinate the operation and maintenance of the Solano Project cooperatively with
SCWA and coordinates with neighboring agencies, as appropriate. The SCWA and SID have
worked cooperatively and adaptively for nearly 70 years on myriad water management initiatives
and programs of local, regional and statewide importance, and intend to continue this
relationship into the foreseeable future.
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3. BACKGROUND AND DESCRIPTION OF SERVICE AREA
3.1 FORMATION
In 1940, the Solano County Board of Supervisors organized the Solano County Water Council.
The purpose of the water council was to study the areas of greatest water need and promote
general water development in Solano County. Eight years later, in 1948, the Solano Irrigation
District was founded with a mission to secure irrigation water from the newly proposed Solano
Water Project. The District was formed in 1948 based on boundaries proposed by the Solano
County supervisors and approved by the State. Farmers within the proposed boundaries voted
overwhelming (by an 11 to 1 margin) to form the Solano Irrigation District (SID). A description
of the history of the development of the District’s surface water supply is provided in Section 4:
Inventory of Water Supplies.
3.2 DISTRICT ORGANIZATION
SID is the largest special district in Solano County and was formed under the Water Code of the
State of California as an irrigation district. The District is governed by a Board of Directors,
consisting of five (5) voter elected Directors representing five sub-divisions of the District on
four-year overlapping terms.
SID is a special purpose district with broad authority to levy and collect water delivery fees for
irrigation water service and Municipal and Industrial (M&I) water service within its boundaries.
The District is also authorized to construct and operate drainage facilities and to distribute
hydroelectric power.
The District provides up to about 152,000 acre-feet of irrigation water annually from the
District’s Solano Project entitlement (including water from the District’s voluntary carryover
account when available) to over 59,000 acres of irrigable land. The District also supplies bulk,
untreated water, for a residential population of more than 300,000, including the cities of
Benicia, Vacaville, Fairfield and Vallejo. SID through a Joint Exercise of Power Authority with
the City of Suisun City, known as the Suisun-Solano Water Authority (SSWA), treats and
delivers drinking water to commercial, industrial and residential customers in the City of Suisun
City.
The District provides water service to more than 2,530 customers, including 1,330 agricultural
water customers and 1,200 M&I water customers. Water is delivered through a system of canals,
pipelines, wells, and tailwater and reclamation pumps. The District’s water supply comes
primarily from Lake Berryessa through the Solano Project. In the Solano Project water year
ending February 28, 2015 (Solano Project water years run from March 1 through the last day of
February), approximately 91 percent of the water was sold for agricultural purposes and nine
percent to M&I customers.
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The Board of Directors sets all policy for the District, approves the annual budget, and appoints
the Secretary/Manager (General Manager), who serves at the pleasure of the Board. The General
Manager is responsible for the day-to-day operations of the District, which is organized into four
departments and has 81 employees. These employees provide an array of technical and support
functions for the District and its customers. The District typically operates on an annual budget
of about $7 million.
3.3 SIZE AND LOCATION OF SERVICE AREA (§10826.A(1 AND 2))

Figure 3-1. Location of SID.

The District is located in Solano County, northeast
of San Francisco and southwest of Sacramento,
extending from Fairfield in the southwest to the
Davis-Dixon area in the northeast and encompasses
the cities of Dixon, Vacaville, City of Suisun City
and Fairfield (Figure 3-1). The majority of the
irrigated lands are located from east of Vacaville to
Dixon. The service area extends into several small
valleys between Fairfield and Vacaville, the three
largest being Green Valley, Vaca Valley, and
Suisun Valley. Lake Berryessa Reservoir, SID’s
primary source of supply, is located in Napa
County. Maine Prairie Water District (MPWD) lies
to the southeast, the Sacramento and San Joaquin
Delta lies to the south, the Vaca Mountains lie to
the west, and the Yolo County Flood Control and
Water Conservation District lies to the north. The
District encompasses 71,000 gross acres, of which
approximately 42,000 acres were irrigated in 2014.

3.4 DISTRIBUTION SYSTEM
Lake Berryessa, created by Monticello Dam and the primary source of water supply for the
District, stores 1.6 million acre feet of water and is located northwest of the SID service area.
Lake Berryessa and the Solano Project are owned by the Bureau of Reclamation and operated
under a cooperative agreement by the Solano County Water Agency/Solano Irrigation District.
Along with high-quality water for irrigation and M&I for SID customers, the dam and reservoir
provide flood control protection to the city of Winters and other downstream communities. At
capacity, Lake Berryessa is one of the largest bodies of fresh water in California. At 23 miles
long, 3 miles wide, with 165 miles of shoreline, the lake offers myriad of recreation opportunities
briefly described in section 5.
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On Putah Creek, approximately 6 miles below Monticello Dam, the Putah Diversion Dam was
built to divert water into Putah South Canal (PSC). The dam creates Lake Solano, which is
about 1.5 miles long with a capacity of 750 acre-feet. Lake Solano is operated in coordination
with Lake Berryessa to maintain a specific PSC flow rate, Putah Creek Riparian flows, and to
meet power generation requirements.
SID diverts water from Lake Solano at the Putah
Diversion Dam into the PSC on the south side of
Putah Creek. The PSC was constructed by the
USBR and is operated by SID under contract
with the SCWA (Figure 3-2). The PSC is the
main canal that serves SID’s irrigated area and
provides M&I deliveries to the cities of
Vacaville, Fairfield, Benicia, City of Suisun City
and Vallejo and various smaller developments.
The PSC runs generally south and is
approximately 33 miles in length.

Figure 3-2. PSC Canal.

The PSC supplies about 60 total lateral headings and turnouts and is capable of handling flow
rates up to 956 cfs. The District delivers water through 272 miles of canals and laterals to about
42,000 irrigated acres within a total service area of 71,000 acres. The canals and laterals include
88 miles of unlined canals, 15 miles of lined canals, and 169 miles of pipelines. An additional
97 miles of pipeline serve urban areas for a total of 370 miles of distribution system the District
operates and maintains. A portion of District lands served in upper Vaca Valley, Suisun Valley,
and Green Valley are at an elevation greater than the Putah South Canal and are served with
pump lift systems.
Table 3-1. Canal and Pipeline Lengths in the SID Distribution System
Length,
Type
miles
Percent
Canal - Unlined
89
24%
Canal - Lined
15
4%
Pipe
169
46%
Agricultural subtotal:
272
74%
Pipelines serving
developments
97
26%
Total
369
100%
Total Lined or pipelined
281
76%
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Figure 3-3. Vaughn Canal Heading

To improve lateral heading delivery steadiness
and to enhance the flexibility with which flow
changes can be made SID installed Rubicon
Water SlipMeters® and FlumeGates® at five
headings, including the Vaughn Canal Heading
(Figure 3-3). These gates are set in flow
control mode to maintain a constant flow into
the lateral. The automated gates were installed
at select lateral headings to improve delivery
service. The technologically advanced gates
are integrated into the District’s Supervisory
Control and Data Acquisition (SCADA)
system (Figure 3-4) and provide real-time

monitoring and remote control.

Figure 3-4. SID SCADA System Overview Screen.

With improved control of lateral system inflows, SID has concentrated recent efforts more
heavily on the lateral distribution systems. Most notable is the Total Channel Control (TCC)
Pilot Project with construction initiated in late 2015 on the Vaughn Main Canal. The objective of
TCC project is to provide the flow required to maintain service levels downstream; i.e. provide
the customers the flow rate they require at the time they require it for the duration they require it,
without spilling water from the system. This is achieved through precise regulation of the
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system through the use of two main forms of reactive control action; feedback and feedforward.
Feedback in a TCC canal system is where the canal level is used to make corrective control
actions. Feedforward is where the flows into and out of the pools are used to directly change the
current control action. In summary, feedback is used to correct measured deviations in canal
level and the measured flows into and out of the pool (at checks, turnouts and pumps) are used as
feedforward to quickly correct for changes in flow.
In Phase 1, six automated checks and 18 automated turnouts will be installed on the Vaughn
Canal. Flows from three deep wells and 13 pumps will also be monitored as part of Phase 1.
Current plans for Phase 2 of the project include offering on-line ordering to customers. The
project is the first fully automated reach in the District’s distribution system and incorporates
state-of-the-art technologies and water management features.
Six creeks enter the District from the west.
Drainage, primarily through 52 miles of unlined
and unregulated drainage channels, generally
flows easterly to the Sacramento River or
southerly to the Delta.
Sweeney Creek
generally runs west to east, and McCune Creek
runs from the northwest to southeast, until they
come together near the SID service area
boundary east of Vacaville. Together the two
creeks carry about 60 percent of the drain flows
leaving SID (Figure 3-5).
Figure 3-5. Confluence of Sweeney and
McCune Creeks

During the irrigation season, tail-water runoff
from farm fields and operational spills enter
these channels. SID has installed 15 pumps at various locations that recover drain water back
into the distribution system to augment water supply and to improve service through increased
flexibility. Much of the drainage water that is not recovered within the District travels eastward,
is used by the Maine Prairie Water District, and any flows not recaptured eventually discharge
into tributaries of the Sacramento River system. SID has plans to construct various outflow
recovery projects at the confluences of drainage pathways to recover surface water and
redistribute within the District’s boundaries. The District will be constructing the first of the
planned recovery projects in the spring of 2016 at the point where the Sweeney and McCune
Creeks come together just upstream of where they leave the District. The project has the
potential to recover more than 10,000 acre-feet of surface outflows.
SID has no responsibility for managing storm water. SCWA is responsible for managing storm
water in rural areas; and the cities are responsible for managing storm water within city limits.
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SID owns and operates 23 groundwater production wells predominately located in the western
half of the District. The wells are operated for control of the high groundwater table that exists
in this portion of the District and to provide supplemental water supply. A map of the District’s
water management facilities is provided in Figure 3-6. In addition to providing water for
irrigation, SID also provides water for nine small potable water systems and six nonpotable
water systems. The usage and management of these deliveries is discussed in various Urban
Water Management Plans.
The District is currently divided into six operational divisions. Within divisions, actual field
operations are executed by Watertenders. SID currently employs a total of 12 Watertenders to
cover the day shift from 6:00 am to 5:30 pm. Each Watertender is on for seven days from
Monday through Sunday then off for the next seven days.
Based on the District’s TrueCanal electronic delivery tracking data for 2015 (described in greater
detail below), irrigated parcels range in size from 0.25 to 893 acres. Division size ranges
between 3,700 acres and 8,400 acres and averages 6,000 acres. The number of parcels per
division ranges between 83 and 217 and averages 119. Average parcel sizes by division range
from 24 to 84 acres. The divisions have been delineated to achieve uniform division of
workloads among Watertenders. In all cases, divisions are organized so that Watertenders have
control of their water from the main lateral heading to the tail of their respective laterals. The
season begins typically in mid-March to early April and continues until Mid-October/Early
November, depending on water availability, precipitation, and crop demand (ETo). .
In 2000, SID implemented H2OPro to track irrigated area and land area. As part of the
modernization process, SID transitioned to the TrueCanal data management and recording
software program in 2010 to better track water use by individual customer delivery and to
support reporting of aggregated water deliveries and volumetric billing. The water tenders take
orders by phone or in person from customers and enter water orders on tablets (Figure 3-7). The
water tenders also enter records of deliveries in TrueCanal. Depending on the delivery
measurement method, the water tenders may enter a totalized volume or they may enter a head
difference and gate opening from which flow rate is calculated and start and stop times
(duration) from which the volume of water delivered is then determined. The data are
continuously updated to District servers. Each delivery record also includes attributes such as
Assessor’s Parcel Number (APN), landowner name, crop, acres, lateral (i.e. delivery point), and
irrigation method (e.g. flood, sprinkler, drip, micro). The TrueCanal software calculates delivery
event duration, delivery volume, and applied water depth based on the Watertender’s inputs. The
TrueCanal water ordering and tracking system is discussed further in Section 3.9.
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Figure 3-6. District’s Water Management Facilities.
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Figure 3-7. TrueCanal Water Order Entry Screen.

The majority of the SID agricultural deliveries are scheduled. The Watertender takes an order,
usually either in person or by phone, and schedules the delivery for the next day. Orders and
turn off requests for the next day must be in on the preceding day by 2:00 pm and 2:30 pm,
respectively. Additionally, the irrigator is required to notify the Watertender four hours prior to
any change in or termination of an irrigation event. In some cases, the Watertender may require
the water user to notify the next water user when to expect the water. When pipelines and canals
are at capacity, customers are placed on a stand-by list and will receive their water as it becomes
available.
The District has a few agricultural pipelines that have large capacity with low volume users.
These areas are typically operated as on-demand systems. The District includes rural ranch
parcels that are served from agricultural canals and pipelines. Typically these parcels are
between 2.5 and 10 acres, irrigating landscaping or gardens for self-consumption and are served
on a rotational irrigation schedule. At the beginning of every irrigation season, the Operations
Department sends cards to these customers inquiring about their plans for irrigating. Based on
the response, the District will assign each parcel one or two irrigation day(s) per week to be used
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for the entire season. On a case-by-case basis, these parcels can call into the District office and
schedule additional irrigation times.
As the amount of pressurized irrigation has increased, it has become increasingly difficult to
provide the desired flexibility to support sprinkler- and micro-irrigation deliveries while
maintaining existing levels of service to surface irrigation practices without system
modernization. In response, SID has and continues to modernize its distribution system and to
update operational procedures to provide increased flexibility and continued equity to its
customers. Conjunctive use of water through installation of private groundwater wells and
operation of SID wells is increasing in SID. Advantages of private wells to growers include
greater flexibility in providing water for frost protection, chemigation, and fertigation and to
better align irrigations with crop water demands, field activities, and harvest.
Per the District’s Rules and Regulations and adopted Agricultural Water Allocation Policy,
growers are required to notify the District of their planned water needs (crop(s), acreage, etc.) by
February 15 each year for fields that they plan to irrigate so that SID can develop a crop report
and establish a District water budget and subsequent water allocation.
System operational flows are determined from flow measurement sensors or rated gates at each
of the lateral headings and relayed back using telemetry. All this information is tracked using
the District’s SCADA system. Monitoring devices installed along the PSC, within the Divisions
and at spill sites allow the Watertenders and controllers the ability to regulate daily water use and
to provide Staff with helpful management information.
3.5 TERRAIN AND SOILS (§10826.A(3))
The majority of District lands lie to the east of the Vaca Mountains in the triangular area between
the cities of Winters, Vacaville, and Dixon. This area consists of a broad gently sloping plain of
old alluvial material with a southeasterly gradient of approximately six feet per mile. West of
the Sacramento Valley area, the District lands extend into smaller more recent alluvial valleys
near Fairfield, namely the Vaca Valley, Suisun Valley, and Green Valley. These valleys extend
northerly into the foothills of the Vaca Mountains.
Based on the Natural Resources Conservation Service (NRCS) soil survey for Solano County
(SSURGO, 2015), the dominant soils within the SID service area are Capay Silty Clay Loam and
Yolo Silty Clay Loam each representing approximately 16 percent of the SID service area.
Other common soils within the SID service area include San Ysidro Sandy Loam (14% of area),
Brentwood Clay Loam (9% of area), Sycamore Silty Clay Loam (8% of area), and Yolo loam
(6% of area). Characteristics of these soils are summarized in Table 3-2. The distribution of
dominant soils (e.g. “map units”) in SID is shown in Figure 3-8.
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Table 3-2. Characteristics of Dominant Soils in the SID Service Area.
Soil Map Percent
Slope
Parent
Available Water
Restrictive Depth to
Unit
of Area Landform(s) Range
Material
Holding Capacity Drainage
Layer
Water Table
Typical Profile
alluvium
Capay
high, 9 to 11
0 - 40 inches
clay
alluvial fans 0 to 9
greater than
moderately
from
Silty Clay
16%
inches in top 5
none
and flats
percent sandstone
well drained
5 feet
40 - 60 inches clay loam
Loam
feet
and shale
silty clay
0 - 28 inches
alluvium
loam
high, 9 to 11
Yolo Silty
0 to 1
from
greater than
16% alluvial fans
inches in top 5 well drained
none
28 - 36 inches clay loam
Clay Loam
percent sedimentary
5 feet
feet
rocks
36 - 60 inches loam
San Ysidro
Sandy
Loam
Brentwood
Clay Loam
Sycamore
Silty Clay
Loam
Yolo
Loam

14%

9%

8%

6%
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old, low
terraces

0 to 9
percent

alluvial fans

0 to 2
percent

flood plains

nearly
level

alluvial fans

0 to 1
percent

alluvium
deep
from
low, 3 to 5 inches
moderately
sedimentary
in top 5 feet
well drained
rocks

none

greater than
5 feet

0 - 19 inches

loam

19 - 60 inches

clay

mixed
alluvium

high, 11 inches in
top 5 feet

well to
moderately
well drained
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Figure 3-8. The Distribution of Dominant Soils in SID.
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3.6 CLIMATE (§10826.A(4))
The climate statistics presented in this section are based on the California Irrigation Management
Information System (CIMIS) agronomic weather station at Davis (#006), established in 1987.
This station is near the eastern part of the service area and was also used for developing the crop
coefficients used for the water balance analysis presented in Section 5.
SID has a climate typical of the Central Valley of California with mild winters with moderate
precipitation and warm, dry summers. Average daily maximum temperatures range from a low
of about 55°F in December and January to a high of 91°F in July (Table 3-3). Mean daily
minimum temperatures range from a low of 38°F in December and January to a high of about
57°F in July. Average annual reference evapotranspiration (ETo) is approximately 57 inches,
ranging from a low of approximately one inch in December and January to a high of
approximately eight inches in July. Approximately three quarters of the annual ETo occurs in the
six-month period from April through September.
Average annual precipitation is 17.7 inches, with 14.7 inches, or approximately 80 percent,
occurring in the five month period from November through March.
Table 3-3. Mean Daily Weather Parameters by Month at Davis CIMIS Station
(1991 through 2014)

Month
January

Total
ETo (in)
1.3

Total
Precip.
(in)
3.3

February

1.9

3.7

Average
45.7

Min.
37.7

Max.
55.1

Average
78.7

Min.
65.2

Max.
94.8

Average
Wind
Speed
(mi/hr)
5.4

49.8

40.5

60.1

75.7

57.7

94.5

5.9

Daily Temperature (F)

Relative Humidity (%)

March

3.5

2.5

53.9

42.8

66.0

70.7

47.2

91.8

6.1

April

5.1

1.1

58.2

45.1

71.5

63.8

37.1

86.9

6.6

May

7.0

0.6

64.8

50.5

79.7

60.4

32.7

84.0

6.5

June

8.1

0.2

70.3

54.8

86.2

58.5

30.3

82.3

6.6

July

8.4

0.0

73.0

56.7

91.0

60.6

29.4

84.2

5.7

August

7.6

0.0

72.0

55.5

90.5

60.1

27.7

85.0

5.4

September

6.1

0.1

69.8

53.8

87.8

56.6

26.7

80.2

5.2

October

4.3

0.7

62.3

48.7

77.5

57.8

32.5

78.1

5.5

November

2.1

1.7

52.4

42.1

64.2

70.1

49.9

89.0

5.2

December

1.3

3.7

45.6

37.5

54.8

77.5

62.7

93.8

5.8

Total

56.8

17.7

59.8

47.1

73.7

65.9

41.6

87.1

5.8

Even during the peak summer period, the average maximum relative humidity reaches over 80
percent, which is indicative of an irrigated area, and exceeds 90 percent between December and
March. Minimum relative humidity ranges between approximately 30 percent during August
and September and roughly 65 percent during the wet winter months.
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Average wind speed is lowest in September and November (5.2 miles per hour) and highest in
March through June (6.1 to 6.6 miles per hour).
There are slightly different microclimates located throughout the District. Temperatures are
typically cooler in Green Valley and Suisun Valley during the summer months but increased
winds in these areas create a comparable evapotranspiration rate as those District lands located
easterly of the Vaca Mountains in the Vacaville and Dixon areas. Precipitation also varies
significantly from Green Valley to the Davis area, which influences annual effective
precipitation and irrigation demand.
3.7 NATURAL AND CULTURAL RESOURCES
Natural and cultural resources with SID consist mainly of the numerous creeks, arroyos and
flood control channels, which have been constructed or naturally carry surface runoff and
drainage from the Vaca Mountains, English Hills and District land southeasterly to the
Sacramento River sloughs. These streams, arroyos and channels and the natural corridors they
comprise have been estimated to cover about 500 acres. Three golf courses (Cypress Lakes,
Paradise Valley and Green Valley) are also located within the District boundaries.
3.8 OPERATING RULES AND REGULATIONS (§10826.A(5))
The District maintains Rules and Regulations for control of system facilities, employee conduct,
apportionment of water, delivery of water, time limits, continuous use of water, water control,
waste of water, access to land, breaks, use of rights-of-way, unlawful acts, and enforcement and
modification of rules. The intention of the rules and regulations is summarized as follows:
“These Rules and Regulations Governing the Operation and Distribution of Irrigation Water
within the Solano Irrigation District are established pursuant to California Water Code Section
22257 which states that, “each District shall establish rules for the distribution and use of water,
which shall be printed in convenient form for distribution in the district.” Solano Irrigation
District has established these rules to ensure equitable, economical, and efficient distribution,
use, and conservation of water resources available to the District. The Solano Irrigation District
is dedicated to and will strive for the orderly and timely delivery of those water resources
through every effort possible within the physical and operational constraints of the distribution
facilities and operators. The District is committed to excellence in resource management and all
aspects of operation.” (SID 2012)
The District “Rules and Regulations for Governing the Distribution of Water in the Solano
Irrigation District” were reviewed and revised to address changing conditions in 2012. The rules
and regulations prescribe conditions that ensure distribution of irrigation water to users in an
orderly, efficient and equitable manner; they are available to water users and the public. The
existing rules are attached to this AWMP for convenient reference (Attachment A).

Public Review Draft

3-13

January 2016

2015 SID
AGRICULTURAL WATER
MANAGEMENT PLAN

SOLANO IRRIGATION DISTRICT
BACKGROUND AND DESCRIPTION OF SERVICE AREA

The District recently adopted an Agricultural Water Allocation Policy and will be making
necessary revisions to the Rules and Regulations in 2016 to reflect and be consistent with the
provisions of the new policy.
3.9 WATER DELIVERY MEASUREMENT AND CALCULATION (§10826.A(6))
In recent years, SID has made substantial efforts to improve flow measurement to support
efficient management of the District’s water resources and planning. The general approach to
improving water measurement within SID has been to focus efforts on the improved
measurement of inflows and outflows at the District boundaries (where needed), and to progress
inward with upstream to downstream priority. This approach enabled development of a Districtwide water balance and increasingly supports development of water balances for subdivisions of
the District. The following paragraphs describe system and boundary flows and then delivery
measurement.
SID has continued to improve system inflow measurements off the PSC into District canals and
laterals. Recent improvements have focused on installing Rubicon slip gates to provide
improved delivery steadiness and flow measurement. These gates are laboratory certified to
measure flow volume within 2 percent.
With regards to boundary outflows, SID has
focused on spillage measurements to provide a
basis for making delivery system improvements.
The District has installed measurement structures
on the 32 spillage sites with spillage during the
irrigation season. Fifteen of these sites are
monitored continuously on the SCADA system
(see the SCADA system overview, Figure 3-4).
The remaining 24 spillage sites that are not
measured are estimated to have no spillage during
the irrigation season or use data loggers to capture
flows and are reviewed annually.
Figure 3-9. Example of a Meter Gate in SID.

SID is implementing the delivery measurement
EWMP to comply with the agricultural water delivery measurement regulation as described in
the California Code of Regulations Title 23 Division 2 Chapter 5.1 Article 2 Section 597 (23
CCR §597) in Attachment B. SID delivers water for production agricultural through about 1,240
turnouts (Table 3-4). Totalizing meters are installed at 781, or 63 percent, of these deliveries
with the remaining 459, or 37 percent, measured by flow through meter gates (Figure 3-9). SID
also delivers water to an additional 553 flat rate accounts that are irrigating landscaping or
gardens for self-consumption, mostly on parcels less than 5 acres in size.
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Magnetic
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Table 3-4. Turnouts by Meter Type.
Percent of
Accuracy Source
Quantity meters
612
147
22
781

78% +/- 2%
19% +/- 2%
3% +/- 1%
63%

459
459
1240

100% +/- 5%
37%

Figure 3-10. Example of a Propeller Meter.

Water Specialties (2015)
Hersey MVR (2015)
Seametrics AG2000 (2015)

ITRC (2015)

Seventy-eight percent of the totalizing meters are
propeller meters (Figure 3-10). These meters are
laboratory certified by the manufacturer to be
accurate within plus or minus two percent of the
actual value. Nineteen percent of the totalizing
meters are turbine meters (Figure 3-11) that the
manufacturer certifies in the laboratory to be
accurate within plus or minus two percent. The
remaining three percent of the totalizing meters are
magnetic flow meters, laboratory certified to be
within plus or minus one percent. SID is replacing
propeller and turbine meters with magnetic meters

where practical over time.
The 553 flat rate meter types are individual low
volume users on a few delivery pipelines. These areas
total approximately 2,100 acres, are typically
operated as on-demand systems and are rural ranch
parcels that are served from agricultural canals and
pipelines. These parcels average 3.8 acres and range
from 1.0 to 10 acres, irrigating landscaping or
gardens for self-consumption and are served on a
rotational irrigation schedule. These parcels are not
subject to the regulation according to DWR’s
response to comments on the regulation3.

Figure 3-11. Example of a Turbine Meter.

3.10 WATER RATE SCHEDULES AND BILLING (§10826.A(7))
Beginning with SID’s first deliveries in 1959, SID has billed for irrigation deliveries on a
volumetric basis. Agricultural water rates for 2015 are summarized in Table 3-5.
3

Based on DWR’s Final Statement of Reasons dated 5/31/12, response number G24.
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Table 3-5. 2015 Water Rates.
Agricultural Service
2015 Rates
Ag Water – Gravity ($/AF)
$27.07
Ag Water – Lifted ($/AF)
$45.11
Deepwell ($/AF)
$67.88
Stockwater (to 30 head) ($/yr)
$54.15
Stockwater (> 30 head) ($/yr)
$67.68
Rotational Delivery – Gravity ($/acre)
$86.64
Rotational Delivery – Lifted ($/acre)
$144.37
Lifted Lambert Lateral ($/AF)
$48.11

3.11 WATER SHORTAGE ALLOCATION POLICIES AND CONTINGENCY PLAN
(§10826.A(8))
For a detailed explanation of SID’s operational management strategies during water short years,
refer to the Drought Management Plan (Appendix C), which discusses the 2012 through 2015
drought. This section provides a broad overview of the District’s water shortage allocation
policies.
SID recognizes that there may be times when available surface water supplies are insufficient to
meet the water demands of the crops grown. SID adopted a special set of rules in 1999, outlined
in the ‘Solano Project Members’ Agreement as to Drought Measures and Water Allocation,’
(herein referred to as ‘Agreement’) to be implemented in times of surface water shortage. The
Agreement is intended to maintain equitable service even in the event of a water shortage for all
stakeholders. SID surface water supply depends primarily on available storage in Lake
Berryessa, as stipulated in the Agreement. In cases where water shortage is declared, restricted
entitlements will be implemented for water suppliers.
The District recently adopted an agricultural water allocation policy, which will give the Board
of Directors the authority to set grower water allocations determined on a year-to-year basis.
Allocations will be determined prior to each irrigation season based on the amount of available
surface and groundwater supplies and total irrigated area. Each customer’s allocation will be
determined based on irrigated acreage under the customer’s management. The allocation will be
established in March of each year, beginning in 2016.
3.12

POLICIES ADDRESSING WASTEFUL USE OF WATER

SID actively prohibits the wasteful use of water, as described throughout its Rules and
Regulations. Enforcement actions include withholding water for willful wasteful use. The
District’s policies regarding unauthorized uses of water and enforcement are described in detail
in the Rules and Regulations (Attachment A).
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Refer to the following rules related to prohibitions on wasteful use of water: 3028, 4009, 4012,
5005, and 5011. Enforcement actions include withholding water for willful wasteful use (see
4012).
The cited rules above may not be exhaustive. The complete SID Rules and Regulations are
included in Attachment A.
3.13

POLICIES OF REGULATORY AGENCIES AFFECTING CONTRACTOR

At this time, the District sees no need for changes to the policies of regulatory agencies.
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4. INVENTORY OF WATER SUPPLIES
4.1 INTRODUCTION
The District has a highly reliable surface water supply as a result of construction of the federal
Solano Project in the 1950s and the associated water rights. Primary features of the project
include Monticello Dam and Lake Berryessa, Putah Diversion Dam and Lake Solano, the Putah
South Canal, and Terminal Reservoir. In addition, both the District and private landowners have
constructed groundwater production wells to supplement surface water supplies and to provide
water for frost protection or other agronomic uses outside of the irrigation season. Surface water
and groundwater supplies are discussed in the following sections.
4.2 SURFACE WATER SUPPLY
Lake Berryessa is the primary source of water supply for the District. SID secured water rights
through the Solano Project. After the construction of Monticello Dam and the subsequent
creation of Lake Berryessa, the SCWA entered into an agreement with the USBR on how water
was to be allocated to the SCWA and member units, which includes SID. Under the Agreement,
SID is entitled to receive 141,000 acre-feet in Solano Project water years (March through
February) with a full allotment. Water that is voluntarily unused in any one year is added to a
Voluntary Carryover Account in Lake Berryessa and used in any water year subsequent to the
water year in which it was added. The voluntary carryover account is proportionally reduced
when Lake Berryessa spills.
Historically, the SID water supply has been very reliable with no curtailment of supply in 58
years of operation since 1959. However, the District recognizes, as described previously in
Section 3.11, that there may be times when available surface water supplies are insufficient to
meet the water demands of the crops grown and other uses. As described in the ‘Solano Project
Members’ Agreement as to Drought Measures and Water Allocation, adopted in 1999, if storage
in Lake Berryessa falls below 800,000 acre-feet, curtailments occur. Since the Agreement was
adopted in 1999, the storage in Lake Berryessa has remained above 800,000 acre-feet (Figure 41). Recognizing that the storage in Lake Berryessa has fallen below 800,000 acre-feet in some
years prior to the Agreement and noting obvious, rapidly changing cropping patterns and
irrigation practices in its service area, (particularly the rapid expansion of almonds and walnuts)
SID recently completed an assessment of the adequacy of its water supplies to meet current and
potential future agricultural and other demands.
The assessment revealed that under all future water demand scenarios, SID’s water demands
(agricultural and urban) are likely to significantly exceed its 141,000 acre-foot contractual
entitlement in certain years. Even if groundwater is relied upon in amounts consistent with recent
years, significant surface water shortages are forecast to occur.
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Figure 4-1. Monthly Lake Berryessa Storage from January 1985 through November 2015. (Source:
California Data Exchange Center)

4.3 GROUNDWATER SUPPLY
SID overlies two separate groundwater basins. The northeast portion overlies the Solano
Groundwater Subbasin 5-21.66 (California DWR Bulletin 118, 2003) of the Sacramento Valley
Groundwater Basin. The southwestern portion overlies the Suisun-Fairfield Groundwater Basin
2-3 (California DWR Bulletin 118, 2003) of the Sacramento Valley (Figure 4-2).
Prior to the introduction of surface water through the Solano Project, groundwater served as the
primary water source for both the cities and agricultural areas in the region. As a result,
groundwater levels declined over time. Following the introduction of surface water deliveries by
SID in 1959 utilizing surface water from Lake Berryessa, the ground water levels rebounded, and
now the groundwater system is considered to have generally stable groundwater levels (SCWA,
2014). Deep percolation of applied surface water from irrigated lands and seepage from District
canals and drains, provide beneficial recharge to the underlying aquifers. Groundwater elevation
contours indicate groundwater flows eastward away from SID towards the Sacramento River,
suggesting that these sources of recharge provide regional as well as local benefits to
groundwater pumpers and the environment. During the irrigation season recharge from seepage,
deep percolation of applied water, and deep percolation of precipitation is about 50,000 acre-feet,
on average, while District and private groundwater pumping is about 9,000 acre-feet. The
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recharge will be greater than this on an annual basis; however SID’s current water balance was
developed for the irrigation season. During the next update, the water balance will be extended
to an annual time step to more completely characterize groundwater recharge.
The Solano subbasin underlies the northeastern part of SID, and has two basic layers. The
shallower aquifer provides agricultural water and local domestic supplies, and the deeper
Tehama Formation aquifer provides groundwater to Vacaville and some larger agricultural
producers.
The primary water-bearing formations comprising the Solano subbasin are sedimentary deposits
(DWR, 2006a). These formations include younger alluvium, older alluvium, and the Tehama
Formation (Thomasson and others 1960). These formations are shallow near the Coast Range on
the west and become thicker towards the eastern edge of the basin. More recent stream channel
deposits consisting of unconsolidated silt, fine- to medium-grained sand, gravel and in some
cases cobbles are found in the upper reaches of Putah Creek.
Thickness of the younger alluvium ranges from 0 to 40 feet, however with the exception of the
Delta, they generally lie above the saturated zone (DWR, 2006a). Older alluvium consists of
loose to moderately compacted silt, silty clay, sand, and gravel deposited in alluvial fans during
the Pliocene and Pleistocene. Thickness of the unit ranges from 60 to 130 feet, about one quarter
of which is coarse sand and gravel generally found as lenses within finer sands, silts, and clays.
Permeability of the older alluvium is highly variable. The Tehama Formation is the thickest
water-bearing unit underlying the Solano subbasin, ranging in thickness from 1500 to 2500 feet.
It consists of moderately compacted silt, clay, and silty fine sand enclosing lenses of sand and
gravel, silt and gravel, and cemented conglomerate. Permeability of the Tehama Formation is
variable, but generally less than the overlying younger units.
To reduce reliance on groundwater and address the water supply needs of the urban areas in the
region, SID has contracted with neighboring cities and local developments to supply
approximately 19,000 acre-feet per year of raw surface water in recent years. Under these
contracts, the local developments and cities of Vacaville, Fairfield, Suisun and Benicia could
ultimately use 35,000 acre-feet per year of Solano Project water.
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Figure 4-2. SID Groundwater Basins and Subbasins.
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The District has 28 deep wells (Figure 4-3) for groundwater production located mainly in the
northeastern portion of the service. The water is either discharged into laterals, mixed with
surface water, and delivered to growers in the area, or delivered directly to growers. The pumps
reduce shallow groundwater levels and provide increased water supply flexibility by allowing
operators to access additional flow by
turning on one or more pumps.
The pumps have a combined maximum
annual
production
capacity
of
approximately 14,000 acre-feet based on a
200-day irrigation season. Actual annual
production ranges between approximately
2,300 and 10,200 acre-feet because the
wells are not operated continuously. One
of the deep wells is remotely monitored via
the District’s SCADA system, with plans
to expand the program to an additional
seven (7) sites in 2016.

Figure 4-3. SID Groundwater Well.

The District has 29 dedicated observation wells (non-production) for monitoring groundwater
levels. In addition to taking groundwater level measurements in the observation wells, the
District regularly measures groundwater levels in many of the production wells. In late
September and early October, water levels were measured in 52 District wells (observation and
production). Ground surface to water surface depth ranged from 4.4 to 149.1 feet. The average
depth to water in the 52 wells was 47.8 feet.
SID maintains an active pump testing program to determine the operating efficiency of its
pumps. Groundwater and low lift (canal turnouts, pressurized system and drainwater recovery)
pumps are routinely tested. The tests are analyzed to prioritize repairs and replacements and to
develop performance baselines. The testing program has allowed staff to establish baseline
performance standards for most of the District's pumps. SID also offers pump tests to its
growers for privately owned pumps. The service is free-of-charge and funded by a countywide partnership between SID, Solano County Water Agency, Maine Prairie Water District,
and Reclamation District 2068.
The Sustainable Groundwater Management Act (SGMA) was signed into law on September 16,
2014. The new law requires local agencies within groundwater basins and subbasins to work
together to achieve sustainability within a defined period of time. SGMA requires a series of
actions be accomplished to demonstrate SGMA compliance, including formation of
Groundwater Sustainability Agencies (GSAs) by June 30, 2017 to prepare planning documents
and manage groundwater supplies and preparation of Groundwater Sustainability Plans (GSPs)
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for basins and subbasins not in critical overdraft by January 2022. GSPs must identify actions, if
any, needed to achieve groundwater sustainability, and sustainability must be achieved within 20
years (by 2042). Recognizing these new requirements, SID will work with local interests to
develop the tools needed to ensure long-term groundwater sustainability and will work
cooperatively toward forming GSA(s) and preparing and implementing a GSP, including
developing technical data and/or tools needed to comply with SGMA.
4.4 OTHER WATER SUPPLIES
In addition to Lake Berryessa surface water and local groundwater supplies, the District reuses
tailwater and canal spillage from the drains and is receptive to the reuse of municipal and
industrial effluent4. SID owns and operates fifteen pumps that recover water from drains. Four
of the pumps discharge to the canal system, and eleven deliver water directly to irrigated lands.
The District provided monthly volumes for each of the pumps for the 2007 through 2014 time
period. Between 2007 through 2014, drainwater recovered by SID into the canal system
averaged approximately 600 acre-feet annually, and drainwater recovered by SID and pumped
directly to Irrigated Lands averaged approximately 1,700 acre-feet annually.
4.5 WATER QUALITY MONITORING
SID historically has performed annual groundwater quality monitoring within its service area.
The District also tests the surface water quality in the PSC every five to ten years. These
activities are described in greater detail below.
4.5.1

Surface Water

Every five to ten years, SID collects and tests the water in the PSC for alkalinity, Boron,
Calcium, Chloride, acidity (pH), Magnesium, Nitrate Nitrogen, Potassium, Sodium, Sulfate,
electroconductivity (EC), total dissolved solids (TDS), and sodium adsorption ratio (SAR). The
results of these tests have been evaluated based on FAO Irrigation and Drainage Report 29,
Water Quality for Agriculture and have been consistently found to be suitable for irrigation of
crops grown in SID with regard to all parameters tested. SID collects water samples and tests
water quality for the seven public water systems they operate and makes the results available in
an annual water quality report available on the SID website.
4.5.2

Groundwater

The District annually monitors groundwater quality and reports the quality in an annual
groundwater report. SID tests groundwater quality from five wells for alkalinity, Boron,
Calcium, Chloride, pH, Magnesium, Nitrate Nitrogen, Potassium, Sodium, Sulfate, EC, TDS,
and SAR. The results of these tests have been evaluated based on FAO Irrigation and Drainage
There is currently no known source of M&I effluent within SID’s service area that is not otherwise
beneficially used.

4
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Report 29, Water Quality for Agriculture and have been found to be suitable for irrigation of
crops grown in SID with regard to all parameters tested.
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5. WATER BALANCE
5.1 INTRODUCTION
This section describes the various water uses within SID, followed by a detailed description of
SID’s water balances for key accounting centers within the District. For each accounting center,
a detailed, multi-year water balance covering the period from 1991 to 2014 is presented. The
water balance quantifies all significant inflows and outflows of water to and from SID’s service
area.
The water uses and water balances are discussed in relation to hydrologic conditions within SID,
which vary from year to year. Key hydrologic drivers of water management in a given year
include available surface water supply from Lake Berryessa, precipitation within the SID service
area, and atmospheric water demand.
5.2 WATER BALANCE OVERVIEW
A total of thirty-two individual flow paths are quantified as part of the District’s water balance.
A schematic of the water balance structure is provided in Figure 5-1. In general, flow paths are
quantified on a monthly basis for the entire year. The water balance includes the following three
accounting centers:
1. Distribution Canals
2. Irrigated Lands
3. Drainage System
For each accounting center all but one flow path is determined independently based on measured
data or calculated estimates, and the remaining flow path is then calculated based on the
principal of conservation of mass (Equation 5-1), which states that the difference between total
inflows and outflows to an accounting center for a given period of time is equivalent to the
change in stored water within that accounting center. Over the course of a year, it is assumed
that the change in storage is zero (Equation 5-2).
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[5-1]

Inflows – Outflows = 0 (annual time step)

[5-2]
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Figure 5-1. SID Water Balance Structure.
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The flow path that is calculated using Equation 5-2 is referred to as the “closure term” because
the mass balance equation is solved or “closed” for the unknown quantity. The closure term is
selected based on consideration of the availability of data or other information to support an
independent estimate of each flow path as well as the volume of water representing the flow path
relative to the size of other flow paths. Generally speaking, the largest, most uncertain flow path
is selected as the closure term.
5.3 FLOW PATH ESTIMATION AND UNCERTAINTY
Individual flow paths were estimated based on direct measurements or based on independent
calculations using measurements and other available data and assumptions. As described
previously, flow paths not estimated independently were calculated as the closure term of each
accounting center.
For the distribution canals accounting center, the closure term for 1991 through 2014 was farm
deliveries. Measured district surface water deliveries, district groundwater pumping, and
drainwater reuse are the primary inflows, and farm deliveries, M & I deliveries, evaporation,
seepage, and spillage are the primary outflows. In recent years the tracking of farm delivery
volumes has improved with the implementation of the TruePoint True Canal system to track
orders and delivery volumes. It is anticipated that measured farm deliveries will be used directly
in future water balances and that a different flow path currently estimated using other means will
be used as the closure term.
The Irrigated Lands accounting center has inflows of precipitation, farm deliveries, direct
deliveries, drainwater reuse, and private pumping. ET of applied water (ETaw), ET of
precipitation (ETpr), tailwater, runoff of precipitation, deep percolation of precipitation and deep
percolation of applied water as outflows. Deep percolation of applied water is the closure term.
The primary outflow from irrigated lands is crop evapotranspiration (ET). Crop ET may be
derived from applied irrigation water or from precipitation. The Integrated Water Flow Model –
Demand Calculator (IDC), developed by the DWR, is a root zone water balance model, which
partitions total crop ET into ETaw and ETpr. The IDC is the demand calculator for the Integrated
Water Flow Model (IWFM), which is a groundwater modeling program. IWFM is used in
California, to model groundwater and surface water systems. One such application is the
California Central Valley Groundwater – Surface Water Simulation Model (C2VSim), which
models groundwater and surface water interactions across California’s Central Valley.
Primary inputs into the IDC model include: crop evapotranspiration, precipitation, and soil
parameters, such as hydraulic conductivity, field capacity and permanent wilting point, among
others. Six crop groups were modeled: pasture, corn, tree and vine, grain, annual, and fallow.
Soil parameters were based on four soil types: sandy clay loam, clay, clay loam, and loam;
resulting in twenty-four unique crop-soil combinations. ETa was estimated from 1991 to 2014
based on Surface Energy Balance Algorithm for Land (SEBAL) derived crop coefficients and
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grass reference evapotranspiration from the Davis CIMIS station. Combining IDC model
outputs with annual crop acreage summaries provided by the District, volume of precipitation,
ETaw, ETpr, runoff, and deep percolation of precipitation were developed and incorporated into
the water balance.
For the SID drainage system accounting center, drainwater outflow was calculated as the closure
term. Primary inflows to the drainage system include: tailwater, spillage from the distribution
canals, tributary inflows, deliveries to Maine Prairie, and precipitation. Primary outflows
include: deliveries to Maine Prairie, drainwater outflow, seepage, and evaporation.
The results of the water balance for each flow path are reported with a high level of precision
(nearest whole acre-foot) that implies a higher degree of accuracy in the values than is actually
justified. While a detailed uncertainty analysis has not been conducted to assess potential error
in the data and computed values, an estimated percent uncertainty (approximately equivalent to a
95% confidence interval) in each measured or calculated flow path has been estimated. Then,
based on the relative magnitude of each flow path, the resulting uncertainty in each closure term
can be estimated by assuming that errors in estimates are random (Clemmens and Burt 1997).
Errors in estimates for individual flow paths may cancel each other out to some degree, but the
net error due to uncertainty in the various estimated flow paths is ultimately expressed in the
closure term.
Table 5-1 lists each flow path included in the water balance, indicating the accounting center(s) it
belongs to, whether it is an inflow or an outflow, whether it was measured or estimated, the
supporting data used to determine it, the 2014 flow volume, and the estimated confidence
interval, expressed as a percent. As indicated, estimated confidence intervals vary by flow path
from 5 percent to over 100 percent of the estimated value, with uncertainties generally being less
for measured flow paths and greater for estimated flow paths. The estimated uncertainty of each
closure term is provided, calculated based on the concept of propagation of random errors as
described in Clemmens and Burt (1997).
The inflow uncertainties to the distribution canals accounting center ranged from 5 percent to
100 percent while the estimated uncertainties for the outflows also ranged from 5 percent to 100
percent (Table 5-1). The individual confidence intervals for each inflow and outflow were
combined statistically, resulting in a confidence interval of plus or minus 8 percent on farm
deliveries, the closure term.
The inflow uncertainties to the irrigated lands accounting center ranged from 5 percent to 100
percent while the estimated uncertainties for the outflows ranged from 10 percent to 100 percent
(Table 5-1). The individual confidence intervals for each inflow and outflow were combined
statistically, resulting in a confidence interval of plus or minus 446 percent on deep percolation
of applied water, the closure term. Typically for water balances of irrigated lands, the confidence
interval on deep percolation of applied water is in the range of 35 to over 100 percent.
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Both inflow and outflow uncertainties to the drainage system accounting center ranged from 10
percent to 100 percent (Table 5-1). The individual confidence intervals for each inflow and
outflow were combined statistically, resulting in a confidence interval of plus or minus 47
percent on drainwater outflow, the closure term.
The general increase in flow volume confidence intervals (increased uncertainty) as the water
flows from the distribution system accounting centers to the irrigated lands accounting center is
typical of agricultural water suppliers. Increased uncertainty for the irrigated lands accounting
center results chiefly from estimates of tailwater and deep percolation flow paths as these flows
are difficult and expensive to accurately measure. Despite appreciable uncertainty in some flow
path quantities, the water balance provides useful insights into SID’s water management.
5.4 HYDROLOGIC YEAR TYPES IN SID
A multi-year water balance is necessary to evaluate water management implications of surface
water supply variability, precipitation variability and other changes in the hydrology of SID and
its surrounding area over time. Additionally, a multi-year water balance that differentiates
between dry and wet years, shown in Table 5-2, is essential to evaluate and plan for “planned
conjunctive use of surface water and groundwater”, an EWMP included in the CWC and
discussed in Section 7.
District staff have observed that water demand is lower in years with wet springs. Thus, years
were classified as wet or dry based on the depth of rainfall in the spring months of February and
March. Based on a review of rainfall records, years with rainfall in these months greater than
four inches were classified as wet years.
Precipitation and ETo averaged 19.6 and 56.1 inches, respectively, for the 16 wet years compared
to 14.1 and 58.3 inches, respectively, for the 8 dry years. Overall 24-year averages for
precipitation and ETo were 17.7 and 56.8 inches, respectively. Generally, below normal
precipitation and increased ETo are experienced in dry years, resulting in increased crop
irrigation requirements and corresponding irrigation demands. In dry years, the irrigation
demand (ETaw) averaged 91,700 acre-feet compared to 85,400 acre-feet in wet years (Table 5-2),
a seven percent difference.
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Table 5-1. Water Balance Flow Paths, Supporting Data, and Estimated Uncertainty.
Accounting
Center

Flow
Path
Type

Flow Path

Inflows

Precipitation (DS)

Inflows

23

100%

10,184

5%

535

5%

Seepage Recovery

Estimate

Estimated

30

100%

104,687

8%

6,028

5%

7,629

35%

5,688

100%

Calculation
Measured

Distribution Canals Accounting Center Closure
Flow meter records for 2004-2014; estimated for 19912003
Measured values plus estimated volume from unmeasured
sites; 1991-1999 values estimated as the 2000-2005
average (pre-SCADA time with measured values)

Spillage

Measured /
Calculation

Seepage (DC)

Calculation

NRCS soils data, wetted surface area based on canal crosssection drawings, wetted duration based on flow records

Evaporation (DC)

Calculation

CIMIS ETo, evaporation coefficient from UCCE (1989)
canal surface area based on canal cross-section drawings

300

50%

Measured

Flow meter records for 2000-2014; estimated for 19911999

2,935

5%

104,687

8%

Farm Deliveries1

Calculation

Direct Deliveries

Measured

Flow meter records for 2007-2014; estimated for 1991-2006

997

5%

Precipitation (IL)

Calculation

Quality-controlled precipitation from Davis CIMIS Station,
irrigated area records

15,038

30%

Private Groundwater

Calculation

Estimated based on on-farm efficiency, farm deliveries and
ET of applied water for 1991-2003, estimated as 4,000 AF for
2004-2014 (Summers Engineering, 2007)

4,000

100%

Flow meter records for 2007-2014; estimated for 1991-2006

1,450

10%

Calculation

IDC analysis, NRCS soils characteristics, CIMIS precipitation
data

7,461

50%

Crop ET of Applied Water

Calculation

CIMIS ETo, estimated crop coefficients based on SEBAL
2007 and 2009 analysis, cropped area by crop (District crop
reports), IDC root zone simulation analysis to divide total ET
into applied water and precipitation components

91,906

10%

Deep Percolation of
Applied Water

Calculation

Irrigated Lands Accounting Center Closure

4,780

446%

Tailwater

Calculation

14,447

100%

Crop ET of Precipitation

Calculation

18,667

10%

Change in Storage of
Precipitation

Calculation

IDC analysis, CIMIS precipitation data, NRCS curve number
method

-11,708

50%

Runoff of Precipitation

Calculation

IDC analysis, CIMIS precipitation data, NRCS curve number
method

619

30%

Deep Percolation of
Precipitation

Outflows

5%

Flow meter records for 2007-2014; estimated for 19912006

Drainwater Reuse (IL)

Inflows

116,495

Measured

M&I Deliveries

Outflows

SID Irrigated Lands Irrigation Season Balance (AF)

Quality-controlled precipitation from Davis CIMIS
Station, estimated canal surface area
Flow meter records

2014 Estimated
Uncertainty (%)

Drainwater Reuse (DC)

Deliveries to Maine Prairie
(DC)

SID Drainage System Irrigation Season Balance (AF)

Calculation

Flow meter records

2014
Volume
(AF)

Measured

Farm Deliveries

Public Review Draft

Measured

Supporting Data

District Groundwater

1

Outflows

SID Distribution Canals irrigation Season Balance (AF)

District Surface Water
Deliveries

Source

Measured

Distribution Canals Accounting Center Closure

Estimate between 18% in 1991 to 13% in 2014, reduction
based on acres converting from surface to pressurized
irrigation systems
CIMIS ETo, estimated crop coefficients based on SEBAL
2007 and 2009 analysis, cropped area by crop (District crop
reports), IDC root zone simulation analysis to divide total ET
into applied water and precipitation components

Spillage

Measured /
Calculation

Measured values plus estimated volume from unmeasured
sites; 1991-1999 values estimated as the 2000-2005
average (pre-SCADA time with measured values)

7,629

35%

Tailwater

Calculation

Estimate between 18% in 1991 to 13% in 2014, reduction
based on acres converting from surface to pressurized
irrigation systems

14,447

100%

Precipitation (DS)

Calculation

Quality-controlled precipitation from Davis CIMIS
Station, estimated drain surface area

23

100%

Deliveries to Maine Prairie
(DC)

Measured

Flow meter records for 2000-2014; estimated for 19911999

2,935

10%

Deliveries to Maine Prairie
(DS)

Measured

Flow meter records for 2000-2014; estimated for 19911999

13,930

10%

Runoff of Precipitation

Calculation

IDC analysis, CIMIS precipitation data, NRCS curve
number method

619

30%

Putah South Canal
Spillage

Measured

Flow meter records 2008-2014, 1991-2007 estimated as
zero

0

10%

Drainwater Reuse (DC)

Measured

Flow meter records for 2007-2014; estimated for 19912006

535

10%

Drainwater Reuse (IL)

Measured

Flow meter records for 2007-2014; estimated for 19912006

1,450

10%

Drainwater Outflow

Calculation

Drainage System Closure

32,941

47%

Evaporation (DS)

Calculation

CIMIS ETo, evaporation coefficient from UCCE (1989),
estimated drain surface area

300

50%

Seepage (DS)

Calculation

NRCS soils data, estimated drain wetted surface area
based on drain lengths, wetted duration based on flow
records 2004-2014, estimated 1991-2003

4,357

100%

Deliveries to Main Prairie

Measured

Flow meter records for 2000-2014; estimated for 19911999

14,335

10%
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Table 5-2. 1991 to 2014 Hydrologic Year Types and Characteristics.
Spring
Annual
Rainfall Irrigation Irrigation Number
Precipitation, ETo, in
Year
Start
End
of Days
in
Type
Wet
1-Mar
31-Oct
245
15.2
59.8

Total
ETaw, af
92,354

1992

Wet

1-Mar

31-Oct

245

22.1

58.3

108,094

1993

Wet

1-Mar

31-Oct

245

24.9

56.0

97,497

1994

Dry

1-Mar

31-Oct

245

14.2

55.6

114,289

1995

Wet

1-Mar

31-Oct

245

25.5

53.0

87,808

1996

Wet

1-Mar

31-Oct

245

27.8

56.8

99,465

1997

Dry

1-Mar

31-Oct

245

14.7

60.2

110,984

1998

Wet

1-Mar

31-Oct

245

25.6

47.8

59,354

1999

Wet

1-Mar

31-Oct

245

8.8

55.9

95,091

2000

Wet

1-Mar

31-Oct

245

16.8

54.6

87,177

2001

Wet

1-Mar

31-Oct

245

20.4

59.6

87,786

2002

Dry

1-Mar

31-Oct

245

16.0

58.9

94,949

2003

Dry

1-Mar

31-Oct

245

15.3

56.1

80,030

2004

Wet

17-Mar

19-Oct

217

17.7

58.2

88,159

2005

Wet

1-Apr

31-Oct

214

19.8

54.3

75,807

2006

Wet

24-Apr

31-Oct

191

15.8

55.1

67,897

2007

Dry

17-Mar

15-Oct

213

10.4

59.4

80,604

2008

Dry

18-Mar

23-Oct

220

16.0

59.5

96,469

2009

Wet

23-Mar

15-Oct

207

14.2

57.8

85,490

2010

Dry

29-Mar

31-Oct

217

21.7

53.6

73,320

2011

Wet

1-Mar

31-Oct

245

17.9

53.1

60,493

2012

Wet

1-Mar

29-Oct

243

21.9

57.4

81,603

2013

Dry

28-Feb

22-Oct

237

4.7

63.0

83,162

2014

Wet

10-Mar
5-Nov
Wet Year Average

241

18.6

59.1

91,906

235

20

56

85,374

Dry Year Average

233

14

58

91,726

Overall Average

235

18

57

87,491

5.5 WATER USES
SID supplies irrigation water for agriculture as well as water for urban consumption. The
District is the operator of the Solano Project, which supplies water from Lake Berryessa to four
cities (Fairfield, Vacaville, Benicia, and Vallejo), Maine Prairie Water District, and SID
customers. In addition, the District has partnered with Suisun City in water delivery. The
District owns and operates the hydroelectric power plant at the base of Monticello Dam, which
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forms Lake Berryessa. PG&E buys all energy produced at the plant and pays all expenses to
operate the plant.
5.5.1

Agricultural

Agricultural irrigation is the primary water use in SID. Total water required to meet the
evapotranspiration need of the crops grown varied from about 90,000 to 135,000 acre-feet per
irrigation season during the period of analysis. An estimated 13,000 to 36,000 acre-feet of the
demand was supplied by rainfall stored in the root zone with the remaining 59,000 to 114,000
acre-feet supplied by irrigation.

Figure 5-2. Almond Orchard in SID.

Between 1991 and 2014, there was an average of
43,386 acres of irrigated crop land, in addition to an
average of 1,468 acres of fallow or idle lands. The
dominant crop in SID is Pasture/Hay, which was
grown on an average of 14,918 acres. Annual crops are
the second largest commodity, averaging 11,908 acres.
Trees (Figure 5-2) and vines are third largest
commodity accounting for approximately 7,807 acres,
followed by grain and corn each averaging 4,821 acres
and 3,932 acres; respectively.

The acreage of annual crops have declined
considerably over the 24-year period as indicated in Table 5-3 and Figure 5-3 from
approximately 20,000 acres in the early 1990s to approximately 10,000 acres in 2014. There was
a substantial increase in pasture and hay production between the early 1990’s and the early
2000’s that was offset to some extent by a decrease in annual crops. In 2014 trees and vines
increased by 4,000 acres, to account for over 10,000 acres. Overall, total cropped acreage has
been trending downward from 1991 to 2014, reflecting changes in land use from agricultural to
urban.
Crop coefficients were derived from actual ET (ETa) estimated from remotely sensed Surface
Energy Balance Algorithm for Land (SEBAL) results. SEBAL results account for effect of
salinity, deficit irrigation, disease, poor plant stands, and any other stress factors on crop ET.
Studies by Bastiaanssen, et al. (2005) Allen, et al. (2007) (Allen, et al, 2011) and Thoreson, et al.
(2009) and others have found that when performed by an expert analyst, seasonal ETa estimates
by these models are expected to be within plus or minus five percent of actual ET. For crops
grown in the SID service area, growing season ET computed using CIMIS reported reference
evapotranspiration (ETo) and crop coefficients are provided in Table 5-4.
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Table 5-3. SID Crop Acreages, 1991 to 2014.

Year

Tree/Vine

Fallow

Corn

1991

18,600

2,980

5,898

12,203

7,361

6,692

53,734

47,042

1992

19,508

3,934

9,494

11,713

6,829

5,539

57,017

51,478

1993

20,513

4,922

5,865

11,140

6,914

3,241

52,595

49,354

1994

20,970

5,904

10,242

10,405

7,082

1,560

56,163

54,603

1995

19,181

5,959

8,606

8,650

7,171

2,984

52,551

49,567

1996

15,573

8,347

11,778

10,555

7,717

2,311

56,281

53,970

1997

14,159

7,723

8,386

10,469

7,638

553

48,928

48,375

1998

10,451

4,007

7,054

11,554

8,131

702

41,899

41,197

1999

15,159

3,944

4,799

13,082

8,775

881

46,640

45,759

2000

9,890

9,135

4,083

13,228

8,940

101

45,377

45,276

2001

8,355

4,914

3,149

14,843

9,045

0

40,306

40,306

2002

9,253

3,828

2,852

16,911

8,552

0

41,396

41,396

2003

8,625

3,311

3,902

16,424

8,454

1,461

42,177

40,716

2004

8,549

2,900

2,061

18,164

8,530

1,332

41,535

40,204

2005

8,473

2,489

219

19,904

8,606

1,202

40,893

39,691

2006

9,796

733

0

18,198

8,108

0

36,835

36,835

2007

5,484

2,674

3,903

18,570

7,410

2,142

40,183

38,041

2008

9,153

2,253

4,859

19,823

7,398

2,259

45,745

43,486

2009

10,667

1,509

3,612

17,927

6,731

0

40,446

40,446

2010

9,516

2,918

3,305

16,714

8,209

1,581

42,243

40,662

2011

7,659

3,306

3,086

17,770

6,678

296

38,794

38,498

2012

9,399

2,439

1,926

17,848

6,630

88

38,331

38,243

2013

6,099

2,598

4,726

15,572

6,341

182

35,519

35,338

2014

10,749

1,634

1,910

16,366

10,119

126

40,904

40,778

Minimum

5,484

733

0

8,650

6,341

0

35,519

35,338

Maximum

20,970

9,135

11,778

19,904

10,119

6,692

57,017

54,603

Average

11,908

3,932

4,821

14,918

7,807

1,468

44,854

43,386
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Figure 5-3. SID Cropping, 1991 to 2014.
Table 5-4. Average Acreages and Annual Evapotranspiration Rates for SID Crops.
Average Evapotranspiration (in)
Average Acres
Crop
ETc
ETaw
ETpr
Annual
11,908
34.5
27.5
7.1
Corn
3,932
33.2
26.7
6.5
Grain
4,821
27.8
19.6
8.2
Pasture/Hay
14,918
38.5
28.0
10.5
Tree/Vine
7,807
42.4
31.5
10.9
27.4
9.0
36.4
Total
43,386

The resulting ETa is input to the IDC version 2015.0.0036 (DWR, 2015) to parse the ETa into
ETaw and ETpr. This approach ensures the most accurate and consistent calculation of historical
crop ET (ETc) and ETaw possible, and improves the reliability of the water balance and related
performance indicators. Unit ET values for each crop were multiplied by the corresponding
cropped acres in each year to compute total water volumes consumed.
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The consumptive use of water by crops in SID ranges from approximately 28 inches of total crop
ET for grain to approximately 42 inches trees and vines (Table 5-4)5. ETaw ranges from
approximately 28 inches to 32 inches for the cropped area. Average total crop ET for pasture
and hay, SID’s primary crop, is 39 inches with approximately 28 inches derived from applied
irrigation water. On average, total crop ET in SID is 36 inches, with approximately 27 inches
derived from applied irrigation water. The remainder of the crop ET is derived from
precipitation, as described previously.
ETc and ETaw vary substantially between wet and dry years due to differences in overall
evaporative demand and differences in the amount of accumulated rainy season precipitation
available to support crop growth and offset crop irrigation requirements. For the 1991 to 2014
period, wet year ETc averaged approximately 35 inches while dry year ETc averaged nearly 37
inches. Wet year ETaw averaged nearly 27 inches while dry year ETaw averaged over 31 inches.
Additional information describing crop ET over time is included in Section 5.7. Total irrigation
season crop ET varied between approximately 90,000 acre-feet and 135,000 acre-feet during the
1991 to 2014 period, with an average irrigation season volume of 110,000 acre-feet.
Approximately 87,500 acre-feet were derived from applied irrigation water (79%) and 23,000
acre-feet were derived from precipitation (21%).
Other uses of applied irrigation water include leaching of salts and frost protection for orchards
and vineyards. Due to the low salinity of SID surface water, the required leaching fraction is
small for the crops grown in the District and has not been estimated as part of this Plan.
Additionally, water applied for frost protection is typically applied outside of the irrigation
season and has not been estimated at this time.
5.5.2

Environmental

The District is a member of the Lower Putah Creek Coordinating Committee (LPCCC) along
with the cities of Davis, Fairfield, Suisun City, Vacaville, Vallejo, and Winters; counties of
Solano and Yolo; Maine Prairie Water District; Putah Creek Council; Solano County Water
Agency; the University of California, Davis; and a riparian landowner. The LPCCC was
established in 2000 by a settlement agreement (Accord) to provide water in lower Putah Creek
sufficient for fish, wildlife, and human needs. The LPCCC serves as a watershed group joining
these primary stakeholders together to oversee implementation of the Accord and to plan for the
protection and enhancement of Putah Creek’s resources. The group meets once a month
alternating meeting locations between Davis and the SID offices in Vacaville. Typical agendas
Crop ET values are presented in Table 5‐4 and Section 5.6 on a calendar year basis to capture total ETc, ETaw,
and ETpr within SID. The vast majority of ETc and ETaw occur during the March to October irrigation season,
with some residual ET occurring following cessation of irrigation in November, particularly on pasture and
orchard ground.
5
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include member reports, correspondence, grant applications, progress on improving the
watershed, significant events affecting the watershed.
5.5.3

Recreational

The District manages the Solano
Project as a subcontractor under the
Solano County Water Agency. The
main project feature was the
construction of Monticello Dam,
which forms Lake Berryessa (Figure 54). The dam serves to store water for
agricultural, industrial, and municipal
use; in addition to providing
hydroelectricity and recreation for the
public. The USBR manages recreation
Figure 5-4. Lake Berryessa formed by Monticello Dam.
at the lake. Recreation opportunities at
(Source: USBR, 2015)
Lake Berryessa include fishing,
boating, camping, picnicking, swimming, hiking, bicycling, bird and wildlife watching.
Approximately 6 miles downstream of Monticello Dam is Putah Diversion Dam, which diverts
water into the Putah South Canal. The diversion dam creates Lake Solano, which is owned by
the Bureau of Reclamation, and also provides the public with recreation. The County of Solano
manages Lake Solano for public recreation offering an array of recreation opportunities for more
than 60,000 visitors a year. The park has a Nature Center and trail opportunities for short day
hikes, bird watching and wildlife photography. Additional recreation opportunities include
fishing, kayaking, canoeing, camping, and picnicking.
Water stored in the reservoirs is not “used” for recreation, per se, as it is not consumed to support
recreation activities. Rather, the storage of water in the reservoirs supports recreation activities.
5.5.4

Municipal and Industrial

SID has contracted with neighboring cities and local developments to supply approximately
19,000 acre-feet per year of raw surface water in recent years. Under these contracts, the local
developments and cities of Vacaville, Fairfield, Suisun and Benicia could ultimately use 35,000
acre-feet per year of Solano Project water.
SID currently provides surface water to eight small potable water systems and 13 non potable
water systems. Most of these deliveries are direct deliveries from the PSC and were not included
in the agricultural water balance. However, Table 5-5 summarizes the M&I water delivered
through the SID lateral system for 2008 to 2014. M&I deliveries from the lateral system range
from about 6,000 acre-feet to 7,700 acre-feet, averaging 7,200 acre-feet annually.
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Table 5-5. Municipal and Industrial Water Deliveries from SID laterals 2008 to 2014.
Year
M&I Deliveries
2008
7,471
2009
7,293
2010
7,038
2011
7,671
2012
7,157
2013
7,731
2014
6,028
1,561
7,731
3,294

Minimum
Maximum
Average

5.5.5

Groundwater Recharge

Groundwater recharge that occurs within SID consists of seepage from SID canals and deep
percolation (DP) of precipitation and applied irrigation water. Soil conditions conducive to
direct artificial recharge do exist, but distributed recharge from canals and ditches provides
sufficient recharge to maintain groundwater levels in the Solano Subbasin underlying SID. This
distributed recharge directly benefits SID water users, communities within SID, and surrounding
areas that share the groundwater resource. Inflows to the groundwater system and pumping
volumes for the 1991 to 2014 period are shown in Figure 5-5, along with the net annual volume
of groundwater recharge.
Estimates of recharge were derived from the water balance analysis. Canal seepage was
calculated based on soil characteristics along with estimated canal wetted perimeters, overall
lengths, and wetting frequency. Deep percolation of precipitation was estimated using the
previously described IDC model. Deep percolation of applied water was estimated as the closure
term from the irrigated lands accounting center. Seepage and deep percolation volumes for 1991
to 2014 are provided in Table 5-6, along with total recharge expressed as a volume and as a
depth of water relative to the cropped area in each year.
Total recharge between 1991 and 2014 ranged from approximately 29,000 acre-feet to 72,000
acre-feet per year, or from 0.7 acre-feet to 1.8 acre-feet per cropped acre per year. On average,
total recharge was estimated to be approximately 50,000 acre-feet per year (1.17 af/ac-yr), with
approximately 12 percent of recharge originating from canal seepage and 80% of recharge
originating from deep percolation, and 9 percent of recharge originating from drainage system
seepage.
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Figure 5-5. Groundwater System Inflows, Outflows, and Net Recharge, 1994 to 2014.
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Table 5-6. SID Total Groundwater Recharge, 1991 to 2014.
Spring
Deep
Drainage
Rainfall
Distribution Canal
Percolation,
System
Year Type
Seepage, AF
AF
Seepage, AF
Year
1991
Wet
6,272
28,973
4,523
1992
Wet
6,272
41,331
4,523
1993
Wet
6,272
52,305
4,523
1994
Dry
6,272
34,865
4,523
1995
Wet
6,272
54,783
4,523
1996
Wet
6,272
58,591
4,523
1997
Dry
6,272
38,420
4,523
1998
Wet
6,272
61,140
4,523
1999
Wet
6,272
23,896
4,523
2000
Wet
6,272
35,472
4,523
2001
Wet
6,272
32,655
4,523
2002
Dry
6,272
35,834
4,523
2003
Dry
6,272
32,446
4,523
2004
Wet
5,555
44,415
4,006
2005
Wet
5,478
36,770
3,950
2006
Wet
4,890
40,614
3,526
2007
Dry
5,453
35,798
3,932
2008
Dry
5,632
38,060
4,061
2009
Wet
4,989
26,827
3,821
2010
Dry
5,230
43,704
4,006
2011
Wet
5,905
55,649
4,523
2012
Wet
5,856
42,910
4,486
2013
Dry
5,688
48,672
4,357
2014
Wet
5,688
19,404
4,357
4,890
19,404
3,526
Minimum
6,272
61,140
4,523
Maximum
5,926
40,983
4,336
Wet Year Average
5,886
38,475
4,306
Dry Year Average
5,912
40,147
4,326
Overall Average

Total Recharge
AF
AF/acre
39,768
0.85
52,126
1.01
63,099
1.28
45,660
0.84
65,578
1.32
69,385
1.29
49,214
1.02
71,935
1.75
34,691
0.76
46,267
1.02
43,450
1.08
46,629
1.13
43,241
1.06
53,976
1.34
46,199
1.16
49,030
1.33
45,182
1.19
47,753
1.10
35,637
0.88
52,940
1.30
66,076
1.72
53,252
1.39
58,716
1.66
29,448
0.72
29,448
0.72
71,935
1.75
51,245
1.18
48,667
1.16
50,385
1.17

Groundwater recharge net of well pumping6 was calculated by subtracting estimated SID and
private pumping volumes from total recharge volumes. Net recharge estimates for the analysis
period are provided in Table 5-7.

6

Total groundwater pumping includes SID and private pumping for irrigation.
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Table 5-7. SID Net Groundwater Recharge, 1994 to 2014.
Year
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

Spring Rainfall
Year Type
Wet
Wet
Wet
Dry
Wet
Wet
Dry
Wet
Wet
Wet
Wet
Dry
Dry
Wet
Wet
Wet
Dry
Dry
Wet
Dry
Wet
Wet
Dry
Wet
Minimum
Maximum
Wet Year Average
Dry Year Average
Overall Average

Total Recharge,
AF
39,768
52,126
63,099
45,660
65,578
69,385
49,214
71,935
34,691
46,267
43,450
46,629
43,241
53,976
46,199
49,030
45,182
47,753
35,637
52,940
66,076
53,252
58,716
29,448
29,448
71,935
51,245
48,667
50,385

Groundwater
Pumping, AF
39,827
54,193
29,567
27,786
9,539
22,508
14,550
8,170
21,401
13,854
5,359
19,499
30,121
8,514
8,514
8,514
9,490
8,514
8,049
7,797
8,047
8,467
9,231
14,184
5,359
54,193
16,794
15,873
16,487

Net Recharge
AF
AF/acre
-60
0.00
-2,067
-0.04
33,532
0.68
17,874
0.33
56,039
1.13
46,878
0.87
34,664
0.72
63,765
1.55
13,289
0.29
32,413
0.72
38,091
0.95
27,129
0.66
13,120
0.32
45,462
1.13
37,685
0.95
40,516
1.10
35,692
0.94
39,239
0.90
27,588
0.68
45,143
1.11
58,029
1.51
44,785
1.17
49,485
1.40
15,264
0.37
-2,067
-0.04
63,765
1.55
34,451
0.82
32,793
0.80
33,898
0.81

Annual recharge from seepage and deep percolation is 50,000 af, on average, while District and
private groundwater pumping is about 16,000 af. Thus, the net effect of District and landowner
operations is recharge of nearly 34,000 af each year. During the water balance analysis period,
net recharge varied from a low of -2,000 af (-0.04 af/ac) in 1992 to a high of about 64,000 af
(1.55 af/ac) in 1998. There is not a significant difference in net recharge in wet versus dry years,
likely due to the reliability of the District’s surface water supply.
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Transfers and Exchanges

One strategy described in SID’s Strategic Plan is to “add diversity to the District’s water
portfolio by identifying, developing and participating in water transfers, water exchanges and
acquisition of new supply.” This strategy is articulated in support of the objective: “to gain
additional water sources for customers.”
This strategy is important in three of the top six of the District’s Tier 1 program objectives that
are prioritized based on their importance towards building a foundation to accomplish the
District’s mission. This strategy is also cited in three of the District’s Tier 2 program objectives.
The Tier 2 program encompasses longer term items that require the foundation items in the Tier
1 program.
Prior to developing the Strategic Plan, SID, recognizing the urban growth in its service area, has
transferred some of its allotment to urban use through contracts with neighboring cities and local
developments. Together through these contracts, SID has supplied approximately 19,000 acrefeet per year of raw surface water to local cities and developments in recent years. Under these
contracts, the local developments and cities of Vacaville, Fairfield, Suisun and Benicia could
ultimately use 35,000 acre-feet per year of Solano Project water.
In the coming years, SID plans to develop a water transfer program to raise funds, keep inDistrict water rates affordable and optimize regional water supply. This program will be
designed to support the objectives described in SID’s Strategic Plan. Examples of these
objectives include developing the ability to exchange Solano Project water with North Bay
Aqueduct (NBA) water contractors and the ability to transfer water out of place of use.
5.5.7

Other Water Uses

Other incidental uses of water within SID may include watering of roads for dust abatement,
agricultural spraying, and stock watering by SID water users. The volume of water used for such
purposes is small relative to other uses and has not been quantified as part of this AWMP.
5.6 DRAINAGE
5.6.1

SID Boundary Outflows

Five drains carry significant flow outside the District during the irrigation season (Table 5-8).
Theses flows include tailwater from irrigated lands within the District, operational spillage,
treated effluent from the City of Vacaville, and deliveries (the creeks are used as conveyance) to
MPWD. Data for 1989 to 2000 (Table 5-8) were reported by Summers Engineering (2007);
however data were not available for 2001 through 2014. As indicated in Table 5-8, nearly 50
percent of the outflow volume is the MPWD diversion from Sweeney Creek. This diversion
includes multiple small diversion points, presenting measurement challenges leading to the
absence of data in recent years. So, because of the lack of recent data, the drainage outflow was
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used as the drainage system closure for the entire 1991 through 2014 time period. Closing on the
drainage outflow resulted in estimates ranging from 27,200 acre-feet to 40,500 acre-feet with an
average of 34,800 acre-feet for the 1989 to 2000 time period. The average by closure agreed
relatively well with, 11 percent less than, the average of the measurements.
Table 5-8. District Boundary Outflow Site List (Summers Engineering, 2007)

Boundary Outflow Site

Average Annual Volume (1989-2000)

Dam 1 on Sweeney Creek
Dam 5 on Ulatis/Horse Creek
Dam 7 on Sawtelle Drain
Brown/Alamo Dam
MPWD Diversion from Sweeney Creek
Total

7,160
3,975
1,061
9,016
17,936
39,148

Table 5-9 summarizes seasonal drainwater outflow from 1991 through 2014, averaging
approximately 31,400 acre-feet. Drainwater leaving SID boundaries is available for use by
MPWD. The drainwater quality leaving SID is suitable for agricultural use as demonstrated by
its historical and continuing use by MPWD.
Based on the period from 1991 to 2014, boundary outflows do not vary substantially, on average,
between wet and dry years. This is due at least in part to contrasting changes in inflows to the
district drainage system that vary depending on the hydrologic characteristics of a given year.
These flow path changes are summarized qualitatively in Table 5-10.
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Table 5-9. Estimated SID Boundary Outflows During Irrigation Seasons, 1991 to 2014.
Year
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

Public Review Draft

Spring Rainfall Year
Type
Wet
Wet
Wet
Dry
Wet
Wet
Dry
Wet
Wet
Wet
Wet
Dry
Dry
Wet
Wet
Wet
Dry
Dry
Wet
Dry
Wet
Wet
Dry
Wet
Wet Year Average
Dry Year Average
Overall Average

5-19

Seasonal Drainwater Outflow
(ac-ft)
36,501
38,236
34,040
38,004
39,376
40,462
36,396
27,184
30,846
29,461
28,433
26,929
27,488
28,259
24,767
22,834
29,065
33,515
30,875
28,473
28,058
29,398
30,940
32,941
31,354
31,351
31,353
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Table 5-10. General Effects of Hydrologic Year Type on SID Drainage System Inflows.
Drainage System
Flowpath

Wet Year
Effect

Dry Year
Effect

Canal Spillage (Inflow)

Little or
No
Change

Little or
No
Change

Operational spillage is not related to hydrologic
year type based on currently available data.

Farm Tailwater
(Inflow)

Little or
No
Change

Little or
No
Change

Tailwater production is limited in SID due to the
predominance of level-basin irrigation and ongoing
conversion to pressurized irrigation.

Deliveries to Maine
Prairie Water District
(Inflow)

Less

More

Deliveries to MPWD are higher in dry years due to
increased crop water requirements.

Less

Greater precipitation tends to occur during the
irrigation season of wet years, resulting in
increased runoff or precipitation and direct
precipitation in the drains.

Runoff of Precipitation
and Direct Precipitation
(Inflow)

More

Notes

5.7 WATER ACCOUNTING (SUMMARY OF WATER BALANCE RESULTS)
The SID water balance structure was shown previously in Figure 5-1. The water balance was
prepared for three accounting centers: (1) SID Distribution Canals; (2) Irrigated Lands; and (3)
the Drainage System. An accounting center representing the groundwater system is also
included in Figure 5-1 to account for exchanges between the vadose zone and the aquifers
underlying SID; however, a complete balance for the underlying aquifer is not calculated
because not all subsurface inflows and outflows have been estimated. Tabulated water balance
results for each accounting center are provided in Tables 5-11, 5-12, and 5-13.
The water balance is presented for each irrigation season (approximately March through
October). Underlying the March through October irrigation season totals presented is a more
detailed water balance in which all flow paths are determined on a monthly time step.
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Table 5-11. SID Distribution Canals Irrigation Season Water Balance.
Inflows

Outflows

Year
1991

Spring Rainfall
Year Type
Wet

District Surface Water
Deliveries
101,933

Precipitation
50

District
Groundwater
7,503

Drainwater
Reuse
649

Seepage
Recovery
30

Farm
Deliveries
89,071

M&I
Deliveries
1,686

Spillage
11,379

Seepage
6,272

Evaporation
296

Deliveries to Maine
Prairie
1,461

Distribution Canal
Efficiency*
84%

1992

Wet

108,574

30

5,569

649

30

93,757

1,686

11,379

6,272

297

1,461

84%

1993

Wet

119,064

26

2,311

649

30

100,996

1,686

11,379

6,272

286

1,461

85%

1994

Dry

143,249

14

4,604

649

30

127,460

1,686

11,379

6,272

289

1,461

88%

1995

Wet

126,132

56

4,169

649

30

109,965

1,686

11,379

6,272

274

1,461

86%

1996

Wet

128,742

41

3,400

649

30

111,768

1,686

11,379

6,272

296

1,461

87%

1997

Dry

152,103

9

4,910

649

30

136,594

1,686

11,379

6,272

309

1,461

89%

1998

Wet

104,160

36

4,170

649

30

87,997

1,686

11,379

6,272

250

1,461

84%

1999

Wet

124,037

11

4,644

649

30

108,287

1,686

11,379

6,272

286

1,461

86%

2000

Wet

121,360

28

5,780

649

30

106,418

1,686

11,726

6,272

284

1,461

86%

2001

Wet

131,021

20

5,230

649

30

115,176

1,686

12,265

6,272

306

1,245

86%

2002

Dry

125,943

11

6,867

649

30

112,224

1,686

11,660

6,272

301

1,358

86%

2003

Dry

96,066

31

4,173

649

30

79,015

1,686

11,209

6,272

290

2,477

82%

2004

Wet

136,461

8

4,514

649

30

122,461

1,843

10,338

5,555

283

1,181

89%

2005

Wet

112,855

30

4,514

649

30

98,255

1,565

11,075

5,478

290

1,415

86%

2006

Wet

100,707

43

4,514

649

30

89,163

1,561

9,293

4,890

274

761

86%

2007

Dry

130,416

18

5,490

366

30

117,744

1,775

9,454

5,453

271

1,623

89%

2008

Dry

145,349

7

4,514

545

30

124,908

7,471

9,935

5,632

289

2,209

89%

2009

Wet

123,991

14

4,049

830

30

105,161

7,293

9,159

4,989

270

2,043

89%

2010

Dry

120,020

23

3,797

753

30

100,953

7,038

9,982

5,230

257

1,163

88%

2011

Wet

116,080

60

4,047

556

30

96,833

7,671

9,319

5,905

264

782

87%

2012

Wet

129,119

35

4,467

857

30

111,837

7,157

8,437

5,856

288

933

89%

2013

Dry

150,034

14

5,231

931

30

133,185

7,731

8,304

5,688

306

1,026

91%

2014

Wet

116,495

23

10,184

535

30

104,687

6,028

7,629

5,688

300

2,935

89%

Minimum

96,066

7

2,311

366

30

79,015

1,561

7,629

4,890

250

761

82%

Maximum

152,103

60

10,184

931

30

136,594

7,731

12,265

6,272

309

2,935

91%

Wet Year Average

118,796

32

4,942

660

30

103,240

3,018

10,556

5,926

284

1,436

86%

Dry Year Average

132,898

16

4,948

649

30

116,510

3,845

10,413

5,886

289

1,597

88%

Overall Average

123,496

27

4,944

657

30

107,663

3,294

10,508

5,913

286

1,490

87%

* Distribution Canal Efficiency calculated as (Farm Deliveries + M&I Deliveries + Deliveries to MPWD)/(District Surface Water Deliveries + District Groundwater +Drainwater Reuse)
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Table 5-12. Irrigated Lands Irrigation Season Water Balance.
Inflows

Outflows

Precipitation
37,045

Private
Groundwater
32,324

Shallow
Groundwater
Interception
0

Drainwater
Reuse (IL)
1,744

Deep
Percolation of
Precipitation
18,215

Crop ET
of
Applied
Water
92,354

24,581

48,624

0

1,744

14,419

108,094

Deep
Percolation
of Applied
Water
9,235
10,809

Tailwater
21,549

Crop ET of
Precipitation
25,290

Change in
Storage of
Precipitation
-10,978

Runoff of
Precipitation
4,518

Tilewater
0

Consumptive
Use Fraction*
75%

25,222

27,186

-19,626

2,601

0

75%

Year
1991

Spring
Rainfall
Year Type
Wet

Farm
Deliveries
89,071

Direct
Deliveries
0

1992

Wet

93,757

0

1993

Wet

100,996

0

20,276

27,256

0

1,744

14,223

97,497

9,750

22,749

31,547

-26,364

871

0

75%

1994

Dry

127,460

0

12,422

23,182

0

1,744

11,638

114,289

11,429

26,667

20,132

-20,279

931

0

75%

1995

Wet

109,965

0

44,280

5,370

0

1,744

25,956

87,808

8,781

20,489

28,569

-18,670

8,425

0

75%

1996

Wet

111,768

0

35,260

19,108

0

1,744

20,384

99,465

9,946

23,208

35,536

-27,487

6,828

0

75%

1997

Dry

136,594

0

6,652

9,640

0

1,744

8,173

110,984

11,098

25,896

15,441

-17,082

119

0

75%

1998

Wet

87,997

0

23,688

4,000

0

1,744

16,788

59,354

18,685

15,702

30,324

-24,441

1,016

0

63%

1999

Wet

108,287

0

8,275

16,757

0

1,744

8,375

95,091

11,411

20,286

18,619

-18,874

155

0

75%

2000

Wet

106,418

0

20,223

8,074

0

1,744

13,555

87,177

11,333

17,726

24,165

-18,460

963

0

75%

2001

Wet

115,176

0

12,562

129

0

1,744

9,538

87,786

12,290

16,972

20,733

-18,885

1,176

0

75%

2002

Dry

112,224

0

7,451

12,632

0

1,744

7,310

94,949

14,242

17,407

15,705

-15,721

158

0

75%

2003

Dry

79,015

0

20,290

25,948

0

1,744

11,020

80,030

12,805

13,872

24,913

-17,088

1,445

0

75%

2004

Wet

122,461

1,006

9,984

4,000

0

1,744

8,266

88,159

24,254

16,797

19,598

-18,858

978

0

75%

2005

Wet

98,255

1,000

13,892

4,000

0

1,744

10,234

75,807

15,542

13,650

24,426

-21,035

267

0

72%

2006

Wet

89,163

737

25,754

4,000

0

1,744

16,679

67,897

15,313

12,434

25,828

-18,007

1,253

0

71%

2007

Dry

117,744

735

11,032

4,000

0

1,797

6,699

80,604

27,516

16,156

14,458

-10,570

445

0

65%

2008

Dry

124,908

822

6,885

4,000

0

2,136

8,144

96,469

18,254

17,143

21,305

-23,030

467

0

73%

2009

Wet

105,161

761

15,032

4,000

0

1,432

10,349

85,490

11,387

14,476

23,566

-19,932

1,049

0

77%

2010

Dry

100,953

768

18,535

4,000

0

1,506

10,994

73,320

19,967

13,940

25,855

-19,046

732

0

68%

2011

Wet

96,833

773

36,594

4,000

0

1,441

20,883

60,493

29,158

13,396

29,619

-18,374

4,465

0

59%

2012

Wet

111,837

927

21,054

4,000

0

1,570

10,859

81,603

21,347

15,383

17,037

-9,241

2,398

0

69%

2013

Dry

133,185

1,100

7,837

4,000

0

2,366

6,635

83,162

39,205

18,285

13,200

-12,317

319

0

59%

2014

Wet

104,687

997

15,038

4,000

0

1,450

7,461

91,906

4,780

14,447

18,667

-11,708

619

0

83%

Minimum

79,015

0

6,652

129

0

1,432

6,635

59,354

4,780

12,434

13,200

-27,487

119

0

59%

Maximum

136,594

1,100

44,280

48,624

0

2,366

25,956

114,289

39,205

26,667

35,536

-9,241

8,425

0

83%

Wet Year Average

103,240

388

22,721

11,853

0

1,676

14,137

85,374

14,001

17,780

25,044

-18,809

2,349

0

73%

Dry Year Average

116,510

428

11,388

10,925

0

1,848

8,827

91,726

19,315

18,671

18,876

-16,892

577

0

71%

Overall Average

107,663

401

18,943

11,544

0

1,733

12,367

87,491

15,772

18,077

22,988

-18,170

1,758

0

72%

* Drainwater Consumptive Use Fraction calculated as Crop ET of Applied Water/(Farm Deliveries + Direct Deliveries + Private Groundwater Reuse)
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Table 5-13. Drainage System Irrigation Season Water Balance.
Inflows

Year
1991

Spring
Rainfall
Year Type
Wet

Spillage
11,379

Tailwater
21,549

Tilewater
0

Precipitation
50

1992

Wet

11,379

25,222

0

1993

Wet

11,379

22,749

1994

Dry

11,379

1995

Wet

1996

Outflows

Interception
0

Deliveries to
Maine Prairie
(DC)*
1,461

Deliveries to
Maine Prairie
(DS)**
4,755

Runoff of
Precipitation
4,518

Putah South
Canal
Spillage
0

Drainwater
Reuse
649

Drainwater
Reuse
1,744

Drainwater
Outflow
36,501

Evaporation
296

Riparian
ET
0

Seepage
4,523

Deliveries to
Maine Prairie
5,997

30

0

1,461

4,755

2,601

0

649

1,744

38,236

297

0

4,523

5,997

0

26

0

1,461

4,755

871

0

649

1,744

34,040

286

0

4,523

5,997

26,667

0

14

0

1,461

4,755

931

0

649

1,744

38,004

289

0

4,523

5,997

11,379

20,489

0

56

0

1,461

4,755

8,425

0

649

1,744

39,376

274

0

4,523

5,997

Wet

11,379

23,208

0

41

0

1,461

4,755

6,828

0

649

1,744

40,462

296

0

4,523

5,997

1997

Dry

11,379

25,896

0

9

0

1,461

4,755

119

0

649

1,744

36,396

309

0

4,523

5,997

1998

Wet

11,379

15,702

0

36

0

1,461

4,755

1,016

0

649

1,744

27,184

250

0

4,523

5,997

1999

Wet

11,379

20,286

0

11

0

1,461

4,755

155

0

649

1,744

30,846

286

0

4,523

5,997

2000

Wet

11,726

17,726

0

28

0

1,461

4,755

963

0

649

1,744

29,461

284

0

4,523

5,997

2001

Wet

12,265

16,972

0

20

0

1,245

3,976

1,176

0

649

1,744

28,433

306

0

4,523

4,438

2002

Dry

11,660

17,407

0

11

0

1,358

3,550

158

0

649

1,744

26,929

301

0

4,523

4,172

2003

Dry

11,209

13,872

0

31

0

2,477

5,659

1,445

0

649

1,744

27,488

290

0

4,523

6,915

2004

Wet

10,338

16,797

0

8

0

1,181

5,638

978

0

649

1,744

28,259

283

0

4,006

5,796

2005

Wet

11,075

13,650

0

9

0

1,415

4,953

267

0

649

1,744

24,767

258

0

3,950

5,412

2006

Wet

9,293

12,434

0

1

0

761

5,262

1,253

0

649

1,744

22,834

251

0

3,526

5,119

2007

Dry

9,454

16,156

0

18

0

1,623

7,737

445

0

366

1,797

29,065

271

0

3,932

7,956

2008

Dry

9,935

17,143

0

7

0

2,209

10,786

467

0

545

2,136

33,515

289

0

4,061

11,046

2009

Wet

9,159

14,476

0

14

0

2,043

10,488

1,049

0

830

1,432

30,875

270

0

3,821

10,651

2010

Dry

9,982

13,940

0

23

0

1,163

9,154

732

0

753

1,506

28,473

257

0

4,006

8,770

2011

Wet

9,319

13,396

0

60

0

782

6,819

4,465

0

556

1,441

28,058

264

0

4,523

6,460

2012

Wet

8,437

15,383

0

35

0

933

9,413

2,398

0

857

1,570

29,398

288

0

4,486

8,793

2013

Dry

8,304

18,285

0

14

0

1,026

10,952

319

0

931

2,366

30,940

306

0

4,357

10,181

2014

Wet

7,629

14,447

0

23

0

2,935

13,930

619

0

535

1,450

32,941

300

0

4,357

14,335

Minimum

7,629

12,434

0

1

0

761

3,550

119

0

366

1,432

22,834

250

0

3,526

4,172

Maximum

12,265

26,667

0

60

0

2,935

13,930

8,425

0

931

2,366

40,462

309

0

4,523

14,335

Wet Year Average

10,556

17,780

0

28

0

1,436

6,157

2,349

0

660

1,676

31,354

281

0

4,336

6,811

Dry Year Average

10,413

18,671

0

16

0

1,597

7,169

577

0

649

1,848

31,351

289

0

4,306

7,629

Overall Average

10,508

18,077

0

24

0

1,490

6,494

1,758

0

657

1,733

31,353

283

0

4,326

7,084

* Deliveries to Main Prairie (DC) is water diverted from SID distribution canals.
** Deliveries to Main Prairie (DS) is water diverted directly from the Putah South Canal.
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SID Distribution Canals

Over the1991 to 2014 water balance period, district surface water deliveries from the Putah
South Canal ranged from 96,000 acre-feet to 152,000 acre-feet with a wet year average of
119,000 acre-feet and a dry year average of 133,000 acre-feet. The overall average during the
period of analysis was 123,000 acre-feet. Irrigation demands are greater in dry years due to a
longer irrigation season, less available stored precipitation in the root zone, and generally greater
atmospheric water demand (i.e., ETo).
District groundwater pumping ranges from 2,000 acre-feet to 10,000 acre-feet with an overall
average of 5,000 acre-feet from 1991 to 2014. Groundwater pumping does not vary by
hydrologic year type as the District has a relatively reliable surface water supply.
Outflows from the distribution canals include farm deliveries, M&I deliveries, and deliveries to
MPWD. Farm deliveries ranged from 79,000 to 137,000 acre-feet during the period of analysis
with a wet year average of 103,000 acre-feet, a dry year average of 117,000 acre-feet, and an
overall average of 108,000 acre-feet. M&I deliveries ranged from 1,500 to 8,000 acre-feet with
a wet year average of 3,000 acre-feet, a dry year average of 4,000 acre-feet, and an overall
average of 3,300 acre-feet. Deliveries to MPWD from the distribution system averaged
approximately 1,500 acre-feet per year.
Losses from the distribution canals include canal seepage, evaporation, and spillage. Seepage
ranged from 5,000 to 6,000 acre-feet between 1991 and 2014 with an average of 6,000 acre-feet
in wet years, dry years, and overall. Evaporation is approximately 300 acre-feet per year.
The Distribution Canal Efficiency ranged from 82 to 91 percent between 1991 and 2014. The
wet year, dry year, and overall averages efficiency were approximately 87 percent, indicating
that approximately 13 percent of the available water supply is lost to seepage, evaporation, and
spillage. Seepage losses provide beneficial groundwater recharge and are recoverable within the
basin. Spillage losses are likewise recoverable by down gradient water users. Losses to
evaporation are irrecoverable.
5.7.2

Irrigated Lands

Water supplies for irrigation include farm deliveries from the distribution canals, private
groundwater pumping, and drainwater reuse. Over the1991 to 2014 water balance period, farm
deliveries ranged from 79,000 to 137,000 acre-feet with a wet year average of 103,000 acre-feet,
a dry year average of 117,000 acre-feet, and an overall average of 108,000 acre-feet. Private
pumping ranged from 100 acre-feet to 49,000 acre-feet per year with a wet year average of
12,000 acre-feet, a dry year average of 11,000 acre-feet, and an overall average of 12,000 acrefeet. Again, private pumping that is similar in wet and dry years is indicative of the historical
reliability of SID deliveries. Farm deliveries are greater in dry years due to increased crop water
requirements resulting from a longer irrigation season, less storage of precipitation in the root
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zone, and increased atmospheric water demand (ETo). Drainwater reuse averaged 1,700 acrefeet from 1991 to 2014.
The irrigation supply is consumed by crops as evapotranspiration; or lost as deep percolation or
tailwater. Between 1991 and 2014, crop evapotranspiration of applied irrigation water (ETaw)
ranged from 59,000 to 114,000 acre-feet with a wet year average of 85,000 acre-feet, a dry year
average of 92,000 acre-feet, and an overall average of 87,000 acre-feet. As discussed previously,
crop ET of applied water is greater in dry years due to increased crop water requirements
resulting from a longer irrigation season, less storage of precipitation in the root zone, and
increased atmospheric water demand (ETo). Deep percolation of applied water ranged from
5,000 to 39,000 acre-feet per year with a wet year average of 14,000 acre-feet, a dry year average
of 19,000 acre-feet, and an overall average of 16,000 acre-feet. Tailwater is approximately
18,000 acre-feet per year, which is available for use by MPWD downstream.
The objective of irrigation is to meet crop consumptive demand (ETaw), along with any other
agronomic on-farm water needs. Comparing ETaw to total applied irrigation water, a Crop
Consumptive Use Fraction (CCUF) may be calculated to provide an indicator of on-farm
irrigation performance. The CCUF is calculated on an irrigation season basis by dividing total
ETaw by total applied irrigation water. For SID, the CCUF ranged from 0.59 to 0.83 between
1991 and 2014 with an average of 0.72. The CCUF has been similar in wet and dry years due to
SID’s reliable surface water supply that even in most dry years provides a full allocation.
5.7.3

Drainage System

Inflows into the drainage system include: distribution canal spillage, tailwater from irrigated
lands, deliveries to Maine Prairie, and runoff of precipitation. From 1991 through 2014 spillage
ranged from 8,000 acre-feet to 12,000 acre-feet, averaging 10,500 acre-feet. Spillage does not
vary between wet and dry years. On-farm tailwater ranged from 12,000 acre-feet to 27,000 acrefeet, averaging 18,000 acre-feet across the study period. Tailwater does not differ significantly
between wet and dry years. Total deliveries to MPWD averaged 8,000 acre-feet from 1991 to
2014. Runoff of precipitation averaged 2,400 acre-feet and 600 acre-feet in wet and dry years,
respectively.
Significant outflows from the drainage system include: drainwater outflow, seepage, and
deliveries to MPWD. From 1991 to 2014 drainwater outflow averaged 31,400 acre-feet.
Drainwater outflow is available for use by MPWD. Seepage and deliveries to MPWD averaged
4,300 acre-feet and 8,000 acre-feet, respectively.
5.8 WATER SUPPLY RELIABILITY
SID requires a reliable water supply to meet crop irrigation and M&I demands. The primary
crops grown are pasture/hay, annual crops, and trees/vines averaging 15,000 acres; 12,000 acres;
and 10,000 acres; respectively. Tree/vines area continues to increase as more growers are
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transitioning to high priced commodities, such as almonds and grapes. Meanwhile the
surrounding cities are growing, thus municipal water demands are also expected to increase. SID
works proactively to secure water supplies for agriculture and M&I use as competition for the
limited water supply increases. SID’s water supply is considered very reliable as discussed in
detail previously in Section 4.
.
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6. CLIMATE CHANGE
6.1 INTRODUCTION
Climate change has the potential to directly impact the District’s surface water supply and to
indirectly impact groundwater supplies. SID is committed to adapting to climate change in a
manner that protects the water resources for the maximum benefit while continuing to maintain a
reliable, affording, high quality water supply for agriculture. This chapter includes a discussion
of the potential effects of climate change on the District and its water supply, followed by a
description of the resulting potential impacts on water supply, water quality, and water demand.
Finally, actions currently underway or that could be implemented to help mitigate future impacts
are identified.
6.2 POTENTIAL CLIMATE CHANGE EFFECTS
Several potential effects of climate change have been identified by the scientific community,
including reduced winter snowpack, more variable and extreme weather conditions, shorter
winters, and increased evaporative demand. Additionally, climate change could affect water
quality through increased flooding and erosion; greater concentration of contaminants, if any, in
the water supply; and warmer water which could lead to increased growth of algae and other
aquatic plants. Rising sea level and increased flooding are also potential effects of climate
change. The source of the SID water supply, Putah Creek watershed, is located in the coastal
range and thus, reduced snowpack and related runoff timing issues will not impact SID water
supply. Also, the SID service area is not located in the Sacramento-San Joaquin River Delta and
thus, will not be affected by rising sea levels and the related flooding and salinity effects. Thus,
this discussion of climate change focuses on climate change effects and impacts related to the
District’s water demand and does not discuss potential effects of reduced winter snowpack,
changes in precipitation patterns and rising sea level.
6.2.1

Sources of Information Describing Potential Climate Change Effects

Results of the study West-Wide Climate Risk Assessment: Irrigation Demand and Reservoir
Evaporation Projections (USBR 2015) developed by the USBR are presented to evaluate the
potential effects of climate change on crop evapotranspiration (ET) and irrigation water
requirements.
6.2.2

Summary of Potential Climate Change Effects

Changes in Crop Evapotranspiration. Climate change has the potential to affect crop
evapotranspiration and resulting irrigation water demands within the District. Changes in
precipitation, temperature, and atmospheric CO2 affect crop evapotranspiration (ET) and net
irrigation water requirements (NIWR). Global climate models (GCMs) have been used to
project future climate change and impacts on crop water demands. In particular, the Bureau of

Public Review Draft

6-1

January 2016

2015 SID
AGRICULTURAL WATER
MANAGEMENT PLAN

CLIMATE
CHANGE

Reclamation released a report entitled West-Wide Climate Risk Assessment (WWCRA):
Irrigation Demand and Reservoir Evaporation Projections in February 2015 (USBR 2015). The
study uses climate change projections to calculate future ET and NIWR throughout the Western
U.S., including California’s Central Valley. Projections for the Central Valley were developed
for DWR planning units used to evaluate statewide water supplies and demands as part of the
California Water Plan. The majority of SID’s service area falls within Planning Unit 509
(PU509). This section describes potential effects on crop ET for PU509 based on the 2015 study,
while impacts on NIWR are described in Section 6.4, below.
The Bureau of Reclamation’s study utilizes future climate projections from GCMs to simulate
crop evapotranspiration under climate change and to estimate resulting net irrigation
requirements. The specific dataset selected for predicting future irrigation demands was the
World Climate Research Program (WCRP) Coupled Model Intercomparison Project Phase 3
(CMIP3). Original GCM projections are developed at a spatial resolution of 100 to 250 km. In
order to develop data on a usable scale to support local and regional planning, CMIP3
projections were downscaled to 12 km square sections using the statistical algorithm known as
bias comparison and spatial disaggregation (BCSD). One hundred and twelve BCSD-CMIP3
projections were created based on combinations of GCM and potential future greenhouse gas
emission scenarios.
Crop ET and NIWR were estimated using a model simulating crop growth and irrigation
demands over time under baseline and modified climate scenarios. Specifically, the ET
Demands model, a daily root zone water balance simulation applying the FAO56 dual crop
coefficient approach, was used to estimate crop ET and NIWR. Reference ET was calculated
based on climate projections for each of the five modeled climate scenarios using the FAO-56
reference ET approach. The GCMs climatic projections were limited to daily maximum and
minimum temperature and daily precipitation. Other climate parameters needed to estimate
reference ET, such as solar radiation, humidity, and wind speed, were approximated for baseline
and future time periods using empirical equations (USBR 2015). In order to evaluate potential
impacts of changes in temperature on the timing of crop growth and overall season length,
simulations were conducted assuming both static and dynamic crop phenology. To simulate
dynamic phenology, growing degree day (GDD) based crop curves were used. By incorporating
GDD based crop curves into the analysis, projected changes in temperature influence the timing
and speed of crop growth. Increased temperatures result in earlier, shorter growing seasons for
annual crops. Crop evapotranspiration is projected to increase in areas where perennial crops are
grown and smaller increases are projected for areas where annual crops are grown.
Potentially, each of the 112 climate projections could be simulated in the ET Demands model to
develop projections of future ET and NIWR; however, due to the wide variety of crop types and
agricultural practices in the West this would create enormous computation and data handling
requirements. Instead, five different climate change scenarios were created using the ensemble-
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informed hybrid delta method. Future conditions of warm-dry, warm-wet, hot-dry, hot-wet and
central tendency were used. Three future periods for these five conditions were selected to
project climate change effects and impacts, including the 2020’s (2010-2039), 2050’s (20402069) and 2080’s (2070-2099).
Average air temperature in PU509 is projected to increase for each of the five scenarios for each
future period as shown in Figure 6-1. Projected temperature increases range from 1.2 to 2.5 deg.
F during the 2020’s period, 2.7 to 4.5 deg. F during the 2050’s period, and 3.9 to 6.8 deg. F
during the 2080’s period.

Figure 6-1. WWCRA Projected Temperature Change.

Potential changes in precipitation resulting from climate change are relatively uncertain for
California’s Central Valley due to uncertainty in the future position of the jet stream. As a result,
some GCMs and emission scenario combinations predict increased precipitation under climate
change, while other combinations predict decreased precipitation. Percent changes in projected
average annual precipitation for PU509 are shown in Figure 6-2. Under wetter conditions
increases in precipitation of 6.9 to 12.8 percent between the 2020’s and the 2080’s are predicted,
while under drier conditions, decreases in precipitation of 6.3 to 13.7 percent between the 2020’s
and the 2080’s are predicted. The central tendency results in a predicted slight decrease in
precipitation of 0.1 to 0.6 percent between the 2020’s and the 2080’s.
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Figure 6-2. WWCRA Projected Precipitation Change.

From the projected temperature and precipitation results, WWCRA modeled projected reference
ET and actual ET estimates. The results are shown below in Figures 6-3 and 6-4, respectively.
Reference ET is expected to increase while actual ET is expected to decrease. Projected
reference ET increases range from 1.8 to 3.6 percent during the 2020’s period, 3.9 to 6.5 percent
during the 2050’s period, and 5.5 to 9.9 percent during the 2080’s period. Projected actual ET
changes range from -0.1 to -0.8 percent during the 2020’s period, -0.6 to -1.9 percent during the
2050’s period, and -1.2 to -3.3 percent during the 2080’s period. Reference ET is expected to
increase as actual ET is expected to decrease due to changes in phenology of annual crops,
discussed in the following paragraph.

Figure 6-3. WWCRA Projected Reference ET Change.
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Figure 6-4. WWCRA Projected ET Change Assuming Non-Static Phenology.

Projected actual ET estimates assume non-static phenology for annual crops rather than static
phenology. Non-static phenology is believed to be more accurate as plant growth depends
heavily on temperature. With temperature expecting to increase, crop growing seasons are
expected to be shorter, which is accounted for in non-static phenology by using growing degree
days. There is less projected impact on actual ET with non-static phenology than when static
phenology is assumed. If static crop phenology is assumed, percent changes in actual ET would
be similar to the projected changes in reference ET. Reference ET is expected to increase
significantly more due to the projected temperature increases.
6.3 POTENTIAL IMPACTS ON WATER SUPPLY AND WATER QUALITY
Changes in precipitation and the resulting total runoff have the potential to impact surface water
supply in the future if sufficient storage is not available to retain winter runoff until it is needed
to meet irrigation demands and to provide additional carryover storage from wet years to dry
years. The District’s flexibility in storing and delivering water is constrained by several factors
including but not limited to runoff in the watershed, available storage in reservoir, and minimum
instream flow requirements. Additionally, reduced total inflows to Lake Berryessa in the future
would increase the probability that total surface water supplies would be less than that required
to meet agricultural, environmental, and other demands on the River.
Increased erosion and turbidity under climate change, if it occurred, would likely not
significantly affect the water quality for agricultural irrigation. Additionally, there are no known
contaminants that could be concentrated to levels that would affect agricultural irrigation if
spring runoff were to decrease, particularly due to the dilution of such contaminants in reservoirs
upstream of the District’s service areas. Increased water temperature could result in additional
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challenges to the District in controlling aquatic plants in its distribution system to maintain
capacity, to the extent that the increase is great enough to result in substantially increased plant
growth. Increased turbidity and algae growth, if substantial, could pose challenges to filtering
surface water for micro-irrigation of orchard crops.
6.4 POTENTIAL IMPACTS ON WATER DEMAND
The West-Wide Climate Risk Assessment, showed crop ET is expected to increase under most
conditions, as discussed previously, due to effects of climate change, such as temperature
increase and other climate factors (USBR 2015). Net irrigation water requirements (NIWR) are
expected to increase, but not in all climate scenarios presented in the USBR report, shown in
Figure 6-5. Changes in precipitation timing and amounts could result in greater or lesser
irrigation requirements to meet ET demands. Changes in the timing of crop planting,
development, and harvest could also result in changes to the timing of irrigation demands during
the year; all impacting the NIWR. Projected NIWR increases range from -0.9 to 1.5 percent
during the 2020’s period, -1.6 to 1.1 percent during the 2050’s period, and -3.3 to 0.6 percent
during the 2080’s period. Projected NIWR are based on non-static crop phenology for annual
crops.

Figure 6-5. WWCRA Projected Net Irrigation Water Requirement Change Assuming
Non-Static Phenology.
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When interpreting results, several uncertainties must be accounted for. Estimating the effects of
CO2 on irrigation demand requires the use of physiological crop growth models and was not
included in the WWCRA. In general, increased atmospheric CO2 is expected to reduce stomatal
conductance and transpiration, which would lead to reduced ET, all else equal. Changes in the
types of crop grown, irrigated area, and irrigation efficiencies also affect the amount of irrigation
water requirements. For further information, please refer to the West-Wide Climate Risk
Assessment: Irrigation Demand and Reservoir Evaporation Projections (USBR 2015).
6.5 STRATEGIES TO MITIGATE CLIMATE CHANGE IMPACTS
Although there is consensus that climate change is occurring, and the effects of climate change
are being observed, the timing and magnitude of climate change impacts remains uncertain. The
District will mitigate climate change impacts with this uncertainty in mind through an adaptive
management approach in cooperation with other regional stakeholders, municipalities within the
District, and neighboring water management agencies. Under adaptive management, key
uncertainties will be identified and evaluated (e.g., April – July runoff as a percentage of annual
runoff, total runoff, average temperature, and reference evapotranspiration), and strategies will
be developed to address the related climate change impacts. As the actual impacts occur, the
strategies will be prioritized, modified as needed, and implemented.
Several strategies for agricultural water providers and other water resources entities to mitigate
climate change impacts have been identified (DWR 2008, CDM 2011). These strategies include
those included as part of the California Water Plan 2009 and 2013 Updates (DWR 2010a and
2014) as well as strategies identified as part of the California Climate Adaptation Strategy
(CNRA 2009). Many of these strategies applicable to agricultural water providers are already
being implemented by SID in some form to meet local and regional water management
objectives and will continue to serve the District well as climate change impacts occur.
Resource strategies that are being implemented or could be implemented by SID to adapt to
climate change are summarized in Table 6-1.
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Table 6-1. Strategies to Mitigate Climate Change Impacts.
Source

Strategy
Reduce water
demand
Improve operational
efficiency and
transfers
Increase water
supply

California
Water Plan
(DWR
2010a and
2014)

Improve water
quality
Practice resource
stewardship

Improve flood
management

Other strategies

California
Climate
Adaptation
Strategy
(CNRA
2009)

Aggressively
increase water use
efficiency
Practice and
promote integrated
flood management
Enhance and sustain
ecosystems
Expand water
storage and
conjunctive
management
Fix Delta water
supply
Preserve, upgrade,
and increase
monitoring, data
analysis, and
management
Plan for and adapt to
sea level rise
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Status
The District is implementing its strategic plan and all technically feasible,
locally cost-effective EWMPs identified by SBx7-7 to achieve water use
efficiency improvements in District operations and to encourage water
management improvements by the member units.
As described above and elsewhere in this AWMP, the District is
implementing improvements to increase operational efficiency of its
irrigation facilities.
SID has increased available water supply through recycling and reuse of
drainage water. In the future, the District will seek additional opportunities
to increase available water supply, including consideration of opportunities
to increase available groundwater supply and pumping capacity while
sustainably managing the underlying groundwater basins.
SID will continue to monitor groundwater quality and surface water quality.
SID intrinsically supports the stewardship of agricultural lands within and
surrounding its service area through its irrigation operations and resulting
groundwater recharge. The District works to maintain agricultural water
supply as well as meet municipal and industrial water use for surrounding
areas.
Irrigation and drainage systems provide a passive system to collect and
convey winter runoff. If runoff characteristics change substantially within
the District in the future, modifications to the irrigation and/or drainage
system to increase capacity or mitigate other impacts will be considered in
cooperation with SCWA
Other strategies include crop idling, irrigated land retirement, and rainfed
agriculture. Under severely reduced water supplies, the District could
consider these strategies. Such actions are beyond the purview of SID, and
it is anticipated that climate change impacts will be mitigated through the
other strategies described.
Described above under "Reduced water demand" and "Improve operational
efficiency and transfers."
Described above under "Improve flood management."
Described above under "Enhance and sustain ecosystems."

Described above under "Increase water supply."

Not applicable to the District.
The amount of information and analysis available to support the District's
water management is extensive and continues to increase substantially. For
example, SID staff monitors the quantity and quality of water in the
distribution system on a real-time basis to support operations and
conjunctive management. Additionally, SID’s water balance analysis is
updated regularly to inform near- and long-term water management
decisions.
Projections indicate that sea levels could rise by 2 to 5 feet by 2100. Direct
impacts on the District are not anticipated.
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6.6 ADDITIONAL RESOURCES FOR WATER RESOURCES PLANNING FOR
CLIMATE CHANGE
Much work has been done at State and regional levels to evaluate the effects and impacts of
climate change and to develop strategies to support effective statewide, regional, and local water
management in the future. The following resources provide additional information describing
water resources planning for climate change:


















Progress on Incorporating Climate Change into Planning and Management of California’s
Water Resources. California Department of Water Resources Technical Memorandum.
July 2006. (DWR 2006)
Climate Change and Water. Intergovernmental Panel on Climate Change. June 2008.
(IPCC 2008)
Managing An Uncertain Future: Climate Change Adaptation Strategies for California’s
Water. California Department of Water Resources Report. October 2008. (DWR 2008)
2009 California Climate Change Adaptation Strategy. California Natural Resources
Agency Report to the Governor. December 2009. (CNRA 2009)
Climate Change and Water Resources Management: A Federal Perspective. U.S.
Geological Survey. (USGS 2009)
Managing an Uncertain Future. California Water Plan Update 2009. Volume 1, Chapter
5. March 2010. (DWR 2010a)
Climate Change Characterization and Analysis in California Water Resources Planning
Studies. California Department of Water Resources Final Report. December 2010.
(DWR 2010b)
Climate Change Handbook for Regional Water Planning.
Prepared for U.S.
Environmental Protection Agency and California Department of Water Resources by
CDM. November 2011. (CDM 2011)
Climate Action Plan—Phase 1: Greenhouse Gas Emissions Reduction Plan. California
Department of Water Resources. May 2012. (DWR 2012) Climate Change and
Integrated Regional Water Management in California: A Preliminary Assessment of
Regional Perspectives. Department of Environmental Science, Policy and Management.
University of California at Berkeley. June 2012. (UCB 2012)
Managing an Uncertain Future. California Water Plan Update 2013. Volume 1, Chapter
5. October 2014. (DWR 2014)
U.S. Bureau of Reclamation (Reclamation). 2015. West-Wide Climate Risk Assessments:
Irrigation Demand and Reservoir Evaporation Projections. Technical Memorandum No.
86-68210-2014-01.
Available at http://www.usbr.gov/watersmart/wcra/index.html.
(USBR 2015)
California Climate Adaption Planning Guide. 2012. California Natural Resources
Agency. Available at http://resources.ca.gov/climate/.
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Perspectives and Guidance for Climate Change Analysis. August 2015. California
Department of Water Resources Climate Change Technical Advisory Group.
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7. EFFICIENT WATER MANAGEMENT PRACTICES
7.1 INTRODUCTION
This section describes the actions that SID has taken and is planning to take to meet its water
management objectives and improve water use efficiency. These actions are organized with
respect to the Best Management Practices (BMPs) listed in the USBR 2014 Criteria for Water
Management Planning and the Efficient Water Management Practices (EWMPs) described in
California Water Code (CWC) §10608.48 (listed previously in Section 1.2). The Criteria define
five BMPs as critical, meaning they must be implemented. The remaining BMPs are considered
to be exemptible if they are not locally cost effective. The CWC lists two types of EWMPs:
those that are critical (i.e., mandatory) for all agricultural water suppliers subject to the CWC and
those that are mandatory if found to be technically feasible and locally cost effective (i.e.,
conditional).
Two EWMPs mandatory for all water suppliers are included in the CWC. These include
measurement of the volume of water delivered to customers with sufficient accuracy for
aggregate reporting and adoption of a pricing structure based at least in part on the quantity
delivered. SID has implemented the delivery measurement accuracy EWMP as described in
Attachment A. SID has implemented volumetric pricing since the District water deliveries
commenced in 1959.
Both of the aforementioned EWMPs are also critical BMPs. Designating a water conservation
coordinator, providing or supporting the availability of water management services and
evaluating and improving the efficiencies of contractor’s pumps are the other three BMPs that
are considered critical and have been implemented by SID.
SID has been implementing and plans to continue implementing all additional EWMPs that are
technically feasible and locally cost effective. Table 7-1 describes each BMP and EWMP and
summarizes SID’s implementation status.
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Table 7-1. Summary of BMPs/EWMPs Critical and Mandatory and to be Implemented if Locally Cost Effective and Technically Feasible
(2014 Criteria and Water Code Section 10608.48.c.)
Water Code
Reference No.

USBR 2014
Criteria
Critical
BMP 1
Critical
BMP 2
Critical
BMP 3
Critical
BMP 4
Critical
BMP 5

BMP/EWMP Description
Critical (i.e., Mandatory) Efficient Water Management Practices

Implementation
Status

10608.48.b(1)
Mandatory

Measure the volume of water delivered to customers with sufficient accuracy.

10608.48.c(11)

Designate a water conservation coordinator who will develop and implement the water
management plan and prepare progress report.

10608.48.c(12)

Provide for the availability of water management services to water users.

Being
Implemented

10608.48.b(2)
Mandatory

Adopt a pricing structure based at least in part on quantity delivered.

Implemented

10608.48.c(14)

Evaluate and improve the efficiencies of the supplier's pumps.

Being
Implemented

Additional (i.e., Conditional) Efficient Water Management Practices
Facilitate alternative land use for lands with exceptionally high water duties or whose
irrigation contributes to significant problems, including drainage.

Being
Implemented
Being
Implemented

Exemptible
BMP 1

10608.48.c(1)

Exemptible
BMP 2

10608.48.c(2)

Facilitate use of available recycled water that otherwise would not be used beneficially,
meets all health and safety criteria, and does not harm crops or soils.

Being
Implemented

Exemptible
BMP 3

10608.48.c(3)

Facilitate financing of capital improvements for on-farm irrigation systems.

Being
Implemented

10608.48.c(4)

Implement an incentive pricing structure that promotes one or more of the following
goals: (A) More efficient water use at farm level, (B) Conjunctive use of groundwater,
(C) Appropriate increase of groundwater recharge, (D) Reduction in problem drainage,
(E) Improved management of environmental resources, (F) Effective management of all
water sources throughout the year by adjusting seasonal pricing structures based on
current conditions.

Being
Implemented

Exemptible
BMP 4
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Water Code
Reference No.

BMP/EWMP Description

Implementation
Status

Exemptible
BMP 5

10608.48.c(5)

Expand line or pipe distribution systems, and construct regulatory reservoirs to increase
distribution system flexibility and capacity, decrease maintenance and reduce seepage.

Being
Implemented

Exemptible
BMP 6

10608.48.c(6)

Increase flexibility in water ordering by, and delivery to, water customers within
operational limits.

Being
Implemented

Exemptible
BMP 7

10608.48.c(7)

Construct and operate supplier spill and tailwater recovery systems.

Being
Implemented

Exemptible
BMP 8

N/A

Plan to measure outflow.

Being
Implemented

Exemptible
BMP 9

10608.48.c(8)

Increase planned conjunctive use of surface water and groundwater within the supplier
service area.

Being
Implemented

Exemptible
BMP 10

10608.48.c(9)

Automate canal control structures.

Being
Implemented

Exemptible
BMP 11

10608.48.c(10)

Facilitate or promote customer pump testing and evaluation.

Being
Implemented

Exemptible
BMP 12

N/A

Mapping

Being
Implemented

N/A

10608.48.c(13)

Evaluate the policies of agencies that provide the supplier with water to identify the
potential for institutional changes to allow more flexible water deliveries and storage.

Being
Implemented
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7.2 MANDATORY EWMPS AND CRITICAL BMPS
Two mandatory EWMPs are included in the five critical BMPs that are required for all federal
water suppliers. Three of the critical BMPs are exemptible EWMPs based on DWR guidelines.
The five critical BMPs are:
1. Measure the volume of water delivered to customers with sufficient accuracy for
aggregate reporting (also a mandatory EWMP).
2. Designate a water conservation coordinator (exemptible EWMP based on DWR
requirements).
3. Provide or support for availability of water management services (exemptible EWMP
based on DWR requirements).
4. Adopt a pricing structure based at least in part on the quantity delivered (also a
mandatory EWMP).
5. Evaluate and improve efficiencies of contractor's pumps/evaluate and improve the
efficiencies of the supplier’s pumps (exemptible EWMP based on DWR requirements).
SID is implementing all federal, critical BMPs which include the two mandatory EWMPs. Each
one is discussed in greater detail in the following sections.
7.2.1

Delivery Measurement Accuracy (Critical BMP 1 and 10608.48.b(1))

STATUS: IMPLEMENTING
SID is implementing the delivery measurement BMP and EWMP to comply with the agricultural
water delivery measurement regulation as described in the California Code of Regulations Title
23 Division 2 Chapter 5.1 Article 2 Section 597 (23 CCR §597). As described in the District’s
current USBR WMP approved in February 2010, all the District turnouts satisfy the measuring
standards set by the USBR. The USBR standard of six percent accuracy is within the twelve
percent accuracy required for existing water delivery measurement structures by 23 CCR §597.
To maintain this high standard of delivery measurement, the District routinely replaces metering
devices with more accurate and technologically advanced meters. The District allocates between
$35,000 and $50,000 per year for agricultural meter replacement. Some of the funds are used for
the annual rebuilding of open-flow meters and replacing troublesome cable driven propeller
meters with direct or magnetic drive meters. In addition, as pipelines are replaced, each service is
replaced with a properly sized and configured meter for that parcel.
SID delivers water for production agricultural through about 1,240 turnouts (Table 7-2).
Totalizing meters are installed at 781, or 63 percent, of these deliveries with the remaining 459,
or 37 percent, measured by flow through metergates (Figure 7-1). SID also delivers water to an
additional 553 flat rate accounts that are irrigating landscaping or gardens for self-consumption.
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Propeller
Turbine Meter
Magnetic
Sub Total
Flow Rate Meters
Meter Gate
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Total
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Table 7-2. Turnouts by Meter Type.
Percent of
Accuracy Source
Quantity meters
612
147
22
781

78% +/- 2%
19% +/- 2%
3% +/- 1%
63%

459
459
1240

100% +/- 5%
37%

Seventy-eight percent of the totalizing meters are
propeller meters (Figure 7-2). These meters are
laboratory certified by the manufacturer to be
accurate within plus or minus two percent of the
actual value. Nineteen percent of the totalizing
meters are turbine meters that the manufacturer
certified in the laboratory to be accurate within plus
or minus two percent. The remaining three percent
of the totalizing meters are magnetic flow meters,
laboratory certified to be within plus or minus one
percent. SID is replacing propeller and turbine
meters with magnetic meters, where practical, over
time.

Water Specialties (2015)
Hersey MVR (2015)
Seametrics AG2000 (2015)

ITRC (2015)

Figure 7-1. Two Metergates in SID.

The District provides a flatrate service based
on the parcel acreage to 553 customers with
small parcels (mostly less than five acres).
These are ranchette type parcels owned by
individuals whose purpose is landscaping or
growing self-consumed crops together
totaling about 2,100 acres. These parcels
average 3.8 acres and range between 1.0 and
10 acres, irrigating landscaping or gardens
Figure 7-2. Propeller Meter in SID.
for self-consumption and are served on a
rotational irrigation schedule. DWR’s Final Statement of Reasons dated 5/31/2012 states in
response G24: “Turnouts that serve parcels owned by individuals whose purpose is not
agricultural or farming, but rather landscaping or growing self-consumed crops are not subject to
this regulation.” Although DWR does not require delivery measurement to these parcels, the
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District will continue to monitor delivery measurement technology developments for cost
effective delivery measurement solutions for these parcels.
7.2.2

Designate Water Conservation Coordinator (Critical BMP 2 and 10608.48.c(11))

STATUS: IMPLEMENTING
The District has designated Paul Lum, Irrigation Specialist, as the District’s water conservation
coordinator to manage conservation activities, prepare five-year USBR WMPs, and implement
the Plans. SID will maintain an appropriate and responsible staff person in the position of water
conservation coordinator.
7.2.3

Provide for Availability of Water Management Services (Critical BMP 3 and
10608.48.c(12))

STATUS: IMPLEMENTING
SID is implementing this BMP/EWMP by
providing CIMIS and other weather data
and water management resources to
growers through the through the Solano
Agricultural
Water
Conservation
Committee (AWCC).
The committee
consists of staff from SID, Solano County
Water Agency, Maine Prairie Water
District, and Reclamation District 2068.
The AWCC contracts with Western
Weather Group, Inc. to maintain the
equipment, and produce the websites and
forecast. The program is highly regarded,
and is cited as an example Reclamation’s
2014 Water Management Planner for this
BMP.
Additionally, in 2008 the
installation of one of the stations was made
possible through a $6,000 USBR grant.

Figure 7-3. SID Weather Website
(http://www.westernwx.com/sid/SolanoWeeklyDat
a_css.htm)

SID owns a network of six weather stations
located within the District, and maintains
two CIMIS stations east of the District’s
boundary (Dixon and Hastings East). SID’s weather stations transmit real-time weather data
that can be accessed by phone hotline or website. There are three SID websites that post
weather data from the previous day; one of which provides an agricultural weather forecast
(Figure 7-3). The addresses for the three weather websites are:
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1. www.westernwx.com/sh_mob
2. www.westernwx.com/sid
3. www.westernweathergroup.com
The forecast displays data transmitted from each station and lists specific outlooks for different
areas of the county. The forecast also includes agricultural parameters that affect crop
production such as projections for evapotranspiration (ETo), wind, mildew stress, chilling hours,
and grape growing degree days. The cost for the forecast is $120.00/year, and is available by
email or website.
The primary purpose of the program is to provide growers with weather data and ETo rates for
use towards efficient irrigation scheduling. The AWCC recognizes that incorporating ETo in an
irrigation strategy improves on-farm beneficial water use, enhances water conservation, and
increases crop production. Irrigation evaluations are also available to growers through the
program. The program is a well-received service for its growers, with numerous farmers
utilizing the weather station data and forecast to guide their irrigation management.
Additionally, SID produces a newsletter periodically (Figure 7-4). The newsletter is produced
annually in February and it is sent to 800 growers across the county and also to many agency
staff. The next newsletter is expected to be published in February 2016. SID plans to continue
to provide links to CIMIS and other water management information on its website and support
the newsletter.
7.2.4

Volumetric Pricing (Critical BMP 4 and 10608.48.b(2))

STATUS: IMPLEMENTING
The District commissioned a Financial Plan and Water Rate Study, completed in 2015, that
provides a financial plan and cost of service analysis to support the District’s future water rates.
The study had several key objectives:






Revenue Sufficiency. Rates need to generate sufficient revenue to fund operating and
vehicle/equipment costs and maintain adequate reserves.
Fairness. Rates are designed so each customer class pays its proportionate share of the
required revenue in compliance with legal rate-making requirements.
Affordability. Rates need to be as affordable as possible while maintaining the District’s
sound financial position and credit rating.
Open Process. Rates are designed to be as simple as possible to facilitate customer
understanding and acceptance and allow for customer input.
Administrative Ease. Rates are designed to enable easy implementation and ongoing
administration, including monitoring and updating.
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Figure 7-4. The Irrigator Newsletter March 2015, Page 1.
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The District’s expenses and revenues were projected for the next five years. A cost of service
analysis was prepared and rates were designed to recover the cost of service from each customer
class. To cover the projected expenses and maintain a reasonable reserve, a 9.5 percent average
increase in water rates was found to be necessary over the next five years.
The District has eight rates for different types of agricultural water service. Water rates for 2015
are summarized in Table 7-3.
Table 7-3. 2015 Water Rates.
Agricultural Service
2015 Rates
Ag Water – Gravity ($/AF)
$27.07
Ag Water – Lifted ($/AF)
$45.11
Deepwell
$67.88
Stockwater (to 30 head) ($/yr)
$54.15
Stockwater (> 30 head) ($/yr)
$67.68
Rotational Delivery – Gravity ($/acre)
$86.64
Rotational Delivery – Lifted ($/acre)
$144.37
Lifted Lambert Lateral ($/AF)
$48.11

7.2.5

Evaluate and Improve Efficiencies of Supplier’s Pumps (Critical BMP 5 and
10608.48.c(14))

STATUS: IMPLEMENTING
SID maintains an active pump testing program to determine the operating efficiency of its
pumps. Groundwater and low lift pumps are routinely tested. During a test, measurements are
taken to determine flow rate, pumping lift, groundwater levels, discharge pressure, and energy
input to the pump. The tests are analyzed to prioritize repairs, replacements, and to develop
performance baselines. The annual budget for the pump rehabilitation and maintenance is
$65,000, and the annual budget for pump efficiency testing is $7,500. The testing program has
allowed staff to establish baseline performance standards for most of the District's pumps.
The District participates with the Advanced Pumping Efficiency Program (APEP) (formerly
known as the California Agricultural Pump Efficiency Program), a partnership between PG&E
and Fresno State. APEP provides rebates for pump tests, pump repairs, and holds workshops
for pump testers.
7.3 ADDITIONAL EWMPS
The USBR lists twelve additional, exemptible BMPs to meet the 2014 standard criteria for
WMPs. The CWC §10608.48.c requires agricultural water suppliers to implement 14 additional
EWMPs “if the measures are locally cost effective and technically feasible” those not previously
discussed under the mandatory, USBR BMPs will be discussed below.
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Alternative Land Use (BMP 1 and 10608.48.c(1))

STATUS: NOT TECHNICALLY FEASIBLE
The alternative land use BMP/EWMP is not technically feasible for SID because lands with
exceptionally high water duties or whose irrigation contributes to significant problems (required
conditions for considering this EWMP) are not found within the District boundaries. Although
facilitation of alternative land use is beyond SID's jurisdiction, SID actively prohibits the
wasteful use of water, as described throughout its Rules and Regulations. Some examples of the
SID Rules and Regulations prohibiting the wasteful use of water are listed below:
3028 - The operation of Private facilities is the sole responsibility of the owners and shall be
conducted in such a manner as to prevent the unnecessary waste of water and prevent damage to
third parties or injuries to persons or property.
4012 - Any Water User who wastes water on roads, vacant land, or land previously irrigated,
either willfully, carelessly, or on account of defective or inadequate conduits or facilities, or
inadequately prepared land, or who floods a portion of the land to an unreasonable depth or
amount in order to irrigate other portions, or floods across one parcel to irrigate another parcel,
may be refused District water until such conditions are remedied.
5005 - No Water Users shall receive or be entitled to a greater amount of water than can be
reasonably and beneficially used without waste.
5011 - Water deliveries shall be made on the basis of continuous and steady use of water during
all days and nights, including holidays and Sundays. It shall be incumbent upon the Water User
to fully utilize water during the allotted time and to relinquish the water at the end of the
scheduled time period unless otherwise approved by the Watertender. In order to prevent the
waste of water, canal overtopping and canal breaks, it is mandatory that every Water User notify
the Watertender if the irrigation event must be discontinued prior to the scheduled time.
The cited rules above may not be exhaustive (see also 4009). The complete SID Rules and
Regulations are included in Attachment B.
7.3.2

Recycled Water Use (BMP 2 and 10608.48.c(2))

STATUS: IMPLEMENTING
The city of Fairfield provides treated wastewater to irrigated lands within the SID service area,
partially offsetting SID irrigation demands. SID continues to work with the cities within its
service area to gain access to recycled water for agricultural needs.
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The cities within SID currently use recycled water for irrigation of city parks and landscaping.
SID is participating with planning efforts being performed by cities within SID boundaries to
expand the use of recycled water for irrigation of city parks and landscaping.
7.3.3

Capital Improvements for On-Farm Irrigation Systems (BMP 3 and 10608.48.c(3))

STATUS: IMPLEMENTING
The District is implementing this BMP and EWMP by contributing a share of the cost for water
metering for growers who switch to drip/micro-irrigation systems. The grower furnishes the
meter and the District provides installation and, if needed, engineering for turnout modifications.
Additionally, the District provides growers with information regarding the Environmental
Quality Incentives Program (EQIP) offered through the Natural Resources Conservation Service
(NRCS) through newsletters. SID will continue to provide information on funding sources to
growers, assist growers with soil moisture monitoring through AWCC, and look for additional
funding opportunities for on-farm irrigation improvements.
7.3.4

Incentive Pricing Structures (BMP 4 and 10608.48.c(4))

STATUS: IMPLEMENTING
SID is implementing this EWMP by promoting conjunctive use of groundwater by setting water
rates below the cost of groundwater pumping to promote the use of available surface water
supplies (goals B and C). By maintaining low water rates for surface water relative to
groundwater pumping, SID is promoting conservation of precious groundwater resources and
reduction in overdraft of the subbasin through in lieu and direct recharge. In addition, the
implementation of a volumetric charge per acre-foot delivered provides a modest incentive to
increase water use efficiency at the farm level (goal A). The volumetric charge additionally
discourages excessive drainage (goal D). The District will continue to review and assess its
volumetric charge over time to ensure that identified water management objectives are being
achieved.
7.3.5

Lining or Piping of Distribution System and Construction of Regulating Reservoirs
(BMP 5 and 10608.48.c(5))

STATUS: IMPLEMENTING
SID is implementing this EWMP. The SID distribution system consists of 88 miles of unlined
canals, 15 miles of lined canals, and 169 miles of pipelines. An additional 97 miles of pipeline
serve urban areas for a total of 370 miles of distribution system the District operates and
maintains. The laterals which remain unlined provide beneficial groundwater recharge through
seepage and may prove to be a vital component in the development of a sustainable groundwater
management plan for the Solano Sub-basin.
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SID maintains its distribution system on a continuous basis, including replacement of canal
lining and pipelines as they reach the end of their useful life. Between 2008 and 2014, the
District resurfaced about 1,000 feet of lining, constructed 21,900 feet of new lining for the
Vaughn Canal and installed 23,000 feet of new pipeline (both replacing old, leaking pipeline
reaches and, in some cases, converting existing canal to pipeline). In addition to concrete lining
and pipeline conversion, the District has three small regulating reservoirs within its service area.
SID plans to continue to resurface lining when necessary to maintain the lining effectiveness and
evaluate new lining, pipelining and regulating reservoirs based on local cost-effectiveness and
groundwater recharge considerations. The District will also continue to actively maintain and
repair pipelines including the planned replacement of 1,000 feet of the Weyand Lateral B
pipeline.
7.3.6

Increased Water Ordering and Delivery Flexibility (BMP 6 and 10608.48.c(6))

STATUS: IMPLEMENTING
The District is implementing this EWMP by maximizing the amount of flexibility in water
ordering by, and delivery to, water customers within operational limits. In particular, SID works
with customers on an ongoing basis to facilitate high frequency, low volume deliveries to pump
customers using pressurized irrigation systems. The use of these systems has increased over
time and is anticipated to continue to increase in the future.
SID Watertenders monitor the distribution system in real-time using tablets with information
from over 60 SCADA sites, including real-time monitoring of Rubicon Slip Meters and Flume
Gates, to enhance operational flexibility. The District has chosen the Vaughn canal as the pilot
site for an initial network control implementation of Total Channel Control (TCC). The purpose
of the pilot project is to improve delivery flexibility to customers and reduce operational spillage.
The canal has six check structures, eighteen automated turnouts (including laterals and spills),
three deepwells, and thirteen pumps. The system will also monitor the pumps and wells. Work
on the pilot project is currently in progress and is expected to be complete for the 2016 irrigation
season.
The District has a few agricultural pipelines that have large capacities with low volume users.
These areas are typically operated as on-demand systems. Additionally, the District includes
some rural ranch parcels that are served from agricultural canals and pipelines. These parcels are
between 2.5 and 10 acres, irrigate landscaping or gardens for self-consumption and are served on
a rotational irrigation schedule. At the beginning of every irrigation season, the Operations
Department sends letters to these customers inquiring about their plans for irrigating. Based on
the response, the District will assign each parcel one or two irrigation day(s) each week to be
used for the entire season.
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SID provides water use information to irrigators for their fields upon request, online, and an
annual report. The District is planning to test allowing growers to place water orders online
using the Rubicon software, Confluent. The software will be tested during the 2016 irrigation
season as part of the Vaughn Canal TCC pilot project. The District will evaluate the test results
and consider whether to implement the software district wide.
7.3.7

Supplier Spill and Tailwater Recovery Systems (BMP 7 and 10608.48.c(7))

STATUS: IMPLEMENTING
SID is implementing this EWMP through the interception of spillage from the K-2 sublateral by
the Kilkenny main lateral, which can then be delivered to meet irrigation demands below that
point on the Kilkenny; through tailwater and spillage recovery from the pumped from SID
drains; through real time monitoring of distribution system spills; and through operation of
drainage wells and deep wells to provide a localized source of supply and reduce spillage.
The Kilkenny main lateral intercepts spillage from the K-2 lateral. Intercepted spillage is then
used as a source of supply to help meet irrigation demands below that point in the Kilkenny main
lateral. From 2011 to 2014, an annual average of approximately 730 acre-feet of spillage was
intercepted by the Kilkenny main lateral.
Additionally, the District operates 15 drain recovery pumps (Figure 7-5) to recover and reuse
spillage and tailwater from the drainage system. In an average year about 700 acre-feet is
returned to the SID distribution system and 1,700 acre-feet is returned directly to irrigated lands.
SID has completed installation of SCADA
monitoring equipment at 13 spillage sites.
Intermediate system flows are also monitored at
several locations, including sub-lateral headings,
to provide flexibility while at the same time
controlling spills.

Figure 7-5. RP50 Drain Recovery Pump
Recycling from McCune Creek

As of November of 2015, the District has 60
SCADA sites. SID has provided Watertenders
with tablets to monitor the distribution system in
real time at the 60 SCADA sites, including the
13 spillage sites to enhance operational
flexibility while reducing spillage.
This
includes realtime monitoring of Rubicon
SlipMeters and FlumeGates.

Operation of drainage and deep wells provide added operational flexibility and localized supply,
thereby reducing spillage. By adding the capability to remotely monitor pumps through the
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SCADA system, the SCADA system facilitates improved customer service and spillage controls
while maximizing the efficient use of pump water.
SID plans to construct a spill and tailwater recovery system at the confluence of Sweeney and
McCune Creeks. The planned system consists of two long-crested weirs together with
automated canal gates to maintain the upstream water elevations and divert spill and tailwater
from the creeks to the nearby Kilkenny Canal while regulating the downstream flows. The
project is currently in the design and environmental review phase with project construction
tentatively scheduled to begin in the spring of 2016.
SID has implemented and continues to operate spillage recovery, including spillage prevention
measures at levels that are locally cost effective. SID has also studied regulating reservoirs as an
approach to spillage prevention and recovery. SID will continue to evaluate the cost
effectiveness of spillage and tailwater reduction opportunities in the future.
7.3.8

Plan to Measure System Outflow (BMP 8)

STATUS: IMPLEMENTING
Four drains carry significant flow outside the District during the irrigation season. These flows
include tailwater from irrigated lands within the District, operational spillage, treated effluent
from the City of Vacaville, and deliveries (the creeks are used as conveyance) to MPWD. The
District measures outflows using four measuring weirs owned and operated by MPWD to
measure the outflow from the District. However, MPWD diverts at multiple small diversion
points upstream of two of these outflow locations. An additional seven locations in SCWA flood
control channels carry small volumes of District spill and tailwater outside of the District.
The District plans to install improved measurement as part of the Sweeney and McCune Creek
drainage outflow recovery project described earlier. The District will continue to look for
additional cost effective solutions for improving drainage outflow measurements; working with
other agencies as necessary including SCWA, CFW, and the Army Corps of Engineers (ACOE)
to design and install additional measurement sites.
7.3.9

Increase Planned Conjunctive Use (BMP 9 and 10608.48.c(8))

STATUS: IMPLEMENTING
The District provides surface water at lower cost than that of pumping groundwater to promote
use of surface water supplies. SID installed a new well in 2012 to increase the District’s capacity
to augment surface water supplies as part of the District’s conjunctive use. Key components of
SID’s conjunctive use include the following:



Pricing to promote use of available surface water supplies.
Utilize 23 groundwater wells to augment surface water supplies.
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Pricing to provide revenue to operate groundwater wells when required to provide
additional supply and flexibility.
Active participation in local groundwater entities and initiatives, including SGMA.
Participation in groundwater monitoring as part of CASGEM through SCWA, the
monitoring entity.
Annual groundwater report updates.
Installed a new well in 2012 to increase the District’s capacity to pump groundwater.
Set aside $1.5 million in funding for additional new wells.

7.3.10 Automate Canal Control Structures (BMP 10 and 10608.48.c(9))
STATUS: IMPLEMENTING
SID can remotely monitor ten lateral headings; seven of which can also be controlled by
SCADA. In addition, the District has chosen the Vaughn canal as the pilot site for an initial TCC
implementation. The purpose of the pilot project is to improve delivery flexibility to customers
and reduce operational spillage. The District will install eight Rubicon FlumeGates, 17 Rubicon
SlipGates and 13 magnetic flowmeters. The system will also monitor the pumps and wells.
Work on the pilot project is currently in progress and is expected to be complete for the 2016
irrigation season.
SID will continue to evaluate opportunities for additional automation to increase delivery
flexibility and steadiness and to reduce operational spillage if determined locally cost effective.
The District plans to operate and maintain automatic control structures and real-time SCADA
monitoring.
7.3.11 Facilitate Pump Testing (BMP 11 and 10608.48.c(10))
STATUS: IMPLEMENTING
The District offers pump tests to its growers for privately owned pumps. The service is freeof-charge, and funded by a county-wide partnership between SID, the Solano County Water
Agency, Maine Prairie Water District, and Reclamation District 2068.
7.3.12 Mapping (BMP 12)
STATUS: IMPLEMENTING
SID is implementing the mapping BMP through the maintenance of system maps in AutoCAD.
The District is converting to a GIS-based system and has developed the soils, facilities and
groundwater subbasin maps presented earlier in this plan in a GIS-based system. As described in
the District’s recent SOR report, the District has recently established survey control points
throughout the system for use with recently purchased survey equipment to locate all facilities
with GPS coordinates. The District has also partnered with SCWA and the County to reduce
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duplication and costs in developing a GIS-based mapping system initially for groundwater to
identify boundaries and underlying groundwater basins.
7.3.13 Evaluate Supplier Policies to Allow More Flexible Deliveries and Storage (BMP 13
and 10608.48.c(13))
STATUS: IMPLEMENTING
SID actively evaluates the effect of supplier (Reclamation) and Solano Project policies and
operational practices and seeks policy changes to alleviate water supply constraints. The District
plans to continue these activities in the future.
7.4 SUMMARY OF EWMP IMPLEMENTATION STATUS
SID has taken many actions throughout its more than 55-year history to promote efficient and
sustainable water management. An important objective during the establishment of SID was to
stabilize dropping groundwater levels in Solano County. Since SID’s first surface water
deliveries, the groundwater levels have recovered and SID continues to plan additional measures
to accomplish improved and more efficient water management. For purposes of this AWMP,
SID actions have been organized and are reported with respect to the Best Management Practices
(BMPs) and Efficient Water Management Practices (EWMPs) listed in the Mid-Pacific Region
2014 Standard Criteria and CWC §10608.48, respectively. A summary of the implementation
status of each listed BMP and EWMP is provided in Table 7.4.
SID and its staff have long been active in, and affiliated with organizations supporting excellence
in water management, including the Association of California Water Agencies (ACWA), the
United States Committee for Irrigation and Drainage (USCID), the Irrigation Training and
Research Center (ITRC), the American Society of Civil Engineers (ASCE), the California
Irrigation Institute (CII), the California Municipal Utilities Association (CMUA) and others. An
important benefit that SID’s active participation in these organizations brings is continuing
exposure to water management innovations through conferences, trainings and networking with
water management professionals. Occasionally, SID staff write papers and make presentations at
conferences organized by these organizations. Additionally, SID occasionally sends staff to
water management trainings to enhance skill sets and increase basic understanding of efficient
water management.

Public Review Draft

7-16

January 2016

2015 SID
AGRICULTURAL WATER
MANAGEMENT PLAN

EFFICIENT WATER
MANAGEMENT PRACTICES

Table 7-4. Summary of BMP/EWMP Implementation Status
Reclamation
2014 Criteria

Water Code
Reference No.

Critical BMP
1

10608.48.b(1)
Mandatory

BMP/EWMP
Water Measurement/Measure
the volume of water delivered
to customers with sufficient
accuracy

Position

Implementing

10608.48.c(11)

Designate the Water
Conservation Coordinator/

10608.48.c(12)

Provide or Support the
Availability of Water
Management Services to
Water Users/Provide for the
availability of water
management services to water
users

10608.48.b(2)
Mandatory

Pricing Structure/Adopt a
pricing structure based at least
in part on quantity delivered

Implementing

Critical BMP
5

10608.48.c(14)

Evaluate and Improve
Efficiencies of Contractor's
Pumps/Evaluate and improve
the efficiencies of the
supplier’s pumps

Implementing

BMP 1

10608.48.c(1)

Facilitate Alternative Land
Use

10608.48.c(2)

Facilitate Use of Available
Recycled Water that
Otherwise Would Not be Used
Beneficially, Meets all Health
and Safety Criteria, and Does
not Cause Harm to Crops or
Soils

Critical BMP
2

Critical BMP
3

Critical BMP
4

BMP 2

BMP 3

10608.48.c(3)
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Implementing

Implementing

Not
Technically
Feasible

Implementing

Implementing

Implementation Activities
CRITICAL (MANDATORY) BMPs FOR AGRICULTURAL CONTRACTORS
1. All turnouts to parcels irrigating for the purpose of productive agriculture are measured to +/6% as required by the USBR 2014 Criteria for Water Management Plans.

1. Designated water conservation coordinator:
Paul Lum
Irrigation Specialist
810 Vaca Valley Parkway
Vacaville, California 95688
(707) 448 - 6847
lump@sidwater.org
2. Manage conservation activities, prepare five-year plan, and implement the Plan.
1. SID provides for the availability of water management services through mobile lab irrigation
evaluations, scientific irrigation scheduling and soil moisture monitoring conservation measures
by employing a full-time Irrigation Specialist, who is also the water conservation coordinator.
2. Additionally, SID provides a Solano weather page that includes links to CIMIS and other
agricultural weather stations in the area. SID also provides water management information on its
website and produces a periodic irrigation newsletter.

Planned Activities
1. Continue maintenance and replacement, when needed, of water measurement
devices to maintain the delivery measurement accuracy required by the 2014
Criteria for Water Management Plans.
2. Conduct a flow rate accuracy assessment study of the District’s meter gates.
1. SID will maintain an appropriate and responsible staff person in the position
of water conservation coordinator position.

1. Continue offering current services to water users.

1. The District uses a quantity-based pricing structure for all turnouts to parcels irrigating for the
1. Re-evaluate pricing rates, as needed.
purpose of productive agriculture.
2. Continue to actively identify solutions to convert flatrate customers to
2. The District commissioned a Financial Plan and Water Rate Study, completed in 2015, that
quantity-based pricing.
provides a financial plan and cost of service analysis to support the District’s future water rates.
Key objectives of the study included revenue sufficiency, fairness, and affordability among others.
1. The District maintains an active pump testing program to monitor pump performance and
1. Continue testing and periodic refurbishment or replacement of pumps and
determine repairs required to maximize pump efficiencies, minimize power consumption and
motors.
enable managers to plan preventative maintenance procedures.
2. Add any new pumps to the existing testing program.
2. The annual budget for the pump rehabilitation and maintenance is about $65,000, and the
annual budget for pump efficiency testing is $7500.
3. Baseline performance standards have been established for most of the District's pumps.
4. The District participates in the California Agricultural Pump Efficiency Program (APEP),
which manages a rebate program with PG&E for successful pump tests and pump repairs.
5. SID’s Irrigation Specialist completed an average of 39 pump tests per year between 2011 and
2015 on District pumps.
EXEMPTIBLE (CONDITIONAL) BMPs FOR AGRICULTURAL CONTRACTORS
"Lands with exceptionally high water duties or whose irrigation contributes to significant problems" are not known to exist within the SID service area. District Rules 3028, 4012,
5005 and 5011 in the rules and regulations governing the distribution of water within SID together prohibit the wasteful use of water. Additionally, facilitation of alternative land use
is beyond SID's jurisdiction.
1. Continue existing use of recycled water within SID.
1 M&I wastewater applied directly to SID irrigated lands by private arrangements between the
cities and growers.
2. Consider requests from all qualifying permitted dischargers for additional use
2. The cities within SID boundaries currently use recycled water for irrigation of city parks and
of recycled water.
landscaping.
3. SID is participating with planning efforts being performed by cities within SID boundaries to
use recycled water for irrigation of city parks and landscaping
1. Provide information to growers regarding the Environmental Quality Incentives Program
(EQIP) offered through the Natural Resources Conservation Service (NRCS) through newsletters.
2. Assist growers with soil moisture monitoring conservation measures through the AWCC.
3. Contribute a share of the water meter cost for grower’s who switch to drip/micro systems.
Growers furnish the meter and the District provides installation, and engineering for turnout
modifications, if needed.

January 2016

1. Continue to provide information on funding sources to growers.
2. Continue to assist growers with soil moisture monitoring.
3. Look for additional funding opportunities.
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BMP 4

BMP 5

BMP 6

BMP 7

Water Code

10608.48.c(4)

10608.48.c(5)

10608.48.c(6)

10608.48.c(7)
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BMP/EWMP
Implement an incentive
pricing structure that promotes
one or more of the following
goals: (A) More efficient
water use at farm level, (B)
Conjunctive use of
groundwater, (C) Appropriate
increase of groundwater
recharge, (D) Reduction in
problem drainage, (E)
Improved management of
environmental resources, (F)
Effective management of all
water sources throughout the
year by adjusting seasonal
pricing structures based on
current conditions.
Canal Lining/Piping and
Regulatory Reservoirs to
Increase Distribution System
Flexibility and Capacity,
Decrease Maintenance, and
Reduce Seepage

Increase Flexibility in Water
Ordering By, and Delivery to,
Water Users (Within
Operational Limits)

Construct and Operate
Contractor Spill and Tailwater
Recovery Systems

Position

Implementing

Implementing

Implementing

Implementing

BMP 8

N/A

Plan to Measure Outflow

Implementing

BMP 9

10608.48.c(8)

Optimize Conjunctive Use

Implementing
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Implementation Activities
1. The District commissioned a Financial Plan and Water Rate Study, completed in 2015, that
provides a financial plan and cost of service analysis to support the District’s future water rates.
Key objectives of the study included revenue sufficiency, fairness, and affordability among others.
2. The District implemented TruePoint water delivery volume and billing software in 2010 to
allow for more flexible water rate structures.
3. SID’s volumetric charge promotes more efficient water use at the farm level and discourages
excessive drainage (goals A and D).
4. Current pricing maintains low rates for surface water relative to groundwater pumping to
promote conservation of groundwater through in lieu and direct recharge (goals B and C).
5. The available water management services, namely scientific irrigation scheduling and soil
moisture monitoring conservation measures, improve irrigation efficiency (goals A and D).

Planned Activities
1. The District will review and assess its volumetric charge over time to ensure
that identified water management objectives are being achieved.

1. Lined or pipelined 76 percent of its distribution system.
2. Between 2008 and 2014, SID resurfaced approximately 0.2 miles of lining.
3. In 2009 and 2010, SID lined 4.15 miles of the Vaughn Lateral.
4. Between 2011 and 2015, SID installed 23,000 feet of new pipeline, both replacing old, leaky
pipelines and in some cases converting existing canal to pipeline.

1. Continue to resurface lining when necessary to maintain effectiveness.
2. Install new lining as appropriate based on local cost-effectiveness.
3. Continue active maintenance and repair of improvement district pipelines.
4. Continue to evaluate and implement locally cost effective regulating
reservoirs.
5. Replace 1,000 feet of the Weyand Lateral B pipeline.
1. Continue efforts to facilitate flexible delivery service through operational and
infrastructure improvements.
2. Evaluate TCC pilot project and evaluate cost-effectiveness of expanding TCC
project.
3. Evaluate and implement additional locally cost-effective actions to improve
flexibility
4. Allow growers to order water online with water ordering software.
5. SID plans to provide customers with access to real time monitoring of
Rubicon SlipMeters and permanent FlumeGates.

1. Ongoing efforts to facilitate high frequency, low volume deliveries to customers with on-farm
sprinkler and micro irrigation system.
2. Pilot TCC project on Vaughn Canal.
3. Provides water use information to irrigators for their fields upon request, online and in an
annual report.
4. SID Watertenders monitor the distribution system in real time using tablets with information
from over 60 SCADA sites to enhance operational flexibility, including real time monitoring of
Rubicon SlipMeters and FlumeGates.
6. Intermediate system flows at several locations are monitored to better meet customer demands
and prevent operational spillage.
1. Intercepts spillage from K-2 sublateral and returns it into the Kilkenny main lateral.
2. Operates 15 pumps to recover and reuse spillage and tailwater from the drainage system.
3. Implemented real time SCADA monitoring 13 spill sites.
4. Intermediate system flows at several locations are monitored to better meet customer demands
and prevent operational spillage.
5. Operates drainage and deep wells throughout the system, providing added operational
flexibility and localized supply that enables spillage prevention.
6. SID provided Watertenders with tablets to monitor the distribution system in real time at
spillage sites and over 60 SCADA sites to enhance operational flexibility while reducing
SlipMeters and FlumeGates.
1. Eleven locations along the SCWA flood control channels that carry District spill and tailwater
outside of the District.
2. Currently the District measures outflows using four measuring weirs owned and operated by
MPWD.
1. Provide surface water at a lower cost than that of pumping groundwater.
2. Utilize 23 groundwater wells to augment surface water supplies.
3. Active participation in local groundwater entities and initiatives, including SGMA.
4. Implementation of groundwater monitoring as part of CASGEM in cooperation with SCWA,
the Solano County monitoring agency.
5. Installed a new well in 2012 to increase the District’s capacity to pump groundwater.
6. Set aside $1.5 million in funding for additional new wells.

January 2016

1. Implement the McCune project to capture spillage and tailwater from the
drains in a regulating reservoir for reuse.
2. Continue and expand monitoring at spill sites to reduce spillage and develop
representative data.
3. Continue to evaluate and implement locally cost effective improvements to
recover and prevent spillage and tailwater.
4. Consider implementation of recovery and pumpback systems, subject to
evaluation of local cost-effectiveness.
5. Continue accounting for drain pump operation and pumped volumes.
1. Continue to look for a cost effective solution for improving measurement of
drainage outflows.
2. Continue to work with other agencies including SCWA, CFW and ACE to
design and install additional measurement sites.
1. Continue active participation in local groundwater entities and initiatives,
including SGMA.
2. Continue various ongoing conjunctive management strategies and actions as
part of SID’s comprehensive conjunctive management program.
3. Continue to evaluate and implement locally cost effective actions.…..
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BMP/EWMP

Position

BMP 10

10608.48.c(9)

Automate Distribution, and/or
Drainage System Structures

Implementing

BMP 11

10608.48.c(10)

Facilitate or Promote Water
User Pump Testing and
Evaluation

Implementing

BMP 12

N/A

N/A

10608.48.c(13)
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Implementation Activities
1. Seven lateral headings remotely controlled by SCADA.
2. Ten lateral headings remotely monitored on SCADA.
3. Implementation of an extensive SCADA system to provide communication, monitoring, and
control of automated sites.
4. TCC pilot program.
1. SID facilitates and promotes customer pump testing and evaluation by providing a Pump Test
Evaluator, the SID Irrigation Specialist, trained and certified by the Agricultural Pump Efficiency
Program.
2. The SID Irrigation Specialist tests customer-owned pumps at the request of the landowner and
distributes pump reports with pump data and recommendations to the landowner.
1. SID has developed, in partnership with SCWA, a groundwater map, identifying boundaries and
underlying groundwater basins.
2. The District as developed a soils map, identifying major soil types across the district boundary.
3. The district has created a facilities map, identifying major canals.
1. SID actively evaluates the effect of supplier (Reclamation) and Solano Project policies and
operational practices and seeks policy changes to alleviate water supply constraints.

Implementing

January 2016

Planned Activities
1. SID will continue to evaluate opportunities for additional automation to
increase delivery flexibility and steadiness and to reduce operational spillage.
2. Continue to operate and maintain automatic control structures.
3. Continue real time SCADA monitoring.
4. Continue to evaluate and implement locally cost effective actions.
1. Continue current activities including employing a trained and certified Pump
Test Evaluator.

1. Expand on current facilities map, identifying major flow measurement
structures, pipelines, canal check structures, turnouts, etc. The next step is to
transition to a GIS based system.
1. Continue current activities.
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7.5 EVALUATION OF WATER USE EFFICIENCY IMPROVEMENTS
CWC §10608.48(d) requires that AWMPs include:
… a report on which efficient water management practices have been implemented and are
planned to be implemented, an estimate of the water use efficiency improvements that have
occurred since the last report, and an estimate of the water use efficiency improvements
estimated to occur five and 10 years in the future.
A description of which EWMPs have been implemented has been provided previously in Section
7. This section provides an evaluation of EWMP implementation and an estimate of water use
efficiency (WUE) improvements that have occurred in the past and are expected to occur in the
future.
The value of evaluating water use efficiency (WUE) improvements (and EWMP implementation
in general) from SID’s perspective is to identify what the benefits of EWMP implementation are
and to identify those additional actions that hold the potential to advance SID’s water
management objectives. The District’s primary water management objective is:
“to provide safe and reliable water to our farms, families, and businesses.”
To that end, SID has taken action to develop and maintain reliable surface water and
groundwater supplies, to prevent or reduce losses from the distribution system in order to
increase operational efficiency, to promote the efficient use of water at the farm level, and to
meet changing environmental and other demands that affect the flexibility with which the
District can deliver and store water.
Recent examples of these actions include the implementation of the TruePoint water ordering
and delivery tracking software in August 2010 and the new Rubicon gates put in at the Vaughn
and Weyand Headings.
First and foremost among the issues that must be considered in any evaluation of the benefits of
EWMP implementation and resulting WUE improvements is how water management actions
affect the water balance (Davenport and Hagan, 1982; Keller, et al., 1996; Burt, et al., 2008;
Clemmens, et al., 2008; Canessa, et al., 2011). Accordingly, any evaluation of EWMP
implementation and WUE improvements for SID must consider how water balance changes
relate to the District’s mission and water management objectives. For example, flows to deep
percolation and seepage that could be considered losses in some settings are critical to maintain
the long-term sustainability of the underlying groundwater basin. Reductions in these flows
resulting from EWMP implementation could be considered WUE improvements at the farm or
District scale, but have the consequential effect of diminishing recharge of the underlying
groundwater system. Other flows that could be considered losses at the District or farm scale
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such as spillage and tailwater, respectively, are also recoverable. For example, spillage from the
SID distribution system is available for beneficial use by downgradient water users, primarily
MPWD. In fact, SID and MPWD have recognized this through a formal agreement. The only
distribution system or on-farm losses that are not recoverable within SID, the underlying
groundwater basin, or the region are canal and reservoir water surface evaporation and
evaporation from irrigation applications. These components represent a small portion of SID’s
water supply. An implication of this is that very little “new” water can be made available
through water conservation in SID.
An essential first step in evaluating EWMP implementation and water use efficiency
improvements is a comprehensive, quantitative, multi-year water balance (see Section 5). The
quantitative understanding of the water balance flow paths enables identification of targeted flow
paths for WUE improvements, along with improved understanding of the beneficial impacts and
consequential effects of EWMP implementation at varying spatial and temporal scales. The
water balance enables evaluation of potential changes in flow path quantities and timing for any
given change in water management.
Even where comprehensive, multi-year water balances have been developed; evaluating water
balance impacts and WUE improvements is not a trivial task. Issues of spatial and temporal
scale and relatively small changes in flow paths resulting from many water management
improvements (relative to day to day and year to year variation in water diversions and use)
coupled with inaccuracies inherent in even the best water measurement greatly complicate the
evaluation of water balance impacts. The implications of recoverable and irrecoverable losses at
varying scales complicate the evaluation of WUE improvements, and consequential, potentially
unintended consequences must be considered (Burns et al. 2000, AWMC 2004).
As part of assembling this AWMP, SID has identified the targeted flow paths associated with
implementation of each EWMP and the water management benefits of each EWMP, along with
the potential consequential effects of implementation. A brief discussion of the benefits
associated with implementation of each EWMP is provided, along with a brief discussion of
consequential effects that must be considered. A summary of targeted flow paths, beneficial
impacts, and consequential effects associated with implementation of each EWMP by SID is
provided in Table 7-5. Note that since this section is a requirement of the State of California’s
AWMP, the tables in this section are organized according to the EWMPs and the two additional
BMPs that are not also EWMPs are not discussed.
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Table 7-5. Summary of WUE Improvements by EWMP
Water Code
Reference No.
10608.48.b
(1)

10608.48.b
(2)

10608.48.c
(1)

10608.48.c
(2)

EWMP
Measure the volume of water delivered to
customers with sufficient accuracy

Adopt a pricing structure based at least in part
on quantity delivered

Facilitate alternative land use for lands with
exceptionally high water duties or whose
irrigation contributes to significant problems,
including drainage.
Facilitate use of available recycled water that
otherwise would not be used beneficially, meets
all health and safety criteria, and does not harm
crops or soils.

10608.48.c
(3)

Facilitate financing of capital improvements for
on-farm irrigation systems

10608.48.c
(4)

Implement an incentive pricing structure that
promotes one or more of the following goals:
(A) More efficient water use at farm level,
(B) Conjunctive use of groundwater,
(C) Appropriate increase of groundwater
recharge,
(D) Reduction in problem drainage,
(E) Improved management of environmental
resources,
(F) Effective management of all water sources
throughout the year by adjusting seasonal
pricing structures based on current conditions.

10608.48.c
(5)

Expand line or pipe distribution systems, and
construct regulatory reservoirs to increase
distribution system flexibility and capacity,
decrease maintenance and reduce seepage
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Implementation
Status
Being
Implemented

Targeted Flow
Path(s)

Benefits

Consequential Effects

Notes (See End
of Table)

None

Supports Evaluation of EWMPs

Not Applicable

1

Being
Implemented

Farm Deliveries,
Tailwater, Deep
Percolation of
Applied Water,
System Inflows,
Drainage Outflows

Volumetric pricing could create a modest incentive to reduce on-farm
deliveries, primarily through reduced tailwater and deep percolation. In
aggregate, reduced deliveries result in decreased system inflows and
corresponding reductions in drainage outflows. Available water not diverted
could allow for service area expansion (annexation) or be available for
transfer. Additionally, water quality benefits may occur through reduced
tailwater and deep percolation.

Not Technically
Feasible

Not Applicable

Not Applicable

Not Applicable

3

Not Technically
Feasible

System Inflows,
Farm Deliveries

Not Applicable

Not Applicable

3

Being
Implemented

Farm Deliveries,
Tailwater, Deep
Percolation of
Applied Water,
System Inflows,
Drainage Outflows

Not Applicable.

Not Applicable.

2

Consequential effects of volumetric pricing are the same
as described for the volumetric pricing EWMP
(10608.48.b(2)).

2

Volumetric pricing will incentivize goals A and D, resulting in on-farm
benefits as described for the volumetric pricing EWMP (10608.48.b(2)).
Being
Implemented

Varies

Being
Implemented

System Inflows,
Operational
Spillage, Canal
Seepage, Farm
Deliveries,
Tailwater, Deep
Percolation of
Applied Water,
Drainage Outflows

Provision of surface water at lower rates than the cost of groundwater
pumping incentivizes goals B and C and improves the reliability of regional
water supplies.

Lining and pipeline conversion provide maintenance and operational
benefits while also substantially reducing seepage in some areas.
In aggregate, reduced recoverable losses at the farm and district scale result
in decreased system inflows. Available water not diverted could allow for
service area expansion (annexation) or be available for transfer.
Additionally, water quality benefits may occur through reduced tailwater
and deep percolation.
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Reduced deep percolation results in reduced beneficial
recharge of the underlying groundwater system.
Reduced drainage outflows from tailwater result in
reduced water available for beneficial use by
downgradient agricultural or environmental water users.

2

Reduced deep percolation and seepage result in reduced
beneficial recharge of the underlying groundwater
system.
2
Reduced drainage outflows result in reduced water
available for beneficial use by downgradient agricultural
or environmental water users.
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Water Code
Reference No.

10608.48.c
(6)

EFFICIENT WATER
MANAGEMENT PRACTICES

EWMP

Increase flexibility in water ordering by, and
delivery to, water customers within operational
limits

Implementation
Status

Targeted Flow
Path(s)

Being
Implemented

System Inflows,
Operational
Spillage, Farm
Deliveries,
Tailwater, Deep
Percolation of
Applied Water,
Drainage Outflows

10608.48.c
(7)

Construct and operate supplier spill and
tailwater recovery systems

Being
Implemented

System Inflows,
Drainage Outflows

10608.48.c
(8)

Increase planned conjunctive use of surface
water and groundwater within the supplier
service area

Being
Implemented

System Inflows,
District
Groundwater
Pumping

Being
Implemented

System Inflows,
Operational
Spillage, Farm
Deliveries,
Tailwater, Deep
Percolation of
Applied Water,
Drainage Outflows

10608.48.c
(9)

Automate canal control structures

10608.48.c (10)

Facilitate or promote customer pump testing and
evaluation

Being
Implemented

None

10608.48.c (11)

Designate a water conservation coordinator who
will develop and implement the water
management plan and prepare progress report.

Being
Implemented

Varies
Farm Deliveries,
Tailwater, Deep
Percolation of
Applied Water,
System Inflows,
Drainage Outflows

10608.48.c (12)

Provide for the availability of water
management services to water users.

Being
Implemented

10608.48.c (13)

Evaluate the policies of agencies that provide
the supplier with water to identify the potential
for institutional changes to allow more flexible
water deliveries and storage.

Being
Implemented
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System Inflows

Benefits
Changes in ordering and delivery practices, coupled with improvements to
the SID distribution system and operation result in increased control for
Watertenders and improved farm delivery steadiness and flexibility.
Farm deliveries could be reduced due to reduced deep percolation and
tailwater. System improvements result in greater operational efficiency and,
potentially, reductions in spillage.
In aggregate, reduced recoverable losses at the farm and district scale result
in decreased system inflows. Available water not diverted could allow for
service area expansion (annexation) or be available for transfer.
Additionally, water quality benefits may occur through reduced tailwater
and deep percolation.
Current levels of tailwater and spillage recovery and reuse and spillage
prevention will continue to reduce drainage outflows from SID. As a result,
reduced outflows result in decreased system inflows. Available water not
diverted could allow for service area expansion (annexation) or be available
for transfer.
Increased conjunctive management benefits SID by improving long-term
water supply reliability through reliance primarily on surface water to
minimize withdrawals from the groundwater system and provide beneficial
groundwater recharge.
Automation of the SID distribution system results in increased control for
system operators and improved farm delivery steadiness and flexibility.
Farm deliveries could be reduced due to reduced deep percolation and
tailwater. System improvements result in greater operational efficiency and,
potentially, substantial reductions in spillage.
In aggregate, reduced recoverable losses at the farm and district scale result
in decreased system inflows. Available water not diverted could allow for
service area expansion (annexation) or be available for transfer.
Additionally, water quality benefits may occur through reduced tailwater
and deep percolation.
Improved pumping efficiency by SID’s customers does not affect the SID
water balance but results in decreased energy demand and reduced pumping
costs for customers. There are no direct benefits to SID.
See Comment
Farm water management support by SID could result in reductions in onfarm deliveries through reduced tailwater and deep percolation. In
aggregate, reduced deliveries result in decreased system inflows and
corresponding reductions in drainage outflows. Available water not diverted
could allow for service area expansion (annexation) or be available for
transfer. Additionally, water quality benefits may occur through reduced
tailwater and deep percolation.
Changes in the policies of agencies that affect SID’s flexibility and storage
in using its surface water supply could allow for limited improvements in
system operation and reductions in system losses. Available water not
diverted could allow for service area expansion (annexation) or be available
for transfer.

January 2016

Consequential Effects

Notes (See End
of Table)

Reduced deep percolation results in reduced beneficial
recharge of the underlying groundwater system.
Reduced drainage outflows result in reduced water
available for beneficial use by downgradient agricultural
or environmental water users.

2

Reduced drainage outflows result in reduced water
available for beneficial use by downgradient agricultural
or environmental water users.

Not Significant

2

Reduced deep percolation results in reduced beneficial
recharge of the underlying groundwater system.
Reduced drainage outflows result in reduced water
available for beneficial use by downgradient agricultural
or environmental water users.

2

Not Significant

See Comment

4

Reduced deep percolation results in reduced beneficial
recharge of the underlying groundwater system.
Reduced drainage outflows from tailwater result in
reduced water available for beneficial use by
downgradient agricultural or environmental water users.
Reduced drainage outflows from operational spillage
could result in reduced water available for beneficial use
by downgradient agricultural or environmental water
users.

2

2015 SID
AGRICULTURAL WATER
MANAGEMENT PLAN

Water Code
Reference No.
10608.48.c (14)
Notes:
1.
2.
3.
4.

EFFICIENT WATER
MANAGEMENT PRACTICES

EWMP
Evaluate and improve the efficiencies of the
supplier’s pumps.

Implementation
Status

Targeted Flow
Path(s)

Being
Implemented

None

Benefits
Improved pumping efficiency of SID’s pumps and prioritizing repairs and
replacement based on pump evaluations results in decreased energy demand
and reduced pumping costs for SID and increases pump reliability. There
are no direct impacts to water balance flow paths.

Consequential Effects

Notes (See End
of Table)

Not Significant

Although delivery measurement does not directly affect any flow paths, it will provide the basis for improved understanding of the overall water balance in the future.
SID works to balance tradeoffs between incentivizing on-farm water conservation and maintaining long-term surface water and groundwater reliability for the region.
Such conditions do not exist in SID. As a result, it is not technically feasible to implement this EWMP.
Implementation of the AWMP by SID’s Water Conservation Coordinator/Water Operations Supervisor, General Manager, District Engineer, and other staff as appropriate is the mechanism by which all EWMPs are implemented and targeted benefits are
realized.
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WUE definitions vary. For purposes of evaluating WUE improvements associated with EWMP
implementation by SID, specific WUE improvement categories or objectives, as described by
CALFED and DWR (CALFED 2006, DWR 2012b), have been identified that correspond to each
EWMP. Potential WUE improvements include reduction of irrecoverable losses, increased local
supply, increased local flexibility, increased in-stream flow, improved water quality, and
improved energy efficiency. Definitions for each of the WUE improvement categories have
been developed and are provided in Table 7-6. Note that the WUE improvement categories are
not mutually exclusive in many cases. For example, reductions in irrecoverable losses could be
used to increase local supply. The applicability of each EWMP to each WUE improvement
category based on SID’s water management activities has been identified and is presented in
Table 7-7.
In order to more explicitly report an estimate of WUE improvements that have occurred since the
last AWMP and an estimate of WUE improvements expected to occur five and ten years in the
future, SID has estimated the qualitative magnitude (expressed as None, Limited, Modest, or
Substantial in order of increasing relative magnitude) for the targeted flow paths associated with
each EWMP relative to the applicable WUE improvement categories identified in Table 7-6.
Past WUE improvements are estimated relative to no historical implementation. As SID has not
previously prepared an AWMP, WUE improvements relative to the last AWMP are not
evaluated. Future WUE improvements are estimated for five years in the future (2020) relative
to 2015 and for ten years in the future (2025) relative to 2015. The result of this evaluation is
provided in Table 7-8.
Table 7-6. WUE Improvement Categories.
Water Use Efficiency
Improvement Category
Reduce Irrecoverable
Losses
Increase Local Supply
Increase Local Flexibility
Increase In-Stream Flow
Improve Water Quality
Improve Energy Efficiency

Public Review Draft

Definition
Reduce losses that cannot be recovered and used by the water supplier
or downgradient users (e.g. evaporation and flows to salt sinks).
Reduce losses and/or increase storage locally to increase supply
available to meet demands, including both near-term (within an
irrigation season) and long-term (over more than one year).
Improve the supplier’s ability to divert, pump, convey, control, and
deliver available water supplies to meet customer demands.
Increase flow in natural waterways to benefit fisheries or meet other
environmental objectives.
Increase the quality of targeted water bodies (i.e. streams, lakes, or
aquifers).
Increase the efficiency of water supplier or customer pumps.
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Table 7-7. Applicability of EWMPs to WUE Improvement Categories.
Water Use Efficiency Improvement Category
Increase
Reduce
Increase
Increase
InImprove
Irrecoverable
Local
Local
Stream
Water
Losses
Supply
Flexibility
Flow1
Quality2

Water
Code
Reference
No.
10608.48.b
(1)

EWMP
Measure the volume of water delivered to
customers with sufficient accuracy

Implementation
Status
Being
Implemented

10608.48.b
(2)

Adopt a pricing structure based at least in
part on quantity delivered

Being
Implemented

10608.48.c
(1)

Facilitate alternative land use for lands
with exceptionally high water duties or
whose irrigation contributes to significant
problems, including drainage.

Not Technically
Feasible

10608.48.c
(2)

Facilitate use of available recycled water
that otherwise would not be used
beneficially, meets all health and safety
criteria, and does not harm crops or soils.

Being
Implemented



Being
Implemented



Being
Implemented



10608.48.c
(3)

10608.48.c
(4)

10608.48.c
(5)

10608.48.c
(6)
10608.48.c
(7)
10608.48.c
(8)
10608.48.c
(9)
10608.48.c
(10)
10608.48.c
(11)
10608.48.c
(12)
10608.48.c
(13)
10608.48.c
(14)

Facilitate financing of capital
improvements for on-farm irrigation
systems
Implement an incentive pricing structure
that promotes one or more of the
following goals:
(A) More efficient water use at farm
level,
(B) Conjunctive use of groundwater,
(C) Appropriate increase of
groundwater recharge,
(D) Reduction in problem drainage,
(E) Improved management of
environmental resources,
(F) Effective management of all water
sources throughout the year by adjusting
seasonal pricing structures based on
current conditions.
Expand line or pipe distribution systems,
and construct regulatory reservoirs to
increase distribution system flexibility
and capacity, decrease maintenance and
reduce seepage
Increase flexibility in water ordering by,
and delivery to, water customers within
operational limits
Construct and operate supplier spill and
tailwater recovery systems
Increase planned conjunctive use of
surface water and groundwater within the
supplier service area
Automate canal control structures
Facilitate or promote customer pump
testing and evaluation
Designate a water conservation
coordinator who will develop and
implement the water management plan
and prepare progress report.
Provide for the availability of water
management services to water users.
Evaluate the policies of agencies that
provide the supplier with water to identify
the potential for institutional changes to
allow more flexible water deliveries and
storage.
Evaluate and improve the efficiencies of
the supplier’s pumps.

No Direct WUE Improvements







Not Applicable to SID

Being
Implemented









Being
Implemented





Being
Implemented



Being
Implemented



Being
Implemented


























Being
Implemented
Being
Implemented

Improve
Energy
Efficienc
y


The activities of the Water Conservation Coordinator and other SID staff to
achieve WUE improvements through implementation of the EWMPs are
described individually by EWMP.

Being
Implemented



Being
Implemented










Being
Implemented



1. Increased in-stream flow could be a direct or indirect benefit water transfers between willing buyers and SID.
2. While many EWMPS could result in improved water quality through reduced diversions, reduced deep percolation, or reduced tailwater outflow, the
potential for improved water quality in stream flows in particular is very uncertain as it depends on coordination with USBR and others
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Table 7-8. Evaluation of Relative Magnitude of Past and Future WUE Improvements by EWMP.
Marginal WUE Improvements1,2
Past
Water Code
Reference
No.
10608.48.b
(1)
10608.48.b
(2)
10608.48.c
(1)

EWMP
Measure the volume of water delivered
to customers with sufficient accuracy
Adopt a pricing structure based at least
in part on quantity delivered
Facilitate alternative land use for lands
with exceptionally high water duties or
whose irrigation contributes to
significant problems, including
drainage.
Facilitate use of available recycled
water that otherwise would not be used
beneficially, meets all health and safety
criteria, and does not harm crops or
soils.

Implementation
Status
Being
Implemented
Being
Implemented

Relative to No
Historical
Implementation3

Future
Since Last
AWMP4

5 Years in
Future5

10 Years in
Future5

No Direct WUE Improvements
Limited

Not Technically
Feasible

None

Limited to Modest, Depending on
Structure

Not Applicable to SID

Being
Implemented

Modest

10608.48.c
(3)

Facilitate financing of capital
improvements for on-farm irrigation
systems

Being
Implemented

Substantial
(Limited
Reduction in
Irrecoverable
Losses)

None

10608.48.c
(4)

Implement an incentive pricing
structure that promotes one or more of
the following goals:
(A) More efficient water use at farm
level,
(B) Conjunctive use of groundwater,
(C) Appropriate increase of
groundwater recharge,
(D) Reduction in problem drainage,
(E) Improved management of
environmental resources,
(F) Effective management of all water
sources throughout the year by
adjusting seasonal pricing structures
based on current conditions.

Being
Implemented

Substantial
(Goals B & C)

None

10608.48.c
(5)

Expand line or pipe distribution
systems, and construct regulatory
reservoirs to increase distribution
system flexibility and capacity, decrease
maintenance and reduce seepage

Being
Implemented

Substantial
(Limited
Reduction in
Irrecoverable
Losses)

Limited
(Seepage
Reduction
from Vaughn
Canal Lining)

Modest
(Spillage
Reduction from
TCC)

Modest
(Spillage
Reduction)

10608.48.c
(6)

Increase flexibility in water ordering by,
and delivery to, water customers within
operational limits

Being
Implemented

Substantial

Limited
(Improved
tracking in
True Canal)

Modest

Modest

None

Modest
(Spillage and
Tailwater
Recovery
Sweeney/McCune
Creek Project)

Modest

10608.48.c
(2)

10608.48.c
(7)

Construct and operate supplier spill and
tailwater recovery systems

Being
Implemented

Substantial

10608.48.c
(8)

Increase planned conjunctive use of
surface water and groundwater within
the supplier service area

Being
Implemented

Substantial

10608.48.c
(9)

Automate canal control structures

Being
Implemented

Substantial

Being
Implemented

Limited

10608.48.c
(10)
10608.48.c
(11)

10608.48.c
(12)

10608.48.c
(13)
10608.48.c
(14)

Facilitate or promote customer pump
testing and evaluation
Designate a water conservation
coordinator who will develop and
implement the water management plan
and prepare progress report.
Provide for the availability of water
management services to water users.
Evaluate the policies of agencies that
provide the supplier with water to
identify the potential for institutional
changes to allow more flexible water
deliveries and storage.
Evaluate and improve the efficiencies of
the supplier’s pumps.

None

Limited
(Constructed
new well)
Modest
(Installation of
Rubicon gates
at Headworks)
None

None to Limited

Substantial
(Limited
Reduction in
Irrecoverable
Losses)

Substantial
(Limited
Reduction in
Irrecoverable
Losses)

Limited to Modest (Goals A and
D), Depending on Structure

Limited to Modest, Depending on
Specific Actions

Modest

Modest

None to Modest, Depending on
Customer Interest

The activities of the Water Conservation Coordinator and other SID staff to
achieve WUE improvements through implementation of the EWMPs are
described individually by EWMP.

Being
Implemented

Being
Implemented

Substantial
(Limited
Reduction in
Irrecoverable
Losses)

None

Substantial
(Limited
Reduction in
Irrecoverable
Losses)

Being
Implemented

Substantial

None

None to Modest, Depending on
Outcomes

Being
Implemented

Substantial

None

Limited

Substantial
(Limited
Reduction in
Irrecoverable
Losses)

Limited

1. As noted herein and throughout this analysis, reductions in losses that result in WUE improvements at the farm or district scale do not result in WUE improvements at the
basin scale, except in the case of evaporation reduction. All losses to seepage, spillage, tailwater, and deep percolation are recoverable within SID or by downgradient water
users within the basin.
2. In most cases, quantitative estimates of improvements are not available. Rather, qualitative estimates are provided as follows, in increasing relative magnitude: None,
Limited, Modest, and Substantial.
3. WUE Improvements occurring in recent years relative to if they were not being implemented.
4. Relative to SID’s last WMP prepared in 2008 and accepted in 2010. None means no increase in WUE since the last plan.
5. WUE Improvements expected in 2020 (five years in the future) and 2025 (ten years in the future), relative to level of implementation in recent years.
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9. SUPPLEMENTAL INFORMATION
The following attachments are included as part of this AWMP:




Attachment A: Rules and Regulations Governing the Distribution of Water in the Solano
Irrigation District (Revised November 20, 2012)
Attachment B: Customer Delivery Measurement Compliance Documentation
Attachment C: Solano Irrigation District Drought Water Management Plan
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CUSTOMER DELIVERY MEASUREMENT
COMPLIANCE DOCUMENTATION

ATTACHMENT A: RULES AND REGULATIONS GOVERNING THE
DISTRIBUTION OF WATER IN SID
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Rules & Regulations
Governing the Operation and Distribution of Irrigation Water
Within the Solano Irrigation District Service Area

November 20, 2012

The intent of this document is to supersede
“Rules & Regulations for Distribution of Water in the Solano Irrigation District”
(Revised 1980)

Rules & Regulations
Governing the Operation and Distribution of Irrigation Water
Within the Solano Irrigation District Service Area

PREAMBLE
These Rules and Regulations Governing the Operation and Distribution of Irrigation Water within the
Solano Irrigation District are established pursuant to California Water Code Section 22257 which states
that, “each District shall establish rules for the distribution and use of water, which shall be printed in
convenient form for distribution in the district.” Solano Irrigation District has established these rules to
ensure equitable, economical, and efficient distribution, use, and conservation of water resources
available to the District. The Solano Irrigation District is dedicated to and will strive for the orderly and
timely delivery of those water resources through every effort possible within the physical and
operational constraints of the distribution facilities and operators. The District is committed to
excellence in resource management and all aspects of operation.

MISSION STATEMENT
“To provide safe and reliable water to our farms, families, and businesses.
As stewards of our precious local water resources, we are committed to
responsible environmental and fiscal management in order to protect and
ensure those resources into the future.”
-

SOLANO IRRIGATION DISTRICT
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GENERAL INFORMATION
The District is a local public agency of the State of California organized in 1948, includes 60,000 acres
and maintains over 178 miles of laterals and pipelines, 23 deep well pumps and 55 recovery pumps.
Some of the rights to operate and maintain such facilities were acquired by use for the period required to
create a prescriptive right or adverse possession and have the same affect and validity as if they were set
forth in a deed.
Water to supply the District comes from the Solano Project under well-established water rights and also
by recapture of drainage water and pumping from wells. The District’s average annual water supply is
155,000 acre-feet.
The District is governed by a five member Board elected by the people in the District’s service area.
Regular meetings of the Board are held at the District office located at 810 Vaca Valley Parkway,
Vacaville, California, at 7:00 p.m. on the third Tuesday of each month. All meetings are open to the
public. Water users in the District are particularly urged to attend. Special meetings are also held.
Advance notice of special meetings is available in the District office and posted as required by law.
The Board endeavors to carry on the affairs of the District in an economical, businesslike, and orderly
manner and to distribute water equitably to the water users. The District makes no profit. To assist in
this effort and to secure the greatest good to the greatest number, the following rules are adopted
pursuant to Section 22257 and 22283 of the California Water Code and related sections. Each Irrigator
and Landowner, as a party directly interested in the welfare of the District, should make every effort to
see that the rules are complied with.
These rules and regulations may be changed at any time by order of the Board.

DISTRICT PERSONNEL
The Board employs a Manager to act as the principal administrative officer of District operations. The
Manager is directly responsible to the Board. Under the Manager is a Water & Power Operations
Manager who supervises such District activities as are assigned by the Manager to that position.
However, in general, the Water & Power Operations Manager is responsible for maintenance, repair,
and improvement of District works, and is responsible for the apportioning and distributing District
water to its Water Users. The Water & Power Operations Manager distributes the water through
Watertenders employed by the District who work under the Water & Power Operations Manager’s
direction through a Supervisor of Operations.
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SECTION 1: DEFINITIONS
“Board” means the Board of Directors of the District.
“Conduits” means canals, laterals, ditches, drains, flumes, pipes, measurement, and control
devices, and all related operational facilities.
“District” means the SOLANO IRRIGATION DISTRICT functioning under Irrigation District
Laws of the California Water Code.
“District Conduit” means any conduit owned or leased by the District according to District
records but does not include Improvement District Facilities.
“District Facilities” includes dams, structures, wells, conduits, pumps, reservoirs, and all other
facilities of the District as identified by records, but do not include Improvement District
Facilities.
“Engineer” means the District employee serving under the direction of the Manager in regard to
the management and supervision of any and all engineering activities.
“Improvement District” means an improvement district formed under the California Water Code
pursuant to the Irrigation Improvement Act.
“Improvement District Facilities” include conduits, pumps, wells, structures, and other facilities
owned by an Improvement District.
“Irrigator” means the person responsible for the distribution and control of irrigation water
applied to the irrigated parcel.
“Irrigation” means the application of water for the purposes of stimulating or maintaining growth
of plant life.
“Landowner” or “Owner” means holder of title or evidence of title to land.
“Manager” means the General Manager of the District.
“Person” means any person, firm, association, organization, partnership, business trust,
corporation, or company.
“Private” means any interest belonging to, restricted to, or intended for an individual or group of
individuals benefit.
“Pollutant” means any earth, debris or foreign or deleterious substance or material including, but
not limited to, garbage, rubbish, refuse, animal carcasses, matter from any barnyard, stable, dairy
or hog pen, herbicides, pesticides, or any other material which is offensive to the senses or
injurious to health, or which pollutes or degrades the quality of the receiving water as defined by
federal, state or local law.
“Tenant” means a person or entity that leases, rents, or sharecrops land of a Landowner.
“Shall” is mandatory and “may” is permissive.
“Vehicle” means any motor vehicle, self propelled vehicle, motorcycle, motorized bicycle, or all
terrain vehicle.

“Water Allotment” means the base quantity of water which is set annually by the Board for each
acre of land within the District which can receive District water from District Facilities directly
or through Improvement District or Private Facilities and which comply with these rules.
“Watermaster” see “Water & Power Operations Manager” – used interchangeably
“Water & Power Operations Manager” means the District employee serving under the direction
of the General Manager in regard to the management and supervision of the Water Operations
Department. Used interchangeably with “Watermaster”.
“Watertender” means the District employee serving under the direction of the Water& Power
Operations Manager in regard to the control and delivery of irrigation water.
“Water User” means the person(s) who has the primary responsibility for use of the District
water upon the parcel.
“Works of the District” include canals, laterals, ditches, drains, pipelines, conduits, pumps,
reservoirs, valves, check gates, weirs, measuring devices in or used in connection with such
facilities, and all other facilities of the District used in connection with the performance of its
business in place or hereafter installed according to District records.
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SECTION 2: ENFORCEMENT OF RULES & REGULATIONS
General
2001

Landowners and irrigators should realize that it is in their interest that District
personnel perform their duties and maintain order and control in the distribution of
water. Cooperation in this effort is the key to satisfactory service to all. District
personnel have been instructed to carry out their duties without favor or bias to any
person and to do so in a courteous and respectful manner.

2002

All Water Users, by applying for or receiving water service from the District, agree to
be bound by and to comply with all rules and regulations of the District, as adopted
from time to time by the Board.

2003

All District employees are charged with enforcing the rules and regulations as
established by the District.

Failure to Comply with Rules & Regulations
2004

Failure or refusal of any Landowner, Water User, Irrigator or renter, to comply with
the rules and regulations governing the distribution and use of water within the
District’s service area, or any part thereof, may be sufficient cause for curtailment or
termination of delivery of District water to the parcel and/or all parcels under the
control of the violator.

2005

Interference by any Landowner, Water User, Irrigator, or renter with a District
employee, agent or official in the course of their assigned duties may be sufficient
cause for curtailment or termination of delivery of District water to any and all
improvements, lands of that Landowner, other land or improvements rented or famed
by that party, Water User, Irrigator, or renter.

2006

The District reserves the right to terminate or discontinue the delivery of District
water supplied to any parcel of land if the condition of the land improvements or
irrigation facility may pose danger to any person, to the general public, or to any
property, including, but not limited to, the flooding of property or public roads or
improvements.

2007

Compliance with each and all of these rules shall be a condition precedent to the
delivery of water to any parcel of land. The Board of Directors retains the authority to
rule in all instances that are not specifically contained in these rules and regulations.

Restoration of Service
2008

Water delivery that has been curtailed or terminated will be restored upon full
compliance with the rules and regulations governing the distribution of and use of
water within the District’s service area.
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Disputes
2009 Where a Watertender or other District employee and an Irrigator or Landowner cannot
agree, the matter shall be referred to the Water & Power Operations Manager. If the
decision of the Water & Power Operations Manager is unacceptable to the Irrigator or
Landowner, the dispute may be taken to the Manager and, if not settled by the
Manager the matter may be presented to the Board after written notice to the Irrigator
and Landowner for a hearing. The decision of the Board shall be final and binding in
the absence of court proceedings.
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SECTION 3: FACILITIES
Control of Facilities
3001

All District Facilities are under the exclusive control, direction, and management of
authorized District personnel. At no time shall any unauthorized person, private or
public, interfere with, regulate, or control any District facility.

3002

Inquiries in regard to control of District facilities shall be directed to the Water &
Power Operations Manager.

Operation of Facilities
Limits of Liability
3003

The District’s responsibility for the quality or any damage that might arise from or be
related to the water deliveries shall cease when the water is diverted into any Private
Facility and the Landowner and Irrigator accept and assume responsibility and control
of the water when delivered. If water is ordered by the Landowner or Irrigator to be
delivered into the Private Facilities and the Private Facilities are not ready or in a
condition to accept the deliveries at the time affirmed for the delivery by District and
the Landowner or Irrigator and damages are caused to other lands, facilities or
property or injuries to persons as a result of overflow or spillage of the water, the
Landowner and Irrigator shall be liable for defending and indemnifying the District, its
officers and employees from any claim for damages or injuries.

3004

The District shall not be liable for any nuisance or neglect, wasteful or other use, or
handling of water by any recipient or user thereof.

3005

The District shall not be responsible for any trash, debris, or earth, other deleterious
matter that may flow or accumulate in the water. The District shall not be responsible
for any interference with, decrease in the operation or capacity of, or damage to
facilities, public or private, as a result of such trash, debris, or other materials within
the water.

3006

The District is not a guarantor of service and shall not be liable for any damage any
person may suffer as a result of insufficient water, a surfeit of water delivered, water
fluctuations, untimely delivery of water nor water not delivered.

Conduits (Main Canals, Sub-Laterals, & Pipelines)
3007

The operation of District Conduits shall be at the discretion of the Watertender. This
includes the determination of the safe operating level or capacity of all Conduits.

3008

Operation of the District Conduits is subject to change at anytime without prior notice.

Control Structures
3009

Center gates, valves, weirs, flashboards, and other control devices not listed here, are
to be operated by the Watertender. The Watertender may adjust any such facility at
anytime without prior notice to better provide for the safe operation of the delivery
system.
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3010

Watertenders authorized to operate control structures within their defined service area
may, with prior permission of their District supervisors, authorize trained non-district
personnel permission to adjust settings when it is impractical for the Watertender to do
so. Permission is granted to the non-district personnel for the specific circumstance.
Permission to operate shall not establish any blanket or extended authority for later
events or conditions. A failure to be able to contact a water tender is not a basis for
assuming authority to operate the District or private facility.

3011

District personnel are authorized to take any measures necessary to secure control
structures including, but not limited to, the use of locks and chains. The failure to lock
a facility is not evidence of authority of Landowners or Irrigators to adjust or alter the
facility.

Pumps
General
3012

The District owns and operates a number of deep well pumps, deep drainage pumps
and reclamation pumps to supplement the water supply diverted from the Solano
Project. During the irrigation season these pumps will be operated at the discretion of
District staff and coordinated with the operation of the distribution system.

3013

The operation of District owned pumps depend on a variety of circumstances.
Watertenders under the direction of Operations Supervisors shall determine the most
efficient and appropriate times to operate the pumps. Landowners and Irrigators may
not rely on or specify delivery of water from those facilities.

Reclamation
3014

Reclamation pumps shall be used as a method of water conservation and water use
efficiency.

Deep Wells
3015

Deep wells may be used as a permanent or supplemental source of irrigation water for
Water Users. Operation of deep wells to deliver irrigation water shall not constitute or
set precedence for future deliveries. Landowners and Irrigators must administer their
crops assuming the irrigation season limits will be strictly enforced and that water
from wells, reclamation pumps or similar facilities will not be available. The District
shall have no liability for damages should those facilities not be made available for
delivery of water to lands either during or outside the period of the irrigation season.

Booster
3016

The Watertenders shall determine the most efficient and appropriate use of booster
pumps in order to deliver scheduled irrigations to maximize the benefit of booster
pump operation.

3017

Booster pumps shall only be used when it is impractical to deliver gravity water and
are not to be used or relied upon to provide pressurized water deliveries to crops or
lands.
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Turnouts
3018

The operation of turnouts from District Facilities shall be at the discretion of the
responsible Watertender.

3019

All turnouts from District Facilities shall be gated or shall have another positive shutoff system easily accessible to the Watertender within the District rights-of-way.

3020

The Water & Power Operations Manager has the authority to lock or secure any and
all turnouts from District facilities at any time for violations of the rules and
regulations. The installation and locking of the gate or control facility shall be
accompanied by written notice. Verbal communication proceeded by written
notification will be provided to the owner of the locked or secured turnout by the
Water & Power Operations Manager. The notification shall provide the background
and justification of locking or securing the affected turnout. The notification shall also
outline procedures or conditions that the owner shall complete in order for the District
to remove the lock or security device.

3021

Watertenders have the authority to authorize for the operation of turnouts by private
individuals in the event that the Watertender is unavailable to operate said turnout at a
critical or scheduled time. Upon granting permission, the Watertender shall
investigate to confirm that the turnout was operated appropriately and as directed, as
soon as time permits. Permission to operate turnouts from District Facilities shall be
considered a distinct and solitary event and shall not establish any precedence for
future events or blanket authorization or authority in similar conditions.

3022

Any turnouts constructed in District Conduits in accordance with District requirements
at the Landowners' expense are thereafter the property of the District at the option of
the District. The assumption of ownership shall be in writing. If the District does not
accept title to the turnout, the Landowner is liable for all cost of maintenance and
reconstruction whether or not the turnout facility is accepted as owned by the District,
the Landowner may be required to provide at its cost for new or reconstructed turnout
facilities with different capabilities from time to time to meet new standards of
measurement or efficiency or to accommodate changes in the District delivery system
or operations.

Private Facilities
3023

All privately owned lift or sprinkler pumps that will pump water from works of the
District or from natural or artificial drains conveying water subject to recapture by the
District shall be placed under District supervision and control as to time of use and
extent of use. All such pumps shall be operated solely at the owner's risk and the
District shall not be liable for any damage or failure of such installation.

3024

All bridges and culvert crossings on District owned laterals and drains shall be the
responsibility of the Landowner unless the District has a recorded contractual
obligation therefor. The District may contribute to the maintenance cost of crossings
essential for use by the District in its maintenance and operation work. The fact that
District may have aided or contributed to installation, repair or reconstruction of a
bridge, culvert or other crossing shall not constitute evidence of an obligation to do so
in the future. The District Board of Directors has the exclusive authority to enter into
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agreements relating to the obligation to repair, reconstruct or replace facilities of this
nature and such action must be placed on the minutes of the District meeting,
memorialized by written agreement and must be recorded to be binding upon the
District in regard to successor owners of the lands affected.
3025

The District will not contribute to the cost of improving privately owned facilities or to
improving works of the District for the benefit of individual landowners unless the
Board concludes the improvements are essential for District operations. Work shall
not begin on cooperative improvements until a written agreement for doing such work
is approved by the Board and the landowners' share of the cost is paid to the District.

3026

All Private facilities shall be constructed and maintained by the owner in accordance
with acceptable industry standards as approved by the District in advance.

3027

All Private facilities shall be free from weeds and other obstructions, and properly
maintained to permit sufficient capacity to convey the reasonable flow of water
requested by any Water User in a manner that minimizes the potential of ditch bank or
levee breaks, overflow, undue seepage, or any other unreasonable use of irrigation
water.

3028

The operation of Private facilities is the sole responsibility of the owners and shall be
conducted in such a manner as to prevent the unnecessary waste of water and prevent
damage to third parties or injuries to persons or property.

3029

In the event that an owner of a Private facility in disrepair has been notified of the
inadequacy of the facility by the District and has failed to correct the condition and
improve the condition of said facility, the District, in its discretion, may complete the
necessary repairs in order to protect the various interests of the District. In such an
event, the District shall bill the owner of the Private facility for any and all costs
associated with making the necessary repairs and corrections as may be appropriate.
The charges of the District shall include reasonable costs of overhead and general
administration costs of the District and interest at the delinquent interest rate charged
upon water charges. The District shall, if the charges are not promptly paid to the
District, terminate water service and provide for addition of the delinquent charges to
the Assessments payable to the District.

3030

The operation and maintenance of Private facilities by the District shall not establish
any ownership or set any precedent for any future operation or maintenance of said
facility.

3031

The Watertender shall deliver the scheduled amount of irrigation water to the Private
facility. It shall be incumbent on the Water Users from Private conduits to control the
actions of individuals taking water from Private conduits. Any disputes of water
allocation downstream of the District delivery point shall be resolved among the
owners of the Private facility. The District does not guarantee or ensure the
apportionment of deliveries among irrigators taking delivery from Private facilities.

3032

The District shall not be responsible for any damages to Private facilities caused by
water hammer. Water hammer is a result of poor system design, for which, the
District shall not be liable.
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3033

The District may refuse to deliver water to any person not complying with an
obligation to maintain or help maintain any Private conduit and may deliver water to
other Water Users from a conduit who have met the maintenance obligations.
However, the District shall maintain the right to discontinue the delivery of any water
to all Water Users through a Private conduit until such time as the conduit is put into a
proper condition as determined by the Water & Power Operations Manager.

Private Use of District Facilities
General
3034

Absent the District’s express written approval issued by the General Manager or
Board of Directors, private use of District Facilities is strictly prohibited.

3035

Any and all use of District Facilities by any person or agency, public or private, shall
be solely permitted by written permission of the District and shall be in compliance
with any and all applicable federal, state, and local laws, statutes, regulations, and
other terms and conditions properly established.

3036

At no time shall District Facilities be used for recreation purposes, including but not
limited to, swimming, diving, boating, hunting, or fishing.

3037

Except as otherwise specifically permitted by written agreement with the District,
water contained within District Facilities, either flowing or non-flowing, shall at no
time be used for purposes of stock water. It is the sole responsibility of livestock
owners to provide a source of water for livestock outside District rights-of-way and
facilities.

3038

Livestock is not permitted on District canal banks. The owners of the livestock and
the land on which they are pastured are liable for any damage caused to District
Facilities by livestock and shall promptly make repairs in a good and workmanlike
manner. If after proper notification has been given repairs are not promptly so made,
the District may make them and bill the owner of the livestock or land involved for the
cost thereof.

Drainage
3039

No surplus irrigation water, storm water, wastewater, tile drainage, nor any other water
or substance shall be drained, dumped, pumped, siphoned, or otherwise discharged
directly or indirectly into any District Facility without the prior written permission of
the District. In granting written permission to discharge, the District may impose
reasonable conditions, including, without limitation, the right of the District to approve
and monitor the discharger’s measurement facilities. Permission to discharge shall be
revocable by the District at any time and for any reason as determined appropriate by
the Water & Power Operations Manager.

3040

Water and other substances, permitted through written agreement that are discharged
into District Facilities shall meet all applicable federal, state, and local water quality
standards and provisions.
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3041

Written District approval to discharge into District Facilities shall only be granted to
those parties who have coverage from the Regional Water Quality Control Board
under a waiver or waste discharge permit. Having coverage from the Regional Water
Quality Control Board does not guarantee approval or establish a right to discharge
into District Facilities.

3042 The rate and quantity of discharge into any District Facility may be subject to
limitations based on the capacity of the facility and the quality of water or other
substance being discharged. The Water & Power Operations Manager shall be so
empowered to set forth such limitations in writing.
3043

All discharge facilities shall be constructed and maintained at the sole expense of the
discharger, and must be in accordance with District standards.

3044

All approved discharges to District Facilities shall be limited to one 8 inch diameter
outlet per 40 acres of irrigated land, unless otherwise dictated by topography as
determined by the Water and Power Operations Manager. The outlet shall be gated
such that any authorized District employee may close and/or lock the outlet in the
event that such control is warranted to protect water quality or for the benefit of the
District.

3045

Where excessive runoff from lands receiving District water is entering District
Facilities, the District may reduce the quantity of water delivered in an effort to reduce
the drainage flows or require the Landowner to install special drainage facilities to
regulate the flow into the District Facilities. The District may also require a
Landowner to cease all such runoff into District Facilities whenever necessary for the
District’s or the public’s interest, including, but not limited to, ensuring water quality
standards, preventing injury or damage, or performing repairs or maintenance or to
further reasonable conservation of water.

3046

All existing discharges to District Facilities, not currently covered by a written
agreement, shall be subject to the District’s current terms and conditions.

Transportation
3047

No person or agency, public or private, shall transport any water or other substance
through District Facilities without the prior written agreement of the District. In
granting permission to transport water or other substances, the District may impose
reasonable conditions, including, without limitation, the right of the District to set flow
and water quality limits and to require monitoring at dischargers expense. Permission
to transport shall be revocable at any time and as determined by the Water and Power
Operations Manager.

3048

Water and other substances, permitted through written agreement to be transported via
District Facilities, shall meet all applicable federal, state, and local water quality
standards and provisions.

3049

All transport facilities and measurement facilities shall be constructed at the sole
expense of the transporter, and must be in strict accordance with the construction and
design standards of the District.
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3050

All existing transportations through District Facilities not currently covered by a
written agreement shall be subject to the District’s current terms and conditions.

Pumps
3051

No person or agency, public or private, shall be allowed to operate or control any
District owned pumps without the written approval of the Water & Power Operations
Manager. Written authorization to operate District owned pumps shall be considered a
distinct and solitary event and shall not establish any right or precedence for future
events or requests.

3052

A written request shall be submitted to the Water & Power Operations Manager at a
minimum of ten (10) days in advance of the proposed pumping event. The use of
District owned pumps is subject to termination at any time for any reason as
determined by the Water & Power Operations Manager.

3053

The Water & Power Operations Manager is to make reasonable effort to confirm that
the person granted permission to operate the pump is properly trained and
knowledgeable about the safe and responsible operation of pumps and pump drivers.

3054 During periods the District is not using a District pump, requests may be made with
the Watertender in charge or with the Water & Power Operations Manager for private
rental of the pump in accordance with the following:
(a) Pump rentals will be granted in the order in which requests with accompanying
payment are received.
(b) Rental time will be determined and assigned by the Watertender or Water &
Power Operations Manager.
(c) No extensions of rental time assigned will be granted unless there is no one
waiting for the use of the pump.
(d) No renter will be allowed to rent the same pump for a second period until all
those on the waiting list have had the opportunity to use the pump.
3055 Once a pump is started, no refunds will be made for the hours not used except under
the following conditions:
(a) Should the hours rented be interrupted by rainfall and the landowner has
requested that the pump be turned off, a refund of the unused hours may be made
upon request.
(b) Should regular scheduled gravity water or District pumped water become
available, thereby causing an early termination of the rental period, a refund of
the unused portion may be made upon request.
All requests for refunds must be made in writing within fifteen (15) days of the
termination of delivery.
3056

The District shall limit water supplied by pump rental to not more than 2.4 inches per
acre per irrigation if that pump is in demand by other Water Users.

3057

The District reserves the right to not rent a pump or to cancel a rental and refund the
deposit made if the pump use will interfere with District maintenance or other District
operations.
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3058

A District employee will have complete charge of turning pumps on and off and
servicing them.

3059

The Watertender has complete charge of setting up and operating the gates, weirs and
other facilities in the District conduit that will be used. The pump renter shall be
responsible for monitoring and reporting any interruption in delivery.

3060

If the pump is off due to power failure, breakdowns, or other causes, the down time
will be added at the end of the rental period.

3061

The charges for all pumps will be determined from the power meter.

3062

The District will endeavor to anticipate the probable demand for private use of a pump
and limit the periods of rental to endeavor to provide all probable renters with a period
of use.

3063

The rental period begins with the “time on” and ends with “time off” at the pump. No
allowances will be made for time required to fill conduits; however, the time required
to fill the conduit may be prorated among those using the water.

3064

The District shall establish the rental rate for each pump. Such rate is subject to
change without notification.

3065

Payment of all pump rental for the entire rental period must accompany the application
for rental. No application will be recognized until the payment is received, and the
time of application shall be the time of payment.

Rights-of-Way
3066

District canal roads, rights-of-way, easements, and lands owned by the District are
intended to be used for District operations and maintenance activities. No
unauthorized Vehicle shall be permitted on or within District canal roads, rights-ofway, easements, or lands owned by the District. District canal roads, rights-of-way,
easements, and lands owned by the District are for the exclusive use of authorized
District employees and agents, and other authorized persons permitted in accordance
with these Rules and Regulations or Landowner’s retained real property rights which
are of record. Persons requiring a specific use of a canal road, right-of-way, easement,
or land owned by the District may apply to the District for written permission prior to
such use. Notwithstanding any permission granted by the District, use of District
canal roads, rights-of-way, easements, and lands owned by the District is at the sole
risk of the user. Use which is not authorized in writing by District which District is
aware of shall not give rise to prescriptive rights or claims of estoppels to terminate
that use.

3067

The following persons are authorized to operate a Vehicle upon a District canal road
or right-of-way provided the District approves in writing the manner of use or the
Landowner is exercising rights of record retained by the Landowner’s lands: (1)
Persons actively involved in farming a parcel of land adjacent to the specific District
canal road, right-of-way, easement, or land owned by the District; (2) Persons actively
involved in farming who use the specific District canal road, right-of-way, easement,
or land owned by the District for access to irrigation facilities serving their parcel of
land; (3) Persons whose property is directly adjacent to the District canal and to whom
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permission for ingress and egress to the property has been granted by the District and
the permission does not exceed District’s authority of record; and (4) Any sheriff,
police, fire, or public, safety personnel on official business.
3068

The District reserves the right to bill the owner of any livestock, for any and all costs
associated with the maintenance or repair of facilities damaged by their livestock.

Crossings/Culverts/Bridges
3069

Except as otherwise specifically permitted by the District in writing, no person shall
cross any District Facility, including without limitation any canal, pipeline, weir,
bridge, or other crossing, except those clearly marked for public use.

3070 No improvements such as buildings, bridges, gates, cross canal pipes, facilities, etc.,
shall be constructed or placed in or over any District Conduit until applications for an
Encroachment Agreement or Revocable License Agreement have been made to the
District and Board authorization is granted therefor. The applicant does not acquire
any rights in the District's right-of-way other than those set forth in the signed
agreements.
3071

All such permitted buildings, bridges, gates, cross canal pipes, or other cross canal
facilities shall be constructed, erected, installed, and maintained at the Landowner’s
expense and built in accordance with the construction and design standards of the
District where applicable.

Charges
3072

Any person or agency, public or private, shall pay any and all charges established by
the District for the non-District use of District Facilities and processing requests for
authority to use District facilities. Payment must accompany the request for approval
prior to use. Therefore any request submitted without accompanying payment will be
deemed incomplete and discarded.

3073

The District shall bill for any and all additional charges resulting from the non-District
use of District Facilities that are not covered by original payment. Charges shall be
paid in full by the responsible party within 30 days of the District invoice date.

3074

The District assumes that the user is properly prepared to use the specific District
facility authorized to be used for the duration of the requested time. The District shall
not refund or credit any user for downtime resulting from operational decisions made
by the user. In the event of a facility failure not resulting from inappropriate use or illtreatment of District equipment, a credit for use shall be established directly
proportional to the duration of the downtime.

3075

A written petition for a partial refund or credit may be submitted to the Board of
Directors within fifteen (15) days of the nonscheduled termination of use.

Liability
3076

Any person entering upon District property or District right-of-way does so at their
sole risk and assumes all risks associated therewith and by such action accepts the
responsibility for any resulting damage to District or Private property and to indemnify
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and defend District, its officers, directors and employees for expenses, damages or
claims arising from the entrance or use of District facilities, including reasonable
attorney fees and expert witness costs incurred in the defense.
3077

Dischargers are solely liable and responsible for meeting and complying with all local,
state, and federal regulations of water quality and subsurface pumping. Dischargers
agree to indemnify, defend, and hold harmless the District, its Board, officers,
employees, and agents against all liability, claims, damages, and costs (including
reasonable attorney fees) relating to the quality of water discharged by the discharger.

Access to Lands
3078

The Watertenders and other authorized agents of the District shall have access, to all
Private Conduits and lands being irrigated for the purpose of determining whether or
not the Conduits are in satisfactory condition to handle the water and whether the
water is being used efficiently and economically. The application for receipt of water
and the receipt of water service constitutes agreement of the Landowner and Irrigator
that the District personnel shall have reasonable access, provided verbal notice is given
in sufficient time that the Landowner and or Irrigator may be present to accompany the
District personnel, for the purposes of conducting inspections and documenting the
conditions of water delivery facilities and the use of District water.

3079

The District shall have reasonable access to any lands whether within or outside
District when responding to an emergency related to District facilities or operations
upon notification from law enforcement or other person of the emergency conditions.

3080

If the District holds a right-of-way or easement across Private land for the operation
and maintenance of a canal or other facility, the law provides that the District shall
have certain secondary rights, such as the right to enter upon the property on which the
right-of-way or easement is located; to make repairs; and do such things reasonably
necessary for the efficient and economical operation and maintenance of the system.
Landowners and Irrigators shall reasonably cooperate with District in the exercise of
this secondary easement.

Encroachments
3081

No trees, vines, shrubs, corrals, fences, buildings, bridges, or any other type of
encroachment shall be planted or placed in, on, over, or across any District Facility; or
the rights-of-way including secondary easements therefor except pursuant to specific
written authority of the Water and Power Operations Manager. Any such
encroachment of an unusual or extraordinary nature shall be approved by the Board.
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3082

Any encroachment, authorized or otherwise; in, on, over, under, along, or across any
District Facility or right-of-way that interferes with or unreasonably burdens the
operation or maintenance of said facility may be immediately revocable and subject to
removal by the District, at the sole expense of the encroacher or adjacent Landowner.
Authorization for an encroachment is immediately revocable if and when said
encroachment is determined to be interfering with or burdening District operations.

Construction of Irrigation Facilities
3083 No private stop gates, stand pipes, turn out pipes, or valves, lift or sprinkler pumps or
other privately owned facilities shall be connected to or placed in or on District
Conduits or in drains conveying District water unless and until all the following have
occurred:
(a) A written application setting forth the type and specification of the installation to
be made is filed with the Water and Power Operations Manager.
(b) The application and specifications are approved in writing by the Water and
Power Operations Manager prior to start of construction.
(c) If any of the work is to be performed by District personnel or under District
contract, the full estimated cost to the District shall be paid to the District by the
applicant in advance; however, the applicant shall be responsible for the actual
costs of construction irrespective of the amount of the estimate. Upon
completion, the applicant shall pay the difference between the estimated amount
and the actual costs if the estimate is exceeded. If the actual cost is less than the
estimate, the applicant will receive a rebate from the District for the overpayment.
(d) In order that all involved be protected, in instances and to the extent the Water
and Power Operations Manager deems appropriate, a written contract shall be
entered into specifying the conditions of performing the work and conditions
applicable to the use of the facilities.
(e) If the work can affect the flow of water in works of the District, the work must
only be performed during times approved in writing by the Water and Power
Operations Manager. Ordinarily, in the absence of an emergency, such work will
not be permitted during the period of April 1 to November 1.
3084

No irrigation system improvements, including without limitation diverting gates,
weirs, pump intakes, mechanical screens or structures of similar nature, shall be
installed, constructed or placed in, on, over, under, along, or across any District
Facility or right-of-way unless written permission, in the form of an encroachment
agreement and/or a revocable license agreement, has first been granted therefor by the
District. No permitted person or agency, public or private, shall acquire any rights in
the District’s Facilities or rights-of-way other than those set forth in the District’s
agreement. Permittees shall, at their sole expense, upon receipt of notice from the
District, promptly relocate or remove any improvement. In the event that the
Permittee fails to do so, the District reserves the right to perform such relocation or
removal at the Permittee’s sole expense.

3085

No improvements, including without limitation buildings, bridges, culverts, gates,
corrals, landscaping, recreational pools, cross-canal conduits, or structures of similar
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nature, shall be planted, installed, constructed, or placed in, on, over, under, along, or
across any District Facility or right-of-way unless written permission has first been
granted therefor by the District. No permitted person or agency, public or private,
shall acquire any rights in the District’s Facilities or rights-of-way other than those set
forth in the District’s agreement. Permittees shall, at their sole expense, promptly
upon receipt of notice from the District, relocate or remove any improvement. In the
event that the Permittee fails to do so, the District reserves the right to perform such
relocation or removal at the Permittee’s sole expense.
3086

Except where otherwise specified by agreement, all improvements, irrigation or
otherwise, shall be at the sole expense of the Permittee and constructed in accordance
with District construction and design standards. Permittee shall hold the District free
and harmless from any liability or costs related to or arising from such improvements.

Design of Irrigation Facilities
3087

The District water distribution system was established to maintain the capacity to
deliver water to parcels of an assumed size at an assumed delivery rate. The division
or change in the dimensions of parcels may require modification of District Facilities
and/or the construction of new privately owned facilities. The District will not permit
the service of more than one Landowner’s land through private facilities as the result
of division of parcels and the proposal of a division of land or reconfiguration of
parcels of land must be approved by the District in advance of the division or a
violation of these rules and regulations will occur and all parcels of land subject to the
change may be subject to termination of water service.

3088

All new Private or Improvement District Facilities are to be approved, in writing, by
the District Engineer prior to the start of construction. Plans and construction details
shall be submitted to the District along with payment of any charges and a written
request.

3089

The District Engineer shall have the authority to approve any new Private or
Improvement District Facilities. The design of said facilities shall be required to meet
the flow requirements of the land being served without negatively impacting or
burdening operations of the District or other Landowners. The District’s rights
hereunder to review and accept the plans shall not impose any duties or obligations on
the District, nor shall such review or approval relieve the Water User of the sole
responsibility for the facilities’ plans, schedules and installations, and construction and
placement of work.

3090

Water Users shall be required to install, operate, and maintain lift or booster pumps, at
their sole expense, for all irrigation improvements that cannot utilize District delivered
gravity water.

Improvements/Relocation of Irrigation Facilities
3091

If extensions of District Conduits, increases in capacity or additional outlets are
desired, they must be approved by the Board and the desired construction or
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modification must be done in accordance with District specifications at the sole
expense of the person desiring the work to be done. The estimated cost shall be
deposited with the District in advance of the start of the work.
3092

Any person desiring to build on or develop the area over a District Conduit or to move
or relocate a lateral or drain, must apply in writing to the District and receive written
approval of the Board prior to commencement of work. Once permission is granted,
all construction shall be performed in a good and workmanlike manner approved by
the Engineer in accordance with all legal requirements and at the sole cost of the
applicant.
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SECTION 4: DUTIES OF WATER USERS
Responsibilities
4001

All land to be irrigated shall be properly prepared to efficiently and economically
receive water.

4002

Water Users shall maintain Private facilities in a manner that is conducive to the
reasonable and beneficial use of supplied water. The Water User is responsible for
ensuring that all Private facilities are in an acceptable working condition, able to
receive water at the irrigation start time, and capable of continued use for the duration
of the irrigation event.

4003

Water Users shall be responsible for the control and distribution of water to their lands
at all times after the water is diverted from a District Facility. As determined by the
District, where control is not appropriately exercised by the Water User, the District
may require that an Irrigator be present at all times during irrigation events.

4004

Water Users shall be responsible to close all Privately owned gates and valves at the
conclusion of the irrigation event.

4005

Water Users are responsible for communication with the Watertender. The District
requires that the Watertender be notified of any planned or unplanned changes that
may occur during the irrigation event. At a minimum, the Irrigator is responsible for
notifying the Watertender four (4) hours prior to any change in, or termination of, the
irrigation event.

4006

The Watertender may require any Water User, at the end of an irrigation event, to
notify the Water User next in line for the receipt of water.

4007

For the purposes of determining operation schedules and water demand, the District
requires that Water Users submit a crop declaration report to the District prior to first
irrigation event of the irrigation season. The crop declaration report shall include
without limitation the assessor’s parcel number, type of crop, number of acres of each
crop type, an estimate of the annual crop water requirement and the amount of private
groundwater anticipated to be used.

4008

All Water Users are responsible for providing the District with the most current and
accurate contact information. At a minimum the District requires that Water Users
provide a mailing address, Landowner telephone number, and Irrigator telephone
number. The crop declaration report shall also include the names and contact
information for any authorized agent of the property. An authorized agent as
determined on the crop declaration report will be used by the District in determining
who can place water orders for the property during the specified irrigation season.

Use of Water
4009

All District supplied water must be applied efficiently and used reasonably and
beneficially.
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4010

When delivery of water is made, the water shall be used day and night at the
authorized rate of delivery until the irrigation event is completed.

4011

All District supplied water shall be used for irrigation purposes, except where a written
agreement has been entered into between the Water User and the District.

4012 Any Water User who wastes water on roads, vacant land, or land previously irrigated,
either willfully, carelessly, or on account of defective or inadequate conduits or
facilities, or inadequately prepared land, or who floods a portion of the land to an
unreasonable depth or amount in order to irrigate other portions, or floods across one
parcel to irrigate another parcel, may be refused District water until such conditions
are remedied.
4013

Water shall not be used on lands outside of District boundaries except where agreed
upon through an annual Out of District Service Agreement. Water Users shall not use
water on lands outside the District that was originally applied on lands within the
District, whether by routing through a conduit, first flowing it across land within the
District, recapturing it from drains, or otherwise. The District has the authority to
terminate any current or future water use if it is determined that the aforementioned
event has occurred. The District may also require that facilities be constructed to
ensure that future deliveries are maintained on the property to which it was originally
diverted and authorized from service.

4014

All charges for water service will be levied as set forth in the rate schedules as
established by the Board of Directors. Current rate schedules are available for
inspection at the District office.

4015

All charges for water service shall be billed on a monthly basis for water used the
previous month.

4016

Any Water User whose application is accepted by the District and who is furnished
with water service as provided in these regulations becomes liable for payment under
the appropriate rate schedule for all water service furnished by the District.

4017

Any Landowner may designate a third party as an authorized agent for purposes of
water ordering and bill payment. Nevertheless, all charges shall be made for
individual parcels and are the responsibility of the owners of record for each parcel.

4018

Direct billing to the Agent/Tenant can be made upon receipt of written authorization
from the Landowner that the Agent/Tenant has been designated as the agent of the
Landowner. If the owner desires a duplicate of the water statement which is sent to
the agent/tenant, a handling charge, per the District’s current fee schedule, will be
applied. The Landowner remains liable for all water charges, interest and penalties
despite the designation and District shall have no duty to attempt to collect the charges
from the Agent or Tenant prior to collecting the amounts from the Landowner.

4019

In the event of non-payment of charges in full by the District’s prescribed payment
date, the District shall apply penalties and interest in accordance with the current
penalty and fee schedule.

Charges
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4020

The District reserves the right to enforce payment of delinquent water charges and
penalties through any and all of the following methods: (a) cause a lien therefor to be
placed and enforced pursuant to California Water Code §25806 on the subject real
property of the delinquent account; (b) through contracts with County Tax Collectors,
placement of delinquent charges and added to the District assessment on county tax
rolls for collection; (c) refuse or discontinue water service (d) require full payment in
advance of future service; and (e) bring action to collect.

4021

If the District incurs any collection costs, including staff time or other direct costs,
including attorney fees, those charges shall be added to the billing and payable by the
Landowner and Tenant. If the District is required to file claims in Bankruptcy Court
or otherwise appear in any legal proceeding in regard to delinquent amounts owed to
the District, the costs of District staff, District attorneys and any expert witness fees
shall become a charge payable by the Landowner and if there is a Tenant as the Water
User the Tenant which caused those charges and costs to be incurred, the Landowner
and Tenant shall be jointly and severally liable for the costs and charges.

4022

In the event of discontinued water service for non-payment, the General Manager, or
his/her authorized representative, may approve deliveries of water in cases where the
Landowner of record is requesting the service for the subject property provided that
the Landowner makes arrangements for paying the delinquency. The General
Manager or his/her authorized representative shall not approve additional water service
to the Tenant’s third party agents or a successor Agent or Tenant on the property that
is delinquent without payment or arrangements for payment of the delinquency agreed
to by the Landowner and acceptable to the General Manager, as the outstanding
balance may eventually be placed as a lien on the subject property or added to the
District assessment.
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SECTION 5: DISTRIBUTION OF WATER
Allocations & Entitlements
5001

Irrigation water is typically available starting in March and ending during the middle
of October. The start and end of the irrigation season shall be approved by the Board.

5002

The Water & Power Operations Manager shall determine and has the authority to
apportion water to the District distribution system. The Watertenders shall be held
responsible for the equitable, efficient, and economical distribution of the water that is
allotted by the Water & Power Operations Manager to the individual distribution
service areas.

5003

The District has numerous sources of water, including but not limited to surface water,
reclaimed drain water, groundwater, and recycled wastewater. The District reserves
the right to utilize any and all sources of water under its control and any combination
thereof to satisfy the water requirements of the District’s Water Users.

5004

Water shall be distributed equitably and fairly to Water Users within the District who
have paid all charges and penalties therefrom.

5005

No Water Users shall receive or be entitled to a greater amount of water than can be
reasonably and beneficially used without waste.

5006

The District does not guarantee that delivered water will be of any specified condition
or quality.

5007

The District may, if operational conditions warrant, vary the irrigation time and flow
rate so long as the Water User is afforded a reasonable opportunity to utilize a fair
allotment of irrigation water.

Scheduling & Notification
General
5008

Distribution of irrigation water shall generally be by scheduled deliveries as requested
by the Water Users, but where appropriate, the Water & Power Operations Manager
has the authority to implement variations to the delivery schedule and/or method.

Scheduled Deliveries
5009

Water Users may request water delivery by placing a water order with the Watertender
or the Operations Supervisor.

5010

All water orders shall be received by the District no later than 2:00 p.m. the day prior
to the delivery date desired by the Water User.

21

5011 Water deliveries shall be made on the basis of continuous and steady use of water
during all days and nights, including holidays and Sundays. It shall be incumbent upon
the Water User to fully utilize water during the allotted time and to relinquish the
water at the end of the scheduled time period unless otherwise approved by the
Watertender. In order to prevent the waste of water, canal overtopping and canal
breaks, it is mandatory that every Water User notify the Watertender if the irrigation
event must be discontinued prior to the scheduled time.
5012

The Watertender shall provide as much advance notice as possible to Irrigators in the
event that the requested delivery time will not be met. The Watertender will provide
the Water User with an estimation of the approximate time that water will be
delivered.

5013

Because there is a potential for breaks and/or unforeseen interruptions to occur, the
Water User must be available and maintain its system for distribution in order to take
the delivered water at the time it is available by the Watertender.

5014

In the event that an Irrigator or Water User cannot be contacted, located, or otherwise
notified of the availability of water, the Watertender may declare that the Water User
has passed and will not receive water until other water orders are satisfied.

5015

In the event that water is ordered and the Water User is not ready for receipt of said
water at the time it was ordered, the Water User may be required to pay for the water
until he/she is ready to take delivery. If another Water User can be located, the
Watertender may transfer the water and in that event the Water User originally
ordering the water must wait until another head is available as determined by the
Watertender.

5016

Any person who takes water out of turn without the permission of the Watertender
forfeits the right to water and may be liable to criminal prosecution under the
California Penal Code.

Rotational Deliveries
5017 Certain service areas in the District, as determined by the Water & Power Operations
Manager, may be required to take delivery of irrigation water on a rotational basis.
5018 Rotational deliveries will be determined at the beginning of the irrigation season by
the District and impacted Water Users will be notified in writing.
5019 In the event that rotational deliveries are established for a Water User, the Water User
shall not be responsible for placement of an order for water delivery. The Watertender
will make the water available on the pre-determined schedule for use.
Specialty Crop Deliveries
5020

Any Water User who desires irrigation water on a tailored delivery schedule in order
to grow a specialty crop is required to submit a detailed application to the District for
consideration in advance of planting the crop.

5021

Surface irrigation water shall not be made available during the months of November
through March unless otherwise approved by the Board. Water Users desiring to grow
winter crops and utilize District facilities shall submit a request for off-season
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irrigation services. The District reserves the right to approve or deny any request for
Private use of any District facility for any reason at any time.
5022

The District will strive to supply water of sufficient quality to those crops which are
sensitive to certain constituents or parameters. However, the District does not and
cannot guarantee the quality of water that is delivered to any agricultural Water User
and therefore shall not be liable for any damages that may result from the application
of the supplied irrigation water.

5023

The planting and cultivation of rice within the District is prohibited under the water
supply agreements from the Bureau of Reclamation.

Measurement
5024 All measurements of water delivered by the District to a Water User shall be made at
the diverting gate or valve in the District’s canal, or at other appropriate locations as
determined by the Watertender.
5025 The Watertender is required to measure and maintain documentation of flow rates,
delivered volume, and other pertinent irrigation event statistics as determined by the
Water & Power Operations Manager.
5026 All water measurements performed and documented by the District shall be considered
correct in the absence of evidence to the contrary.
5027 The District shall maintain, calibrate, and otherwise properly care for all measurement
facilities, equipment, and devices.
5028 The District, as provided by California Water Code §22083, has the authority to install
or require the installation of irrigation flow measurement devices, equipment, or
structures at all District turnouts.
5029 Measurement equipment is the property of the District and shall not be tampered with,
removed, or otherwise inhibited by any person unauthorized to do so. Any
unauthorized person that performs such acts is subject to criminal prosecution under
Penal Code § 498c.
Interruption or Refusal of Service
5030

The Watertender will make every effort to maintain an adequate flow of water in each
lateral system to meet anticipated demands. However, changes in water use due to
temperature variation, improper coordination by upstream users during water changes,
local runoff from precipitation, spill water from other lateral systems, canal breaks,
and other emergencies may cause unavoidable fluctuations and interruptions in flow. It
is the duty of a Water User to promptly notify the Watertender if water is not available
at the time the rotation is scheduled to begin or if the flow is interfered with during the
irrigation event. All Water Users will cooperate with the Water & Power Operations
Manager and/or the Watertender in determining the cause of the interruption or
fluctuation and will, to the extent practical, assist in correcting the problem.
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5031

No additional time shall be granted to Water Users who fail to use the water
continuously when available during the allotted time. If a Water User fails, neglects,
or refuses to use the water during the period assigned, it shall not be a valid basis for
claiming the right to use water at any other subsequent time. However, if such failure
to use water is due to circumstances beyond the control of the Water User, particularly
if caused by the unavailability of water, the District shall endeavor to make up the lost
time insofar as it can be done without unreasonably interfering with the scheduled
delivery of water to other Water Users. Any such Water User which is unable to
divert the full allotment of water shall promptly notify the Water & Power Operations
Manager of the desire to divert the remainder of the entitlement but shall not proceed
without prior authorization from the Watertender.

Out of District Service Agreements
5032

All water delivered to lands outside of the District boundary shall be subject to,
without limitation, any and all of the rules and regulations established by the District
and provided within this document.

5033

Persons interested in or currently receiving water for application onto lands outside of
the current District boundaries are required annually to submit an application for water
service. Applications for out of District water shall be submitted to the District on or
before the first Monday of February. The application shall be accompanied by any
and all fees, charges, or deposits as required by the District.

5034

Applications will be reviewed by the General Manager, Water & Power Operations
Manager, Director of Engineering, and Director of Finance. Upon completion of the
review process a recommendation will be made by District Staff and presented to the
Board. The Board shall approve or deny the application, and reserves the right to do
so for any reason.

5035

Out of District irrigation service is established on an annual basis and is not
guaranteed for the duration of any irrigation season. Out of District water is
considered surplus water and is made available, without obligation to continue the
service, to Board approved recipients. Water supplied to out of District Landowners is
a non-guaranteed availability and may be suspended at any time by the District.
Approval to receive out of District water shall not establish any right or precedence for
future events, or consideration for service.

5036

The District shall not be liable for any damages that occur from the negligent use or
misuse of water supplied to out of District Water Users.

5037

The District shall not be liable for any damages, economic hardships, or otherwise
unfavorable consequences resulting from the suspension of an out of District service
agreement. Persons entering into agreements for out of District irrigation service
assume and shall be knowledgeable of all risks associated with not receiving
anticipated flows and/or volumes of irrigation water. The District does not and cannot
guarantee any degree or level of service to any out of District Water Users.
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Unauthorized Use of Water
5038

Any person who uses District water without the District’s permission may become
subject to criminal prosecution and/or civil liability under Penal Code § 498 and § 592.

5039

Use of District water without the District’s permission may result in a forfeiture of the
Landowner’s and/or Water User’s right to receive water on the next scheduled rotation
or planned irrigation event.
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SECTION 6: LIABILITY
District Liability
6001

The District will not be liable for any damages resulting directly or indirectly from any
Private Conduit or the water flowing therein or by reason of lack of capacity in any
Private or District Conduit or for negligent, wasteful, careless, or other use of handling
of water by Irrigators, Landowners, or consumers of water.

6002

Nothing in these rules shall be construed as an assumption of liability on the part of
the District, its Directors, officers, or employees for any damage occasioned by the use
of water by any Irrigator or for failure to enforce any of the provisions of these rules.

6003

Most of the water furnished by the District flows through many miles of open ditches,
and is subject to changes in water quality, shortages, fluctuation in flow, and
interruption in services. District employees are forbidden to make any agreements
binding the District to serve an uninterrupted, constant supply of water. All water
furnished by the District will be on the basis of irrigation deliveries and every
consumer putting the water to other uses does so at their own risk and by doing so
assumes all liability for, and agrees to hold the District and its officers and employees
free and harmless from and defends those parties from liabilities and damages that
may occur as a result of defective water quality, shortages, fluctuation in flow and
interruptions in service.

6004

The District sells water as a commodity only and not as a guaranteed service and will
not be liable for defective quality of water, shortage of water, either temporary or
permanent, or for failure to deliver water or delay in doing so.

6005

Pumping by consumers of District water is done at the consumer's risk and the District
assumes no liability for damages to pumping equipment or other damages as a result
of turbulent water or shortage or excess of water or other causes.

6006

The District assumes no liability for damages to persons or property occasioned
through defective works.

6007

District Conduits are to be used solely for the purpose of conveying water for use on
land and for conveying drainage water away from the land. Their use for recreation
purposes, including swimming or other similar uses or for uses requiring continuous
delivery is prohibited.

6008

Landowners and Water Users are prohibited from using District Conduits and their
lands for swimming or play. The water in many District Conduits is cold, swift and
deep, and the Conduits cover so many miles that District supervision of their use of
recreation is impossible.
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Water User Liability
6009 Each Irrigator shall be responsible to the District and to third parties for all damages
caused by his or her neglect or malicious or careless acts. It is the duty of each
Irrigator to regulate and control the water delivered to his or her land so as to avoid
damage to the District or third persons.
6010 Any persons who cause damages or injury to works of the District as a result of doing
or permitting any of the following to be done shall pay to the District all costs incurred
by the District in repairing the damage or removing the obstructions:
a. Permitting livestock, poultry, or waterfowl to go on or in District Conduits;
b. Burning or otherwise injuring or destroying works of the District;
c. Dumping or flowing into the District Conduits rubbish, soil, filth, or other
substances that would pollute or impede the flow of water therein;
d. Erecting signs, fences, or other structures on or across or otherwise obstructing
District rights-of-way without written permission of the District;
e. Shutting off or reducing the flow of water from a District Conduit into a Private
Conduit or field without giving reasonable prior notice of such proposed action to
the Manager or Watertender in charge;
6011

Under the Penal Code § 588, § 592, and § 607, it is unlawful to do any of the
following without authority of the District:
a. Take water from a District Conduit with intent to defraud.
b. Disturb any facility for the control or measurement of water.
c. Cause to be emptied or placed into any District Conduit any rubbish, filth, or
obstruction to the free flow of water.
d. Willfully and maliciously cut, break, injure, or destroy any bridge, dam, or District
Conduit.

6012

The Water User is responsible and liable for any damage caused by the Irrigator's
negligence or careless use of water, or the result or failure of the Irrigator to properly
operate or maintain any ditch, pipeline, or other facility for which the Water User is
wholly or partially responsible.

6013

The District’s responsibility for water and its associated characteristics, including
quality, shall cease when the water is diverted into any Private or Improvement
District Facility or property. The District shall not be liable for any damages that
occur once the water is diverted from District Facilities.

Claims for Damages
6014

Landowners must submit a damage claim in writing to the District within ten (10)
business days of the date that the damage occurred in order to permit prompt
investigation.

6015

The Water & Power Operations Manager shall within five business days of receipt of
the claim, investigate the incident, document the events, and provide to the General
Manager recommendation of action.
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6016

Claims shall be processed by the Water & Power Operations Manager and forwarded
to the General Manager. The General Manager shall prepare a response to the claim
and notify the Board.

6017

Claims from Water Users or third parties for damages resulting from the misuse or
negligent use of water by the Water User shall immediately be rejected.
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INTRODUCTION
The Solano Irrigation District (SID or District) recognizes the need for farm delivery
measurement and uniform standards and procedures for measuring and recording farm water
deliveries in order to: (1) provide cost-effective service to customers, and (2) generate improved
operational records for planning and analysis. Regulations requiring a specified level of delivery
measurement accuracy were incorporated into California Code of Regulations Title 23 Division
2 Chapter 5.1 Article 2 Section 597 (23 CCR §597) in July 2012.
The District’s current United States Bureau of Reclamation (USBR) Water Management Plan
(WMP), approved in February 2010, states that all District turnouts satisfy the measurement
standards set forth by the USBR. To maintain this high standard of delivery measurement
accuracy, arguably the two most significant District actions are:
1. Watertenders attend flow measurement trainings at ITRC and
2. Routine replacement of turnout metering devices with more accurate and technologically
advanced meters.
The District allocates between $35,000 and $50,000 per year for agricultural meter replacement.
Some of the funds are used for the annual rebuilding of totalizing open-flow propeller meters and
replacing troublesome cable driven propeller meters with direct or magnetic drive propeller
meters. In addition, as pipelines are replaced, each turnout is replaced with a properly sized and
configured meter for that parcel per the SID standard construction details described in more
detail in section 5.
SID measures water deliveries at each turnout with either a totalizing meter or a metergate.
Given this water delivery measurement infrastructure, SID has elected to certify delivery
measurement accuracy through the laboratory certification option, as specified within the
California Code of Regulations, for the totalizing meters and the field inspection option for the
metergates as afforded in the code. SID has defined flow measurement installation standards,
has comprehensive as built drawings for all turnouts and is planning to collect the necessary data
to perform an operations analysis. The operations analysis will be completed before the 2020
Plan update and used to certify that all metergates are operating within the conditions specified
to be accurate within +/-5 percent as described for meter gates by tests performed by the
Irrigation Training and Research Center (ITRC) (2015). If the operations analysis identifies
turnouts that do not conform to the specified conditions, SID will take the appropriate corrective
actions on those turnouts by prioritizing capital improvements to the specific turnouts within
funding made available annually.
This attachment describes the compliance requirements of 23 CCR §597, provides an overview
of SID delivery facilities as background to delivery measurement, describes best professional
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practices followed by SID, and describes the certification of SID’s delivery measurement
program.

COMPLIANCE REQUIREMENTS (23 CCR §597.1)
Briefly summarized, 23 CCR §597 requires that on or before July 31, 2012 agricultural water
suppliers providing water to 25,000 irrigated acres or more measure the volume of water
delivered to customers. Existing measurement devices must be certified to be accurate to within
±12 percent by volume (23 CCR §597.3(a)(1)). New or replacement measurement devices must
be certified to be accurate to within ±5 percent by volume in the laboratory if using a laboratory
certification, or ±10 percent by volume in the field if using a non-laboratory certification (23
CCR §597.3(a)(2)).
The regulation includes specific requirements for certifying and
documenting accuracy for existing and new devices (23 CCR §597.4). Additionally, suppliers
subject to the regulation are required to report certain information in their Agricultural Water
Management Plan (AWMP) (23 CCR §597.4(e)). SID serves more than 25,000 irrigated acres
and is therefore subject to these regulations.

SID DELIVERY FACILITIES OVERVIEW
IRRIGATION DELIVERIES
Turnouts7 are the delivery points through which water is delivered from SID canals and laterals
to customers. SID customers are the individual landowners (or land tenants) to whom SID
delivers water. SID measures water deliveries at the turnout, where responsibility for water
control and management is passed from SID to its customers.
WATER ORDERS
The majority of the SID agricultural deliveries are scheduled. The Watertender takes an order
from the water user, usually either in person or by phone, and schedules the delivery for the next
day. Orders and turn off requests must be placed on the preceding day by 2:00 pm and 2:30 pm,
respectively. Additionally, the water user is required to notify the Watertender four hours prior
to any change to, or termination of, an irrigation event. In some cases, the Watertender may
require the current water user to notify the next water user about when to expect the water. When
pipelines and canals are at capacity, customers are placed on a stand-by list and will receive
water as it becomes available. The District also delivers water to rural ranch parcels. Typically
these deliveries are for irrigating landscaping or gardens for self-consumption on parcels
between 1 and 10 acres and are served on a rotational irrigation schedule. At the beginning of
every irrigation season, the Operations Department sends cards to these customers to determine
1“Turnout” is the term that is used in SID for the “delivery point” defined in 23 CCR§597 as “…the location at
which the agricultural water supplier transfers control of delivered water to a customer or group of customers….”
(23 CCR §597.2(a)(6))
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their irrigation plans for the year. Based on the response, the District will assign each parcel one
or two irrigation day(s) of the week that they will irrigate for the entire season. On a case-by-case
basis, these parcels can call into the District office and schedule additional irrigation times.
WATER DELIVERIES
The Watertender opens and sets the turnout gate to deliver the flow rate ordered by the water
user and turns off the delivery when requested by the water user. At turnouts with totalizing
flow meters, the Watertender turns off the delivery, reads the total in acre-feet from the flow
meter and enters it in TrueCanal. At turnouts without totalizing flow meters (i.e. metergates), the
Watertender measures the gate opening, upstream water level, and downstream water level) and
enters these values and the beginning date and time into TrueCanal. The Watertender checks the
status and flow rate of each running delivery at least once a day. For turnouts without totalizing
meters a “keep on” record with the new flow rate and date and time is entered into TrueCanal.
When the Watertender turns off the delivery and enters the ending date and time, TrueCanal
calculates the duration between each flow rate observation and multiplies the duration by the
respective flow rate to compute a delivery volume.

BEST PROFESSIONAL PRACTICES (23 CCR §597.4(E)(2 AND 3))
SID sends all Watertenders to the Irrigation District School of Irrigation sponsored by the US
Bureau of Reclamation – Mid Pacific Region. Course work includes Flow Measurement –
General & Pipelines, Flow Measurement – Canals, Canal Operation and SCADA. The rest of
this section briefly describes the systemwide best professional practices followed by SID with
sections covering the collection of water measurement data, the frequency of measurements, the
method for determining irrigated acres, quality control and quality assurance procedures and
conversion of flow rate to volume.
COLLECTION OF WATER MEASUREMENT DATA
Recognizing that water measurement at strategic locations throughout the delivery system is a
prerequisite to accurate water delivery, this section provides a brief description of SID’s
systemwide and turnout specific water measurement data collection. SID collects water
measurement data from 60 SCADA sites. Upstream water levels, gate openings, and measured
flows are collected through the SID SCADA system at regular intervals. SID also collects water
measurement data from SID drainage and deep wells and spill sites at the end of SID laterals and
canals. Some of these data are still collected by data loggers and downloaded at regular
intervals. SID Watertenders collect daily spot flow rate measurements at the metergate turnouts
with running deliveries along with starting dates, times and flows, and ending dates and times.
SID Watertenders also collect cumulative volume readings at turnouts with totalizing flow
meters.
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FREQUENCY OF MEASUREMENTS
SID collects SCADA data on regular intervals. Many sites report data every 5 minutes. Other
sites report data when significant flow changes occur. For turnouts with metergates, dates and
times, and upstream and downstream water levels and gate opening readings are collected and
recorded by Watertenders at the starting and ending, and at least once a day for the duration of
each water delivery event. For turnouts with totalizing meters, start and end dates and times and
totalizer readings are collected and recorded by Watertenders for each water delivery event.
METHOD FOR DETERMINING IRRIGATED ACRES
SID maintains a database of irrigated parcels that receive water deliveries. The assessed area of
these parcels is used to determine irrigated acres. SID’s water allocation policy requires all
growers to submit crop declaration forms to report crops and acreage each February. The area
reported on these crop declaration forms is the parcels assessed area, so for water balance
calculations, SID reduces the assessed area by six percent.
QUALITY CONTROL AND QUALITY ASSURANCE PROCEDURES
SID regularly reviews all water measurement data collected. Growers are billed for the water
volume they use, and are expected to contact SID if there is an apparent error in the water
delivery volume data. If an error is found, SID staff promptly correct the error. Additionally
water data collected by SID is used in a District-wide water balance. Prior to using these data in
the water balance, the data are reviewed for out-of-range values and other possible errors. When
assembled in the water balance, the data are again checked to ensure the highest possible data
quality.
CONVERSION OF FLOW RATE TO VOLUME
For totalizing meters, SID directly reads volume from the meter. For metergates that do not
totalize, SID sets a measured gate opening and measures upstream and downstream water levels
to determine a head difference. SID then determines flow rate based on head difference and gate
opening with metergate rating tables. Finally, SID converts flow rate to volume by multiplying
by the duration of the delivery. If a single metergate delivery event has multiple flow rates and
durations, the volume is calculated as the sum of the product of each flow rate with the
corresponding duration. The duration is calculated as the end date and time minus the start date
and time for each individual flow rate.
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CERTIFICATION (23 CCR §597.4(A) AND (B))
OVERVIEW
SID delivers water for production agricultural through 1,240 turnouts (Table B-1). Laboratory
certified totalizing meters are used for measurement at 781 turnouts (63 percent) and metergates
are used for measurement at the remaining 459 turnouts (37 percent). SID also delivers water to
553 flat rate accounts that irrigate rural ranch parcels (i.e. landscaping or gardens) for selfconsumption.
Table B-1. Turnouts by Meter Type.

Meter Style
Totalizing Meters
Propeller
Turbine Meter
Magnetic
SubTotal
Flow Rate Meters
Metergate
SubTotal
Total

Percent of
Quantity Meters

Accuracy Accuracy Source

612
147
22
781

78% +/- 2%
19% +/- 2%
3% +/- 1%
63%

459
459
1240

100% +/- 5%
37%

Water Specialties (2015)
Hersey MVR (2015)
Seametrics AG2000 (2015)

ITRC (2015)

TOTALIZING METERS
Seventy-eight percent of the totalizing meters are propeller meters. These meters are laboratory
certified by the manufacturer to be accurate within ±2 percent of the actual value (Water
Specialties, 2015). Nineteen percent of the totalizing meters are turbine meters that the
manufacturer certifies in the laboratory to be accurate within ±2 percent (Hersey, 2015). The
remaining three percent of the totalizing meters are magnetic flow meters, which are laboratory
certified to be within ±1 percent (Seametrics, 2015). SID is replacing propeller and turbine
meters with magnetic meters where practical over time.
SID has developed standard construction detail sheets available on their website for typical
agricultural turnout situations found in SID (http://www.sidwater.org/index.aspx?NID=136).
These typical situations include meter information for low and normal flows to provide guidance
to growers on acceptable turnout measurement devices. As flows increase from low to normal
Table B-2), the devices range from the Sensus PMM to the Hersey MVR turbine meter, to the
Seametrics AG2000 magnetic flow meter to the Water Specialties propeller meter.
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Table B-2. Acceptable Totalizing Meters According to SID Standard Construction Details

Manufacturer
Diameter,
Meter Style
and Model
inches
Accuracy1 Source
Turbine Meter Sensus PMM
1 to 2
+/- 1.5%
Sensus (2015)
Hersey MVR (2015)
Turbine Meter Hersey MVR
1.5 to 6
+/- 2%
Seametrics
Seametrics AG2000
Magnetic
AG2000
4 to 10
+/- 1%
(2015)
Water Specialties (2015)
Propeller
Water Specialties
4 to 30
+/- 2%
1
See Attachment B-1 for the accuracy specifications for each flow meter.
METERGATES
Metergates consist of round canal gates with a hole in the top of the pipe attached to a stilling
well downstream of the gate. The hole and the stilling well provide access for downstream water
level measurement, so that the flow can be determined from standard manufacturer gate tables.
Burt and Howes (2015) tested the flow measurement accuracy of metergates at the Irrigation
Training and Research Center (ITRC) gate calibration facility. The gate was installed and tested
to be consistent with typical field conditions. The metergates were found to be accurate within
plus or minus five percent when the:






Gate opening was between 20 and 75%,
Upstream submergence was greater than half of the gate diameter,
Downstream pipe was flowing full,
“Zero” gate opening was properly determined and
Stilling well was located four to 12 inches downstream of the gate.

Additionally, tangential supply canal flow velocities up to 1.9 feet per second did not have a
significant impact on the accuracy.
Metergates in SID (Figure B-1) are required to
be installed according to standard specifications
(Attachment B-2) that meet the criteria
described above and thus, are anticipated to be
accurate to plus or minus five percent, well
within the accuracy standard of plus or minus 12
percent for existing turnouts. SID requires
stilling wells to be installed per standard W-22
(Attachment B-2) on all metergates. SID has as
built drawings of all metergates documenting
the location of the stilling well and related
Figure B-1. Example of a Meter Gate in SID.
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dimensions (Attachment B-3). SID is planning to complete a report documenting the field
inspections and data analysis supporting the delivery measurement certification process prior to
the submittal of the next AWMP update.
FLAT RATE ACCOUNTS
SID provides a flatrate service based on the parcel acreage to 553 customers with small parcels.
These rural ranch parcels (i.e. ranchettes) are predominately owned by individuals (single family
residences) and total approximately 2,100 acres. These parcels are between one and 10 acres,
irrigating landscaping or gardens for self-consumption and are served on a rotational irrigation
schedule. DWR’s Final Statement of Reasons dated 5/31/2012 states in response G24:
“Turnouts that serve parcels owned by individuals whose purpose is not agricultural or farming,
but rather landscaping or growing self-consumed crops are not subject to this regulation.”
Although DWR does not require delivery measurement to these parcels, SID continues to
actively research cost effective and accurate delivery measurement solutions for these parcels.

CORRECTIVE ACTIONS (23 CCR §597.4(B)(D)(E))
If the operations analysis identifies turnouts that do not conform to the necessary metergate
conditions as specified by the ITRC (2015), SID will take appropriate corrective action on those
turnouts by prioritizing capital improvements to the specific turnouts within funding made
available annually. In addition, as noted previously, SID Watertenders are trained in water
measurement and each time the Watertender makes a water delivery, the water measurement
device is inspected and its operation is observed. During these inspections, any necessary
corrective actions required to ensure accuracy are noted by the Watertender and corrective
actions, repairs or otherwise are placed on the District’s maintenance/construction schedule.

REFERENCES
Burt, C. and D. Howes. 2015. Practical Guide for Metergates. ITRC. California Polytechnic
State University, San Luis Obispo, California.
www.mccometer.com. Totalizing Meter Accuracy Specifications. Accessed 12/29/2015
www.muellersystems.com Mueller System Model MVR Magnetic Drive Vertical Turbine
Meters Manual.pdf. Accessed 12/29/2015
www.seametric.com Seametric Magmeter LT-65650278-AG2000-Manual.pdf. Accessed
12/26/2015
www.sensus.com/water. Sensus PMMd1833189 manual.pdf. Accessed 12/29/2015
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ATTACHMENT B1. SPECIFICATIONS FOR EACH FLOW METER
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Model MVR

Magnetic Drive Vertical Turbine Meters
Sizes 3/4"x1/2", 3/4", 3/4"x1", 1", 1-1/2", 2", 3", 4" and 6"

APPLICATIONS: Measurement of water for residential, commercial, industrial
and residential fire applications, where sensitivity to low flow is also important.
Hersey® MVR meters are among the most sensitive vertical turbine meters
available and may be used in place of compound meters in some applications.
The compact design and integral strainer (separate external strainer is not
needed) of Model MVR meters facilitate installation in tight spaces. They
are ideal where flexibility is needed to meet wider flow ranges, where water
temperatures are elevated between 80ºF and 130ºF, or where sand particles
or other small debris may be encountered. May be installed vertically or
horizontally for greater installation flexibility.

MVR 30

Model MVR

Features

MVR 30 with adapter

CONFORMANCE TO STANDARDS: Hersey Model MVR Water Meters comply with
ANSI/AWWA Standard C701 Class I. Each meter is tested to ensure compliance.
EnviroBrass® II options conform to the NSF 61 Standard.
CONSTRUCTION: Hersey Model MVR Water Meters consist of three basic parts:
maincase; rotor assembly; and a permanently sealed register. Maincases are
made of bronze for long life. Rotor assemblies are thermoplastic, which is
dimensionally stable and will not corrode. Retro Thrust rotor design extends
the life of the meter by dividing wear between two points: during low flow the
tungsten carbide thrust bearing floats against a sapphire bearing surface;
during high flow the stainless steel shaft gently contacts a second sapphire
bearing. During medium flow, the rotor floats between the thrust bearings
without contact. Optional test ports are available on all sizes 1-1/2" and
larger. The measuring chamber is protected by an internal strainer. No external
strainer is required.
REGISTER: Permanently sealed register has a unique seal and heat-treated
glass to eliminate dirt, moisture infiltration and lens fogging. The totalizing
register has a straight-reading odometer type display, a 360º test circle with
center sweep hand and a low flow (leak) detector.

MVR 350

Materials and Specifications
MODEL NUMBER

MVR 30, MVR 30A, MVR 30B, MVR 50,
MVR 100, MVR 160, MVR 350, MVR 650, and MVR 1300.

SIZES

3/4"x1/2", 3/4", 3/4"x1", 1", 1-1/2", 2", 3", 4" and 6"

STANDARDS

Manufactured and tested to meet or exceed
all applicable parts of ANSI/AWWA C701 Class I Standard.

SERVICE

Cold water measurement with flow in only one direction.

OPERATING FLOW RANGE

See Chart on following page

All Hersey Meter models have electronic meter reading systems available for
increased reading efficiency (see Meter Reading Systems.)

ACCURACY

See Chart on following page

PRESSURE LOSS

See Chart on following page

OPERATION: Water flows through the integral strainer and into the vertical
turbine assembly. There the direction of the water flow is directed by the hub
into the rotor at the precise angle necessary for accurate measurement over
the full range of flow rates. No straight pipe requirements apply before or
after the meter. The turbine turns freely and rotates in direct proportion to the
volume of water passing through the meter. The Model MVR turbine operates
more quietly than conventional disc or piston meters.

MAXIMUM WORKING PRESSURE

MAINTENANCE: The Hersey Model MVR Water Meters are designed and manufactured to provide long service life. The register on all sizes, and meter interior
and strainer on sizes 3" and larger, can be replaced without removing the
meter from the line. Modular design and economical internal parts allow for
inexpensive, speedy rebuilds. Optional built-in test ports make field testing
easy and convenient.
CONNECTIONS: Available with external (N.P.S.M.) straight pipe threads (ANSI
B1.20.1) on 3/4" and 1" sizes; integral two-bolt oval flanges or internal (NPT)
pipe threads (ANSI B1.20.1) on 1-1/2" and 2" sizes. ANSI class 150 flanges
on 3" through 6" sizes (class 125 cast iron or class 150 bronze companion
flanges available on request).

150 PSI

TEMPERATURE RANGE

33ºF to 130ºF water temperature
Hot water up to 180º available upon request.

MEASURING ELEMENT

Rotor

REGISTER TYPE

Straight reading, permanently sealed,
magnetic drive with low flow indicator.
Remote reading units optional.

METER CONNECTIONS
1/2", 3/4" and 1"
external (NPSM) straight pipe threads, 1-1/2 size and 2" size available with either
two bolt flanged ends or internal thread (NPT) ends same nominal size as size of
meter, 3" thru 6" ANSI class 150 flanges.
MATERIALS
Maincase - bronze UNSC84400;
3/4"- 1-1/2" Bottom cover - cast iron ASTM A126 CL. B enamel painted; 2"
Bottom cover - bronze UNSC84400; Rotor assembly - thermoplastic; Strainer thermoplastic std. in 3/4" thru 1-1/2";
or stainless steel (2" - 6"); Casing bolts - stainless steel ANSI B18.

OPTIONS

Meter case - EnviroBrass® II UNSC89520.
Stainless steel ring strainer is available on 3/4", 1" and 1-1/2" meters.
AMR Reading Systems.

Model MVR

Magnetic Drive Vertical Turbine Meters
Sizes 3/4"x1/2", 3/4", 3/4"x1", 1", 1-1/2", 2", 3", 4" and 6"

Meter Registration

Model MVR

Meter
Size
3/4"
1"
1-1/2"
2"
3"
4"
6"

Flow Characteristics

Initial Dial*

Capacity

Initial Dial * Capacity

10 Gallons
10 Gallons
100 Gallons
100 Gallons
100 Gallons
100 Gallons
1000 Gal

10 Million
10 Million
100 Million
100 Million
100 Million
100 Million
1 Billion

1 Cubic Foot
1 Cubic Foot
10 Cubic Feet
10 Cubic Feet
10 Cubic Feet
10 Cubic Feet
100 Cubic Ft

1 Million
1 Million
10 Million
10 Million
10 Million
10 Million
100 Mill.

* Registration equal to one full revolution of the sweep hand.

Meter
Size

Typical Low
Typical
Maximum
Flow
Continuous
Operating Range
(95% Min.)
(100% ± 2%)
Operation

3/4"
1"
1-1/2"
2"
3"
4"
6"

1/2 GPM
3/4 GPM
1-1/2 GPM
2 GPM
2-1/2 GPM
3-1/2 GPM
5 GPM

1 to 30 GPM
1-1/2 to 50 GPM
2 to 100 GPM
3 to 160 GPM
4 to 350 GPM
5 to 650 GPM
15 to 1300 GPM

Maximum
Intermittent
Flow

25 GPM
35 GPM
70 GPM
115 GPM
240 GPM
450 GPM
910 GPM

35 GPM
55 GPM
110 GPM
175 GPM
390 GPM
715 GPM
1430 GPM

Dimensions and Weights

3/4" and 1" STANDARD MVR

3/4" and 1" COMPACT MVR

1-1/2" and 2" STANDARD MVR with 2 bolt flange
ends** and spool piece
E

B

D
B

C

C

A

1-1/2" and 2" STANDARD MVR with
Internal NPT ends

1-1/2" and 2" COMPACT MVR with
integral 2 bolt flange ends**

F

A

1-1/2" and 2" COMPACT MVR with
Internal NPT ends

3", 4" and 6" MVR

Meter Size
Ends

3/4"x1/2"

3/4"

3/4"x1"
1"
Threaded (screwed)

1-1/2"

2"

1-1/2"

2"

3"
Flanged

4"

Model
Dimensions

MVR30

MVR30A

MVR30B

MVR50

MVR100

MVR160

MVR100

MVR160

MVR350

MVR650 MVR1300

A
AA *
B
C
D
E
F

9"
7-1/2"
5"
1-13/16"
N/A
N/A
N/A

9"
7-1/2"
5"
1-13/16"
N/A
N/A
N/A

9"
7-1/2"
5"
1-13/16"
N/A
N/A
N/A

10-3/4"
9"
5-1/2"
2-3/8"
N/A
N/A
N/A

12-5/8"
9"
5-3/4"
2-3/8"
N/A
N/A
N/A

15-1/4"
10-1/2"
6-1/4"
3"
N/A
N/A
N/A

13"
9"
5-3/4"
2-3/8"
4"
5/8"
11/16"

17"
10"
6-1/4"
3"
4-1/2"
5/8"
15/16"

12"
8-7/16"
3-7/8"
6"
3/4"
5/8"

14"
9-3/8"
4-5/8"
7-1/2"
3/4"
11/16"

18"
12-9/16"
6"
9-1/2"
7/8"
13/16"

Max.width

3-3/4"

3-3/4"

3-3/4"

4-1/4"

4-3/8"

5-3/8"

5-3/8"

5-15/16"

7-7/8"

9-3/4"

12-7/8"

Net weight

6 (5*)

6 (5*)

6 (5*)

8 (7*)

11 (9*)

15 (14 *)

12 (9*)

20 (14*)

38

68

140

* Compact length
** 1-1/2" and 2" Flanged meters have 2 bolt oval flange pattern.
NOTE: Meter couplings are optional and must be ordered separately. Weights are in pounds and are approximate.

6"

Model MVR
Performance

Performance

Head loss - 3/4" and 1"

Accuracy - 3/4" and 1"
AWWA
STD.

AWWA
STD.
AWWA
STD.

Head loss - 1-1/2" and 2"

Accuracy - 1-1/2" and 2"

Head loss - 3" and 4"

Accuracy - 3" and 4"

Head loss - 6"

Accuracy - 6"

*Performance curves are typical only and not a guarantee of performance.

Model MVR

Magnetic Drive Vertical Turbine Meters
Sizes 3/4"x1/2", 3/4", 3/4"x1", 1", 1-1/2", 2", 3", 4" and 6"

Model
MVR
Models MVR-30, MVR 50, MVR 100 and MVR 160
Model MVR

Ref. No.

Description

Model MVR-30

Model MVR-50

Model MVR-100

Model MVR-160

1

Lid (Plastic)

50377

50377

50377

50377

Lid (Bronze)

50390

50390

50390

50390

2

Black Clamp Band for Visual Register
Blue Clamp Band for Translator Register

50379
B8602

50379
B8602

50379
B8602

50379
B8602

3

Lid Seal Screw

19945

19945

19945

19945

4

Lid Nut

19999

19999

19999

19999

5

Sealed Registers (Specify unit of measurement)

See pages 4.9-4.11

6

MVR 30 Top Case (7-1/2" length):
1/2" M.I.P. Ends
3/4" M.I.P. Ends
1" M.I.P. Ends

50452
50466 (A)
50476 (B)

-

-

-

MVR 50 Top Case (9" length):
1" M.I.P. Ends
1-1/4" M.I.P. Ends

-

50566 (C)
50576 (D)

-

-

MVR 100 Top Case (9" length):
1-1/2" F.I.P. Ends
1-1/2" Bronze 2-Bolt Flange Assembly

-

-

50776 (E)
50784 (F)

-

MVR 160 Top Case (10-1/2" length):
2" F.I.P. Ends
2" Bronze 2-Bolt Flange Assembly (10" length)

-

-

-

50866 (G)
50884 (H)

7

Rotor

50471

50571

50771

50871

8

Inlet Hub

50468

50568

50768

50867

9

Lower Bushing

50374 (2)

50574 (2)

50574 (2)

-

10

Interior Screw

98394 (4)

98394 (4)

98394 (4)

98394 (4)

11

Strainer (Plastic)

50469

50569

50769

-

12

Strainer (Metal Ring)**

50480

50580

50780

50880

13

Liner

50365

50565

50765

50865

14

Bottom (Bronze)

50363

50563

50763

50863

Bottom (Cast Iron)

50364

50564

50764

-

15

Case Washer

AS7792 (4)

AS7792 (4)

98378 (4)

98378 (4)

16

Case Bolt

90026 (4)

90026 (4)

90073 (4)

90073 (4)

Inlet Hub Assembly

-

-

-

50862

Bushing Spacer

-

-

-

53114

Bushing

-

-

-

54915 (2)

Inlet Plug Assembly

50493

50493

50493

53105

Sapphire Thrust Bearing (Case)

98371

98371

98371

98371

Complete Interior

50477

50577

50777

50872

Bearing Adhesive *

-

-

-

-

Adapters:
3/4" Adapter
3/4" Adapter Washer
1" Adapter
1" Adapter Washer
1-1/4" Adapter
1-1/4" Adapter Washer
1-1/2" Female Adapter
2" Female Adapter

95046
95014
95011
95064
-

95063
95064
95086
95007
-

95095
-

95195

6

6

6

A:
B:
C:
D:
E:
F:
G:
H:
*

Order 3/4" Adapter 95046 and Adapter Washer 95014 to replace standard 3/4" disc meter, 9" long.
Order 1" Adapter 95011 and Adapter Washer 95064 with Top Case 50476 to replace 3/4" disc meter, 9" long, installed with 1" pipe connections.
Order 1" Adapter 95063 and Adapter Washer 95064 with Top Case 50566 to replace standard 1" disc meter, 10-3/4" long.
Order 1-1/4" Adapter 95086 and Adapter Washer 95007 with Top Case 50576 to replace 1" disc meter, 10-3/4" long, installed with 1-1/4" pipe connection.
Order 1-1/2" Adapter 95095 with Top Case 50776 to replace 1-1/2" female end meter installed with union connections. Assemble to length of 12-5/8".
Order 1-1/2" Bronze Spool Piece 50783 and gasket 95102 with Top Case 50784 to replace standard 1-1/2" disc meter, 13" long.
Order 2" Adapter 95195 with Top Case 50866 to replace standard 2" Female End disc meter, 15-1/4" long.
Order (2) Bronze Spool piece 50883 and gasket 95122 with Top Case 50884 for 17" length 2-90229 Bolt 2-90260 Nut.
Purchase locally. Use a cyanoacrylic adhesive, such as Loctite Super Bonder #30-13, Eastman #916, Permabond or Aron Alpha.

		
**Standard on MVR 160. Optional on MVR 30, 50 100 in place of standard plastic disc strainer.
Note: If more than one part is required, quantity is noted after part number (in parentheses).

Model
MVR
Models MVR-30, MVR 50, MVR 100 and MVR 160

HERSEY WATER METER — MODEL MVR-30

Model MVR

4
1

2

3

5

6

7
9
8
**12
13

10
11*
15

16
14

* Disc Stainer - standard on MVR 30, 50, 100.
** Ring Strainer - optional (in place of) disc strainer on MVR 30, 50 100.
Standard on MVR 160.

Model
MVR
Models MVR-350, MVR 650 and MVR 1300
11
13
12

10

Model MVR

9
8

1

4
5
6

16
15
7

14

3

2

Ref. No.

Description

Model MVR-350

Model MVR-650

Model MVR-1300

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Top Case/Thrust Bearing
Bottom Case
Ring Strainer
Rotor Assembly
Inlet Hub Assembly
Inlet Hub Screws
Top Case O-Ring
Top Cast Screw
Register
Register Box (Bronze)
Lid (Bronze)
Register Box Screw
Lid Pin
Inlet Plug/Thrust Bearing
Rotor Bushing
Bushing Spacer

50981
50982
50985
50984
50987
98395 (6)
98361
90073 (8)
See page following pages
50998
19201
51005P007 (2)
AS41122
50992
54915 (2)
54914

51181
51182
51185
51184
51187
98395 (6)
98362
90073 (10)
See page following pages
50998
19201
51005P007 (2)
AS41122
50992
56915 (2)
51186

51381
51382
51383
51384
51387
98409 (12)
98408
90180 (14)
See page following pages
50998
19201
51005P007 (2)
AS41122
51392 (2)
51391

Note: In order to retrofit translator registers on all 3"-6" MVR meters manufactured prior to 2003 a new top case (1) and top case o-ring (7) is required.

Model MVR
MVR Model

Register Part
Numbers

Cubic Feet
Internal
Relation to other
Ratio
Registers

Register Part
Numbers

U.S. Gallons
Internal
Relation to other
Ratio
Registers

MVR-30
MVR-30
MVR-30
MVR-30
MVR-30
MVR-30
MVR-30
MVR-30
MVR-50
MVR-50
MVR-50
MVR-50
MVR-50
MVR-50
MVR-50
MVR-100
MVR-100
MVR-100
MVR-100
MVR-100
MVR-100

B79821
B79822
B79823
B79824
B79825
B79826
B79827
B79828
B79861
B79862
B79863
B79864
B79865
B79866
B79867
B79901
B79902
B79903
B79904
B79905
B79906

551.99
546.34
540.85
536.22
530.07
523.96
519.6
514.2
269.44
266.44
264.51
262.07
258.83
256.52
254
1973.95
1951.68
1935.27
1912.65
1901.98
1882.77

-4% (in relation to B79825)
-3% (in relation to B79825)
-2% (in relation to B79825)
-1% (in relation to B79825)
+1% (in relation to B79825)
+2% (in relation to B79825)
+3% (in relation to B79825)
-4% (in relation to B79865)
-3% (in relation to B79865)
-2% (in relation to B79865)
-1% (in relation to B79865)
+1% (in relation to B79865)
+2% (in relation to B79865)
-3% (in relation to B79904)
-2% (in relation to B79904)
-1% (in relation to B79904)
+1% (in relation to B79904)
+2% (in relation to B79904)

B79813
B79814
B79815
B79816
B79817
B79818
B79819
B79820
B79851
B79852
B79853
B79854
B79855
B79856
B79857
B79891
B79892
B79893
B79894
B79895
B79896

738.92
731.88
723.79
715.86
709.01
702.61
694.85
688.55
360.58
356.41
353.17
349.42
345.93
342.53
339.04
2664.16
2646.98
2605.61
2586.61
2554.55
2526.66

-4% (in relation to B79817)
-3% (in relation to B79817)
-2% (in relation to B79817)
-1% (in relation to B79817)
+1% (in relation to B79817)
+2% (in relation to B79817)
+3% (in relation to B79817)
-3% (in relation to B79854)
-2% (in relation to B79854)
-1% (in relation to B79854)
+1% (in relation to B79854)
+2% (in relation to B79854)
+3% (in relation to B79854)
-3% (in relation to B79894)
-2% (in relation to B79894)
-1% (in relation to B79894)
+1% (in relation to B79894)
+2% (in relation to B79894)

MVR-100

B79907

1862.97

+3% (in relation to B79904)

B79897

2505.78

+3% (in relation to B79894)

MVR-160

B79941

604.34

-3% (in relation to B79944)

B79931

808.31

-3% (in relation to B79934)

MVR-160

B79942

598.37

-2% (in relation to B79944)

B79932

800.5

-2% (in relation to B79934)

MVR-160

B79943

592.81

-1% (in relation to B79944)

B79933

792.41

-1% (in relation to B79934)

MVR-160

B79944

587.03

-

B79934

784.64

-

MVR-160

B79945

580.58

+1% (in relation to B79944)

B79935

775.87

+1% (in relation to B79934)

MVR-160

B79946

575.56

+2% (in relation to B79944)

B79936

768.47

+2% (in relation to B79934)

MVR-350

B79981

294.32

-2% (in relation to B79983)

B79971

394.09

-2% (in relation to B79973)

MVR-350

B79982

291.49

-1% (in relation to B79983)

B79972

389.61

-1% (in relation to B79973)

MVR-350
MVR-350
MVR-350
MVR-350
MVR-650
MVR-650
MVR-650
MVR-650
MVR-650
MVR-650
MVR-650
MVR-650
MVR-1300
MVR-1300
MVR-1300

B79983
B79984
B79985
B79986
B80021
B80022
B80023
B80024
B80025
B80026
B80027
B80028
B80067
B80068
B80069

288.55
285.72
283.03
280.7
182.28
180.35
178.86
176.9
175.04
173.77
171.53
170.34
413.35
409.41
405.25

+1% (in relation to B79983)
+2% (in relation to B79983)
+3% (in relation to B79983)
-3% (in relation to B80024)
-2% (in relation to B80024)
-1% (in relation to B80024)
+1% (in relation to B80024)
+2% (in relation to B80024)
+3% (in relation to B80024)
+4% (in relation to B80024)
-1% (in relation to B80068)
+1% (in relation to B80068)

B79973
B79974
B79975
B79976
B80013
B80014
B80015
B80016
B80017
B80018
B80056
B80057
B80058

385.91
382.06
378.6
374.11
239.51
236.41
234.58
232.95
230.62
228.21
551.99
546.34
540.85

+1% (in relation to B79973)
+2% (in relation to B79973)
+3% (in relation to B79973)
-1% (in relation to B80014)
+1% (in relation to B80014)
+2% (in relation to B80014)
+3% (in relation to B80014)
+4% (in relation to B80014)
1% (in relation to B80057)
1% (in relation to B80057)

Model MVR

Registers

Model
MVR
Visual Registers Options
Model MVR

MVR Model

Cubic Feet
Standard Register

US Gallons
Standard Register

MVR-30

B79821

B79813

MVR-30
MVR-30

B79822
B79823

B79814
B79815

MVR-30

B79824

B79816

MVR-30

B79825

B79817

MVR-30
MVR-30
MVR-30
MVR-50
MVR-50
MVR-50
MVR-50
MVR-50
MVR-50
MVR-50
MVR-100
MVR-100
MVR-100
MVR-100
MVR-100
MVR-100
MVR-100
MVR-160
MVR-160
MVR-160
MVR-160
MVR-160
MVR-160
MVR-350
MVR-350
MVR-350
MVR-350
MVR-350
MVR-350
MVR-650
MVR-650
MVR-650
MVR-650
MVR-650
MVR-650
MVR-650
MVR-650
MVR-1300
MVR-1300
MVR-1300

B79826
B79827
B79828
B79861
B79862
B79863
B79864
B79865
B79866
B79867
B79901
B79902
B79903
B79904
B79905
B79906
B79907
B79941
B79942
B79943
B79944
B79945
B79946
B79981
B79982
B79983
B79984
B79985
B79986
B80021
B80022
B80023
B80024
B80025
B80026
B80027
B80028
B80067
B80068
B80069

B79818
B79819
B79820
B79851
B79852
B79853
B79854
B79855
B79856
B79857
B79891
B79892
B79893
B79894
B79895
B79896
B79897
B79931
B79932
B79933
B79934
B79935
B79936
B79971
B79972
B79973
B79974
B79975
B79976
B80013
B80014
B80015
B80016
B80017
B80018
B80019
B80020
B80053
B80054
B80055

Model MVR

Translator Register Options for MVR 30 to 160

2

Model MVR

4

3

8

5
6
1

7

Ref

Description

MVR-30

MVR-50

MVR-100

MVR-160

1

Translator Register *
Gallons
Cubic Feet

D35231xxx
D35232xxx

D35241xxx
D35242xxx

D35251xxx
D35252xxx

D35261xxx
D35262xxx

Specify Electronic Reading Value 4, 5, or 6 Wheel
2

Clamp Band (Plastic) Translator Only

B8602

B8602

B8602

B8602

3

Clamp Band Seal Nut

19999

19999

19999

19999

4

Clamp Band Seal Screw

19945

19945

19945

19945

5

Lens Terminal Cover

B8447

B8447

B8447

B8447

6

Terminal Lug Screw

98197 (3)

98197 (3)

98197 (3)

98197 (3)

7

Wall Pad

T1234

T1234

T1234

T1234

8

Pit Pad

T1240

T1240

T1240

T1240

9

TrueRead (not shown)

C6551G

C6551G

C6551G

C6551G

10

1,000' Spool of Wire (not shown)

AS755

AS755

AS755

AS755

*Call Mueller Systems Customer Service for appropriate Translator Register and AMR device part number.

Model MVR

Translator Register Options for MVR 350 to 1300

3

Model MVR

2

7

4
5
1

6

Ref

Description

MVR-350

MVR-650

MVR-1300

1

Translator Register
Gallons*
Cubic Feet*

D35271xxx
D35272xxx

D35281xxx
D35282xxx

D35291xxx
D35292xxx

2

Register Box (Bronze) Translator Only

C6525

C6525

C6525

3

Register Box Screw

51005P007 (2)

51005P007 (2)

51005P007 (2)

4

Lens Terminal Cover

B8447

B8447

B8447

5

Terminal Lug Screw

98197 (3)

98197 (3)

98197 (3)

6

Wall Pad

T1234

T1234

T1234

7

Pit Pad

T1240

T1240

T1240

8

TrueRead (not shown)

C6551G

C6551G

C6551G

9

1,000' Spool of Wire (not shown)

AS755

AS755

AS755

*Call Mueller Systems Customer Service for appropriate Translator Register and AMR device part number.

AG2000
Irrigation Magmeter

ISO 9 0 0 1 : 2 0 0 8
CERTIFIED COMPANY

APPLICATIONS

FEATURES

• Irrigation

• Simple as a mechanical meter

• Chemigation

• No moving parts

• Agricultural automation

• Minimal straight pipe required

• Well usage monitoring

• Battery power standard;
External power optional

• Dairy Lagoons

• Solar compatible
• Built-in rate & total indicator
• Built-in pulse output for datalogging or telemetry
• Tamper-evident seal

AG2000-600

AG2000-300

Seametrics’ series of standard and IP68
(submersible) flanged magmeters.
Available in sizes from 3” up to 12”.

Unobstructed Flow

AG2000
Irrigation Magmeter
GENERAL INFORMATION
The AG2000 is a spool-type electromagnetic flowmeter for
use in irrigation applications in 3” to 12” pipe. With no moving
parts, these meters provide unobstructed flow and are resistant
to wear from debris found in ground or surface water. Little
maintenance is required because there are no bearings to
wear out or propellers to stop turning. Minimal straight pipe
requirements allow AG2000 meters to be used in piping
configurations where there is little space between the meter
and an elbow.
The standard AG2000 is battery powered. Where an external
power source is available, the AG2000 can be optionally
converted to 8-32 Vdc, with the batteries then serving as backup to maintain continuous operation in case of power failure.
This configuration will prolong battery life indefinitely.
An IP68 version (-168 option) is available for burial or
applications where the meter may be under water up to a depth
of 3 meters for prolonged periods of time.

The meter comes with built-in pulse output (requires optional
cable) for data logging or telemetry. Several pulse rates are
available. An internal data logger is also available for secure
flow logging (-127 option). A Seametrics FT415W or FT420W
display can be added if remote rate/total reading is desired,
or an AO55W if a (4-20 mA) analog signal is required. (Highfrequency pulse rate is required for use with most Seametrics
controllers.)
The AG2000 is secured with a seal wire to protect against
unauthorized access. The seal can be broken by an authorized
agent, to change units of measure, replace the battery pack, or
to field-install an optional power/output cable. The cable can
be factory or field-installed where external power is available
and/or pulse output is needed. An accessory weather guard is
available for additional protection in outdoor applications.
For chemigation applications, the chemical injection point must
be placed downstream of the meter OR far enough upstream
for complete mixing to occur before the flow reaches the meter.
(See tech bulletin on Seametrics’ website, www.seametrics.
com).

FEATURES
Rate and total indicator
Powder-coated diecast-aluminum electronics housing
Tamper-evident security seal &
cross-drilled screws (2) for tamper-evidence

Equalization lug

Internal Data Logger (Optional)
Power/Output cable port access, tamper-sealed

Welded steel epoxy-coated flow tube

316SS electrodes

Dual durometer rubber liner

Flanges, ANSI 150 lb. drilling

Standard
AG2000

AG2000
Irrigation Magmeter
FEATURES Continued
Rate and total indicator
Tamper-evident security seal &
cross-drilled screws (2) for tamper-evidence
Power/Output cable port access, tamper-sealed
Internal Data Logger (Optional)
Powder-coated ductile cast iron body & electronics housing

Glass filled molded plastic liner
316SS electrodes
Flanges, ANSI 150 lb. drilling

Equalization lug

AG2000-300
(IP68 housing standard for 3” model)

Rate and total indicator
Tamper-evident security seal &
cross-drilled screws (2) for tamper-evidence
Power/Output cable port access, tamper-sealed

Equalization lug

Internal Data Logger (Optional)
Powder-coated ductile cast iron electronics housing

IP68 Housing Option
(For 4”-12” meter;
standard for 3” models)

AG2000
Irrigation Magmeter
SPECIFICATIONS*
Pipe Sizes

3”, 4”, 6”, 8”, 10”, 12”

Fittings

ANSI 150 lb. drilling

Pressure

150 psi (10.3 bar) working pressure

Temperature

Operating

10˚ to 130˚ F (-12˚ to 54˚ C)

Non-Operating

-40˚ to 158˚ F (-40˚ to 70˚ C)

Accuracy

+/- 1% of reading for flow between 10% to 100% of max flow
+/- 2% of reading for flow from cutoff to 10% of max flow

Materials

Body (3” Only)

Ductile cast iron, powder coated w/NSF61 listed epoxy powder

Body (4”-12”)

Welded steel, epoxy-coated

Liner (3” Only)

Noryl®

Liner (4”-12”)

Santoprene/Polypropylene

Electronics Housing

Diecast aluminum, powder-coated (non-IP68)		

Electrodes

316 stainless steel

O-ring (3” Only)

EPDM

Display		
Digits
Units
Power

Ductile Cast Iron (IP68)

Rate
Total
5
8
Gallon/Minute, Liter/Minute, Cubic Feet/Minute,
Gallon, Gallon x 1000, Liter, Liter x 1000, Mega Liter,
Cubic Meter/Hour, Gallons/Sec, Liter/Second
Cubic Meters, Cubic Meter x 1000, Acre Feet, Cubic Feet,
Cubic Feet/ Sec, Miner’s Inch, Cubic Meter/Min
Cubic Feet x 1000, Million Gallon, Miner’s Inch Day, Acre Inch
1 battery pack that contains 2 Lithium 3.6V “D” batteries, replaceable.
Standard battery life 2.5 years
5 years with extended battery life (EBL) option
With external power option (uses 8-32 Vdc, 30 mA),
Lithium batteries serve as backup in power failure (10 year life)

Pulse Output (with optional cable)
		
Signal

Current sinking pulse, opto-isolated, 30 Vdc at 10 mA max

		
Pulse Rates

High Frequency; 10 units/pulse; 100 units/pulse; 1000 units/pulse
3”
4”
6”
8”
10”
16.362
6.307
3.344
2.15
25.228

		
High Frequency
		(pulse/gal)
Conductivity

>20 microSiemens/cm

Empty Pipe Detection

Hardware/software, conductivity-based

Environmental

NEMA 4X Standard (IP68 Option)

*Specifications subject to change. Please consult our website for the most current data (www.seametrics.com).
**Extended battery life option is standard on all IP68 meters.

12”
1.530		

AG2000
Irrigation Magmeter
OUTPUT CAPABILITIES
Data Logger
Compatible

Internal
Data Logger

Telemetry
Ready

(Optional)

Radio Telemetry

Remote
Data Logger
(Accessory)

AG2000

AG2000

DIMENSIONS
AG2000 Shown (4”-12”)

T

(Metal
Flange)

H

ID

L
(Including Rubber Gaskets)

AG2000 (Standard Housing)
Shipping Weight
Standard

Standard
AG2000
Meter Size

inch

mm

inch

mm

inch

mm

inch

mm

pounds

Kg

4”
6”
8”
10”
12”

10.24
12.27
14.24
18.18
19.68

260
312
362
462
500

7.0
8.1
9.1
10.1
11.1

178
206
231
257
282

.62
.69
.69
.69
.81

20.9
23.3
23.3
23.3
20.6

3.12
5.05
6.44
8.61
10.55

79.25
128.27
163.58
218.69
267.97

32
47
69
125
145

15
21
31
57
66

Flanges

L

T

H

			

ID

Standard ANSI 150 lb. drilling		

Cable (AG2000) 1 lb.

AG2000
Irrigation Magmeter
DIMENSIONS
AG2000-300 Shown (3”)

IP68 housing standard for 3” model

T

H

(Metal
Flange)

ID

L
AG2000 Shown
(4”- 12” IP68 Housing)

T

(Metal
Flange)

H

ID

L
(Including Rubber Gaskets)

AG2000 with IP68 Housing (-168 option)
Shipping Weight
IP68 Version

IP68
AG2000
Meter Size

inch

mm

inch

mm

inch

mm

inch

mm

pounds

Kg

3”
4”
6”
8”
10”
12”

12.0
10.24
12.27
14.24
18.18
19.68

305
260
312
362
462
500

6.80
8.12
9.22
10.22
11.22
12.28

173
206
234
260
285
312

.68
.62
.69
.69
.69
.81

17.3
20.9
23.3
23.3
23.3
20.6

2.60
3.12
5.05
6.44
8.61
10.55

66.04
79.25
128.27
163.58
218.69
267.97

41
35
50
72
128
148

19
16
23
33
58
67

Flanges

L

H

T

ID

Standard ANSI 150 lb. drilling				

Cable (AG2000) 1 lb.

AG2000
Irrigation Magmeter
STRAIGHT PIPE RECOMMENDATIONS
(X = pipe diameter)

Minimal straight pipe
required between elbows.
For other piping configurations,
consult factory.

2X

1X

FLOW

(X = pipe diameter)
2X

1X

FLOW

FLOW RANGE (3” - 12”)
Meter
Size

3”

4”

Gal/Min Liter/Sec

6”

8”

10”

12”

Gal/Min

Liter/Sec

Gal/Min

Liter/Sec

Gal/Min

Liter/Sec

Gal/Min

Liter/Sec

Minimum

7.5

.47

12

.75

32

2

60

3.8

95

6

Gal/Min Liter/Sec

130

8.2

Maximum

700

44.2

1,000

63

2,400

151.4

4,400

277.6

7,000

441.6

10,000

630.9

AG2000
Irrigation Magmeter
HOW TO ORDER
MODEL
SIZE
OPTIONS
				
AG2000

3” = -300*

PULSE RATE

Factory Installed Power/
Output Cable:
6m (20 ft) = -11/6
15m (50 ft) = -11/15
30m (100 ft) = -11/30

4” = -400
6” = -600
8” = -800
10” = -1000

(With Option -11)
10 Units*/Pulse = -PxX
100 Units*/Pulse = -PxH
1000 Units*/Pulse = -PxK
High Frequency**= -HF

Factory Installed IP68
Power/Output Cable:
6m (20 ft) = -11/6S
15m (50 ft) = -11/15S
30m (100 ft) = -11/30S

12” = -1200

UNITS
Gal/Min
=
Liter/Min
=
Cu Ft/Min =
Cu Meter/Hr =
Gal/Sec
=
Liters/Sec =
Cu Ft/Sec =
Miner’s In** =
Cu Met/Min =

GPM
LPM
CFM
CMH
GPS
LPS
CFS
MI
CMM

Gal
Gal x 1000
Liter
Liter x 1000
Mega Liters
Cubic Meters
Cu Met x 1000
Acre Feet
Cubic Feet
Cu Feet x 1000
Million Gal
Miner’s Inch Day
Acre Inch

=
=
=
=
=
=
=
=
=
=
=
=
=

G
GT
L
LT
ML
CM
CMT
AF
CF
CFT
MG
MID
AI

Internal Data Logger = -127
Serial Output = -131
IP68 Submersible = -168
Extend. Battery Life1 = -178

*-300 available
in IP68 only

1

Extended battery life is
standard on all IP68 meters

*Units = Gal or Liter depending
on Rate/Total unit selection
**High Frequency pulse rate
will shorten battery life

Consult factory for additional units
Any rate selection can be combined with any total selection
** 1 Miner’s Inch = 1.2 CFM

ACCESSORIES
Remote 4-20 mA (analog) signal = AO55W
Remote Rate and Total Indicator (Battery) = FT415W*
Remote Rate and Total Indicator (Powered) = FT420W*
Remote Data Logger = DL76W
Dual Power Supply, 115 Vac, 12/24 Vdc = PC42
(Use with High Frequency pulse rate)
Replacement Battery Pack = 100889
Weather Guard = 100961

Post-Factory 20-ft. Power/Output Cable
(Standard Housing Only) = DC30

Grounding Rings
(not needed for most applications):

Post-Factory 50-ft. Power/Output Cable
(Standard Housing Only) = DC35

3” = 102157

Post-Factory 20-ft. Power/Output Cable
(IP68 Housing Only) = DC30S

6” = 100877

Post-Factory 50-ft. Power/Output Cable
(IP68 Housing Only) = DC35S

4” = 100876
8” = 100878
10” = 100879
12” = 103288

*Consult customer service to determine the appropriate indicator based on the distance it will be installed from the meter.

CONTACT YOUR SUPPLIER
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MJ-628-R1

PMM-EB II Water Meters
®

Multi-Jet Type Magnetic Drive Cold Water Meters
1-1/2” (DN 40mm) and 2” (DN 50mm) Sizes
DESCRIPTION
Applications: Measurement of cold water where flow
is in one direction only; in residential, commercial and
industrial services.
Conformance To Standards: Sensus PMM-EB II Water
Meters comply with ANSI/AWWA Standard C708-latest
revision. Each meter is tested to insure compliance.
Construction: Sensus PMM-EB II Water Meters consist
of three basic components: maincase; measuring
chamber; and sealed register. Main cases are of bronze
with either flanges, internal or externally-threaded
spuds. Registers are housed in synthetic polymer ring
and lid, a bronze bonnet is available as an option.
Measuring chambers are made of Polystyrene, Nylon,
and Polycarbonate, they are corrosion-resistant, tailored
thermoplastic material formulated for long-term
performance and especially suitable for aggressive
water conditions. Main case bottom plates are available
in bronze.
Sealed Register: Hermetically sealed; proven
magnetic drive design eliminates dirt and moisture
contamination, tampering and lens fogging problems.
Standard register includes a straightreading, odometertype totalization display; a 360° test circle with center
sweep hand; and a low flow (leak) detector. Gears
are selflubricating, molded plastic for long life and
minimum friction. No change gears are required for
accuracy calibration. Encoder-type remote reading
systems are available for all PMM-EB II Water Meters.
(See other side of sheet for additional information.)
Tamperproof Features: A unique locking system
prevents customer removal of the register to obtain free
water. A special tool, available only to water utilities, is
required to remove the register ring. When the optional
bronze register bonnet is selected, a tamper detection
seal is available.
Magnetic Drive: The PMM-EB II features a
hydrodynamically cushioned design that eliminates
premature wear of components. The meter utilizes a
patented positive, reliable drive coupling. The highstrength magnets used will eliminate “drive slip” in
normal use and also provide adequate strength to drive
remote register units.
Operation: Water flows through the meter’s strainer
and into the measuring chamber where it drives the
impeller. The impeller has a sapphire bearing and
is balanced on a tungsten-based titanium stainless
steel shaft. The drive magnet transmits the rotation
of the impeller to a drive magnet located within the

1-1/2” PMM-EB II®
(DN 40mm)

2” PMM-EB II®
(DN 50mm)

hermetically sealed register. The drive magnet is
connected to the register gear train. It reduces the
impeller’s rotation into volume totalization units
displayed on the register dial face.
Maintenance: Sensus PMM-EB II Water Meters are
engineered to provide long-term value and virtually
maintenance-free operation. Simplicity of design
and precise machining of components allows
interchangeability of parts of like-size meters, reduced
parts inventory requirements, and ease of maintenance.
The register can be removed without relieving the water
pressure or removing the case from the installation.
As an alternative to utility repair, Sensus offers
maintenance programs to provide factory
reconditioning of the main case and replacement
component at low fixed prices. See bulletin MJ-299.
Connections: Tailpieces/Unions for installing the meters
on a variety of pipe types and sizes are available.
AMR / AMI Systems: Meters and encoders are
compatible with current Sensus AMR/AMI systems.
Guarantee: Sensus PMM-EB II Water Meters are
backed by “The Sensus Guarantee.” Ask your Sensus
representative for details or see Bulletin G-500.
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DIMENSIONS A N D N E T W E I G H T S
Meter Size

Connections

A

B

C

D

Width

Bolt
Circle

Number of
Bolts

Bolt
Size

Net
  Weight

1-1/2”
(DN 40mm)

Flanged

13”
(330mm)

6-1/2”
(165mm)

3-1/4”
(83mm)

19/32”
(15mm)

5-1/2”
(140mm)

4.016”
(18mm)

2

5/8”
(16mm)

17 lbs.
(7.7 kg)

Male Thread

12-5/8”
(321mm)

6-1/2”
(165mm)

3-1/4”
(83mm)

N/A

5-1/4”
(133mm)

N/A

N/A

N/A

13-1/2 lbs.
(6.2 kg)

Female Thread

12-5/8”
(321mm)

6-1/2”
(165mm)

3-1/4”
(83mm)

N/A

5-1/4”
(133mm)

N/A

N/A

N/A

13-1/2 lbs.
(6.2 kg)

Flanged

17”
(432mm)

6-3/4”
(172mm)

3-5/8”
(92mm)

23/32”
(18mm)

6-1/8”
(156mm)

4.488”
(114mm)

2

3/4”
(19mm)

22-1/2 lbs.
(10.2 kg)

Male Thread

15-1/4”
(388mm)

6-3/4”
(172mm)

3-5/8”
(92mm)

N/A

5-3/4”
(146mm)

N/A

N/A

N/A

15-1/4 lbs.
(9.7 kg)

Female Thread

15-1/4”
(388mm)

6-3/4”
(172mm)

3-5/8”
(92mm)

N/A

5-3/4”
(146mm)

N/A

N/A

N/A

15-1/4 lbs.
(9.7 kg)

Oval Flange

10”
(254mm)

6-3/4”
(172mm)

3-5/8”
(92mm)

23/32”
(18mm)

6-1/8”
(156mm)

4.488”
(114mm)

2

3/4”
(19mm)

19 lbs.
(8.6 kg)

Round Flange

10”
(254mm)

6-3/4”
(172mm)

3-5/8”
(92mm)

23/32”
(18mm)

6-1/8”
(156mm)

4.488”
(114mm)

4

3/4”
(19mm)

20 lbs.
(9 kg)

2”
(DN 50mm)

2” Short
(DN 50mm)

SPECIFICATIO N S
SERVICE

Measurement of cold water with flow in only one direction.

NORMAL
OPERATING
FLOW RANGE 1

1-1/2” (DN 40mm) size: 5 to 100 gal/min. (1.1 to 23.0 m3h)
2” (DN 50mm) size: 8 to 160 gal/min. (1.8 to 36.0 m3h)

ACCURACY

100% ± 1.5% of actual thruput in normal flow range.

LOW FLOW
REGISTRATION

1-1/2” (DN 40mm) size: 95% at 1.5 gal/min. (0.35 m3h)
2” (DN 50mm) size: 95% at 2 gal/min. (0.45 m3h)

MAXIMUM
PRESSURE LOSS

1-1/2” (DN 40mm) size: 14.0 psi at 100 gal/min.
(0.24 bar at 11.4 m3h)
2” (DN 50mm) size: 14.0 psi at 160 gal/min.
(0.31 bar at 18.2 m3h)

MAXIMUM
OPERATING
PRESSURE

150 psi (10.0 bar)

MEASURING
ELEMENT

Multi-Jet

REGISTER

Straight reading, hermetically sealed, magnetic drive.
Remote reading unit optional.

1

REGISTRATION

100,000,000 gallons,
100 gallon / sweep hand revolution.
10,000,000 Cubit Feet
10 C.F. / sweep hand revolution.
100,000 Cubic Meter
0.1 m3h / sweep hand revolution.

METER
CONNECTIONS 2

Flanged 1-1/2”: two bolt oval flanged.
Female 1-1/2”: NPT internal pipe threads.
Male 1-1/2”: NPSM external pipe threads.
Flanged 2”: two bolt oval flanged.
Female 2”: NPT internal pipe threads.
Male 2”: NPSM external pipe threads.

MATERIALS

Maincase — EnviroBrass II C8952 alloy
Register box — synthetic polymer (standard),
EnviroBrass II (optional)
Measuring chamber — Nylon, Polycarbonate
Bottom plate — EnviroBrass II
Magnets — Ceramic material
Casing bolts — Stainless steel
Strainer — Synthetic polymer
TM

TM

Maximum rates listed are for intermittent flow only. Maximum continuous flow
rates as specified by AWWA are: 1-1/2” (DN 40mm) — 50 gal/min (11.0 m3h),
2” (DN 50mm) — 80 gal/min (18.0 m3h).

2

Flanged spuds are standard for 1-1/2” (DN 40mm) and 2” (DN 50mm) size
meters and will be furnished unless otherwise specified.
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Propeller Meters

Propeller Meters

Flow measurement
solutions for
water and
wastewater

Perfect flow measurement solutions

Water Specialties Propeller Meters are
designed and manufactured with precise
techniques and high quality components to
deliver superior performance, low maintenance
and unsurpassed durability. Materials used on
all meters and flow ranges for low velocity
construction meet or exceed
AWWA standard C704. Meters
are available for a variety
of applications,
in sizes 2"
through 120".

Potable water
Wastewater
management
Water well
production
Marine system
testing
Fire sprinkler
testing
Pumping stations
Truck loading
and discharge
Canal laterals

Quality design,
superior performance
Optional FlowCom digital indicator-totalizer has a non-volatile memory. The five digit
indicator shows flow rate in 22 different units, including GPM, CFS, MGD. The eight
digit totalizer provides volumetric flow data and is available in 20 different units, including
Gallons, AF, CF. Units of measurement are user-selectable. Battery life is 6 -10 years.
Housing is NEMA 4X rated. Available with optional 4-20mA and/or pulse output.

Injection molded thermoplastic bonnets.
Hinged lid with padlock hasp to prevent
unauthorized entry.

Standard six-digit flow volume totalizer.
3" diameter display with 100 division
center sweep dial. Configurable in
gallons, cubic feet, acre feet, or any
standard liquid measuring units. Magnetic
drive assures moisture tight seal.
Available with optional 4-20mA and/or
pulse output.

Fabricated steel meter tubes with
straightening vanes. Coated inside and out with
12 to 15 mils of NSF approved fusion-bonded epoxy.

Cast iron or fabricated steel meter heads
feature a protective coating of 12 to 15
mils of NSF approved fusion-bonded epoxy.

Long life ceramic dual
thrust bearings handle
both forward and reverse
direction flow.
Change gears
allow for on-location
dial changes and
recalibration without
removing pressure
from the line.

Optional indicator-totalizer
delivers instantaneous
flow rate indication and
totalization of flow volume.
4-inch diameter display
with 250° dial, six-digit
totalizer, and test sweep
hand. Configurable in
GPM, CFS, MGD or any
standard liquid measuring
units. Choice of standard
totalizer measuring units.
Available with optional
4-20mA and/or pulse output.

Water-lubricated ceramic sleeve
propeller bearing rides on a ceramic
sleeved stainless steel spindle.

Injection molded propeller designed to handle
temperatures up to 140° without pitch distortion.
Also available for temperatures up to 350°.

Stainless Steel gearbox with
removable one-piece stainless
steel separator/spindle.

Four-pole radial, permanent ceramic type
magnetic drive will not demagnetize or rust.
Oil-filled, sealed gearbox houses miter gears
suspended between stainless steel ball bearings
for smoother operation.

O-ring seals are used at the meter
head and all other points where seals
are required.

*
*
*

*	Available for 300 PSI applications. Replacement meter heads available for other brands of meters.

NOTE

Consult factory for special pressure ratings or materials of construction.

Remote mounting

Electronic propeller meters

up to 50 feet

Water Specialties offers the most radical change
in propeller meters in the last fifty years. Our
electronic meter offers the latest in technology
and simplicity of design. Engineered from the
ground up, the electronic meter is light years
ahead of its time.
One moving part
The propeller is the only moving part in the electronic
propeller meter. A sensor which is magnetically
coupled to the propeller electronically drives the
digital indicator-totalizer.

The Remote Mounting Kit is the ideal solution for measuring
flows in tight-fit installations, such as meter vaults or confined
spaces. Designed for use with FlowCom digital indicatortotalizers and indicator-totalizer-transmitters, the kit includes a
water-tight connection to the meter head, and up to 50 feet of
cable. All parts are constructed of durable, corrosion-resistant

		Installation is made by cutting a hole in the existing pipe
and then attaching meter securely to the line.
	Installation is made to an appropriate cast iron or fabricated
tee. Replace an elbow in existing systems, such as on the
suction side of a centrifugal pump or laterals in irrigation
systems.
	Installation is made to any vertical discharge line with the

proper size flange connection, or to vertical discharge concrete
turnouts with proper anchor bolts.

	Installation is made to any wall or vertical structure which will

center the propeller in the measuring area. For use in ditch
turnouts, reservoir outlets, closed conduits, or other
similar installations that have a controlled flow measuring area
and full flow of liquid.

Installation notes

 Installation is made by using one of many types of pipe
couplings available or by welding to adjoining pipe.

Long life battery
The battery has a life of 6 to 10 years.
Transmitter Optional Outputs
4-20 mA
Pulse output
Contact closure

materials for a long maintenance-free life.

	Meters bolt into existing Water Specialties saddles
or meter tubes.

FlowCom display
Specially designed LCD display can be read in bright
sunlight and will not be damaged by prolonged exposures
to sunlight. The indicator-totalizer is encapsulated in a
moisture resistant barrier so no moisture can come in
contact with the electronic components. This solid state
design offers extended life.

Memory
The non-volatile memory retains the totalizer
quantity and programming.
Installation
The electronic meters can be installed vertically,
horizontally or inclined.
Conversion
Water Specialties mechanical propeller meters can be
converted to electronic propeller meters in the field.

Transmitters

FC1O1

1 Other pulse rates available.
2	Dual pulse rate output transmitters available.
3	Provides one contact per totalizer count.
4 Provides a 4-20 mA current signal proportional to the rate of flow.

Chart Recorder
Flow Computers

FC1O1

FC1O1

Flow range and accuracy selection chart

*	Low velocity construction has the same low and maximum flow rates as AWWA C704.
Low velocity meter sizes 2" through 48" are only available as main-line tube type.
Sizes 54" through 120" are available on all other main-line meters.

**	Consult factory for flow range or special construction
Standard construction will be supplied for all main-line meters unless special flow range, materials,
or construction are required. Refer to individual data sheets for flow range of each model.

The meter must have a full flow of liquid for proper accuracy.
Fully-opened gate valves, fittings, or other obstructions that tend
to set up flow disturbances should be a minimum of five pipe
diameters upstream and one pipe diameter downstream from the
meter. Meters not equipped with straightening vanes must have a
minimum of ten pipe diameters upstream and two pipe diameters
downstream from the meter.

Meter testing
One of the world’s largest volumetric test
facilities owned by a meter manufacturer
offers accuracy and calibration tests of flow
meters 5⁄8" to 72" diameter, with flow rates up
to 60,000 GPM. Expanded capabilities allow
testing of up to 20 meters of the same size
at one time. Every Water Specialties Propeller
Meter is tested in its final form in the same
pipe size and same tube style that the meter
will be mounted in.

The Water Specialties Propeller
Meteris uniquely designed to meet
the flow measurement needs of water
and wastewater users.
Employed extensively in the water and
wastewater industry, it has built a
reputation for durability, reliability
and high performance.
Our knowledgeable staff can assess
your flow measurement application

The testing is at minimum, intermediate, and
maximum flow ranges of the meter and the
amount of water used to conduct the test is
left on the totalizer. If desired, the test
may be witnessed by you, the customer, or
your selected agent. A copy of the certified
accuracy test record is furnished upon request.
We can also test most types and brands of
meters. Please consult our factory for any
special testing you would like done.

and help you find the best metering
technology for your situation.
To find out more about our flow
measurement products, or for a free
flow evaluation, contact your nearest
Water Specialties representative
today or visit our website at
www.mccrometer.com.

3255 West Stetson Avenue, Hemet, California 92545, USA

tel 951.652.6811   fax 951.652.3078

www.mccrometer.com   
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DROUGHT MANAGEMENT PLAN
BACKGROUND AND OVERVIEW
On April 1, 2015 Governor Brown issued Executive Order B-29-15, mandating agricultural
water suppliers to include a detailed Drought Management Plan (DMP) describing actions and
measures taken to manage water demand during drought. Except for water year 1992 (defined as
March 1992 through February 1993), Solano Irrigation District (District or SID) has always
received a full allocation of surface water supplies from the Solano Project. Nevertheless, the
District recognizes that there may be times when available surface water supplies are insufficient
to fully meet water demands and adopted a special set of rules in 1999, outlined in ‘Solano
Project Members’ Agreement as to Drought Measures and Water Allocation,’ to be implemented
in times of surface water shortage.
In response to the Governor’s Executive Order, SID has developed a detailed description of
existing policies and extraordinary actions undertaken in response to drought conditions. This
DMP supplements SID’s shortage allocation policies and describes a broad range of actions
undertaken during periods of supply shortage to manage available water supplies and meet
customer demands to the maximum extent possible. The DMP includes components
recommended by DWR in its 2015 AWMP Guidebook (DWR 2015). SID’s DMP describes the
determination of available water supply, drought responses, and water shortage impacts. The
description of water shortage impacts includes a summary of 2013 to 2015 supply and demand
conditions available at the time of preparation of this DMP.
DETERMINATION OF AVAILABLE WATER SUPPLY
Monitoring of hydrologic conditions to assess available water supplies is at the core of SID’s
water management across the full range of hydrologic conditions experienced, including drought.
To inform decisions related to available water supply, SID actively evaluates water supply
conditions in Lake Berryessa reported by the Bureau of Reclamation (Reclamation).
SID’s surface water supply depends primarily on storage in Lake Berryessa as stipulated in the
1999 Solano Project Members’ Agreement as to Drought Measures and Water Allocation, herein
referred to as the ‘Agreement’ (Attachment C-1). The Agreement was made between SID, Maine
Prairie Water District, the City of Fairfield, the City of Vacaville, the City of Suisun City, and
the City of Vallejo (herein referred to as ‘Parties’). The Agreement specified how water is to be
allocated between all Parties in water short years. The District is entitled to 141,000 acre-feet
per water year (defined as March to February) in full supply years. Under the 1999 Agreement, if
storage in Lake Berryessa is between 550,000 acre-feet and 880,000 acre-feet as measured on
April 1st SID foregoes 5% of their annual entitlement. Likewise, if storage is between 450,000
acre-feet and 550,000 acre-feet, the District forgoes 10% of their annual entitlement.
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DROUGHT RESPONSES
This section describes actions and activities undertaken by SID to address surface water shortage
and incorporates the shortage allocation policies described in Section 3.11 of the District’s
AWMP, coordination and collaboration, supply management, and demand management.
Declaration of Water Shortage and Shortage Allocation Policies
As previously discussed, the 1999 Agreement states that when storage falls below 800,000 acrefeet in Lake Berryessa, as measured on April 1st, water shortage will be declared and restricted
entitlements will be implemented.
Additionally, the District has adopted an agricultural water allocation policy (Attachment C-2),
which gives the Board of Directors the authority to set grower water allocations each year.
Allocations will be determined prior to each irrigation season based on the amount of available
surface and groundwater supplies and total irrigated area. Each customer’s allocation will be
determined based on the irrigated acreage under the customer’s management.
Coordination and Collaboration
Under the Agreement, when storage in Lake Berryessa drops below 800,000 acre-feet (as
measured on December 1st), all Parties will meet with Solano County Water Agency (SCWA) to
prepare a Drought Contingency Plan. The Drought Contingency Plan includes reasonable water
conservation measures, investigation of potential emergency supplies, and other reasonable
measures which could reduce depletion of storage in Lake Berryessa.
Supply Management
SID manages carryover storage in Lake Berryessa, considering current and projected water
supply and demands. The 1999 Agreement establishes two carryover storage accounts: voluntary
and restricted. Voluntary carryover storage allows the District to retain any unutilized portion of
the District’s annual entitlement in the District’s voluntary carryover storage account in Lake
Berryessa. The volume in the District’s carryover storage account can be used by District in
subsequent years or be transferred to another Party as described in the Agreement. Carryover
storage of all Parties is reduced proportionately when Lake Berryessa spills.
Extraordinary Operational Measures
To offset the consequences of the current drought, the District has increased hours of operation
to provide water users the additional water needed to meet crop irrigation requirements. The
District manages its groundwater conjunctively with its surface water supply by operating
groundwater wells earlier in the season to supplement surface water supply. The District’s
groundwater network can deliver up to approximately 14,000 acre-feet annually. Under normal
years the District utilizes at least 5,000 acre-feet of groundwater and in drought years increases
groundwater use as needed to meet demand.
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Supply Augmentation
With the large volume of storage near the SID surface area in Lake Berryessa, SID water
supplies have been sufficient in all years of SID’s operation. Should the aforementioned water
shortage agreement require the District to decrease its allotment by five or even 10 percent, the
District currently has pumping capacity to replace the decreased allotment.
SID actively utilizes available drainage water to supplement primary water supplies. Recycled
water is also used within the District boundaries, as authorized by the District, by individual
growers receiving recycled water supplies directly from wastewater treatment facilities.
However, under drought conditions, the availability of drainage and recycled water supplies are
also reduced. Due to the high water supply reliability of the Solano Project, SID has not
historically considered the potential of importing water from others. Based on the historical
record it is highly unlikely that additional supplies would be available for import if the District
were short. Even in the event that an alternate supply could be identified, there would be a
significant barrier to acquire the supplies as they would likely be cost prohibitive..
Demand Management
SID encourages on-farm water conservation to reduce demand on an ongoing basis through the
Solano County Water Agency Agriculture Water Conservation Committee (Committee), which
consists of representatives from Solano County Water Agency, Solano Irrigation District, Maine
Prairie Water District, Reclamation District 2068, Dixon Resource Conservation District, Solano
Resource Conservation District, U.C. Cooperative Extension, and the Natural Resources
Conservation Service. Committee activities and results are described in Attachment C-3 in detail
and include:
1. Operation of eight weather stations for growers to use for irrigation scheduling and farm
management
2. Weather website with local agricultural irrigation information (www.westernwx.com/sid)
3. Solano County weather forecast services
4. Soil moisture monitoring
5. Soil sensor installations and training
6. On-farm irrigation system evaluations
7. Irrigation scheduling services
8. Pump efficiency testing
9. Annual irrigation efficiency workshops
10. Annual newsletters, “The Irrigator”
11. Spanish language workshops
In addition, the District promotes on-farm irrigation system improvements through funding
opportunities available through the Environmental Quality Incentives Program (EQIP) offered by
the Natural Resources Conservation Service (NRCS). The District promotes available programs
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in their annual newsletter, “The Irrigator.” “The Irrigator” from 2015 is included in attachment
C-4.
WATER SHORTAGE IMPACTS
Supplier Revenues and Expenses
SID mitigates the increased cost of groundwater pumping during drought years in part by setting
irrigation water rates for irrigation water derived from deep well pumping higher than irrigation
rates for gravity supplied surface water.
Increased expenditures required to implement extraordinary drought management actions are
mitigated by reducing expenditures for capital improvements and maintenance. This allows for
more emphasis on system operations and demand management. District staff members spend
more time providing irrigation customer service and outreach to the public through increased
grower meetings, outreach programs, and drought workshops.
The District also maintains a 50% operating reserve fund to help insulate against cash flow
deficiencies in times of low water sales volumes or increased operating expenses (ie: increased
groundwater pumping during droughts).
Impacts on Water Supplies
To illustrate actions by SID and its customers to manage available water supplies during drought,
water supplies for 2013 to 2015 (contingent on availability of data) are summarized. The 2013
calendar year represents a normal supply year with full surface water entitlement. Also,
according to the 1999 shortage agreement, 2014 and 2015 also are years that SID has a full
entitlement. However, recognizing that the State is enduring a historic, multi-year drought with
reduced surface water supplies, the District increased groundwater pumping in 2014 to reduce
the use of their surface supply. This action added the supply not used because of the additional
groundwater pumping to the District’s voluntary carry over account for use in future years. All
sources of supply are summarized, to the extent available at the time of preparation of this DMP.
District surface water deliveries into the distribution canals from Putah South Canal were about
33,500 acre-feet less in 2014 compared to 2013 (Figure C.1) This is not due to lower supplies as
SID’s water supply allotment was not reduced in 2014. The difference can be explained
primarily due to the difference in spring precipitation as shown by the difference in March and
April deliveries. Also, the District groundwater pumping was increased in 2014 (Figure C.2) as
was described earlier. In 2015, District surface water deliveries increased from 2014 by 9,300
acre-feet slightly more than the decrease in district groundwater pumping in 2015.
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Figure C.1. Monthly cumulative district surface water deliveries for 2013 through 2015.

Figure C.2. Monthly cumulative District pumping for 2013 to 2015.

District groundwater pumping increased in 2014 by about 5,000 acre-feet compared to 2013 so
SID could conserve surface water supplies and add the surface water not used to its voluntary
carryover account in Lake Berryessa, (Figure C.2). In 2015, the District reduced pumping back
to previous levels to reduce the impact on local groundwater, use a portion of available voluntary
carryover, and reduce operating expenses.
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Private pumping is estimated by the District as 4,000 acre-feet in all years. Recent water balance
results indicate that private pumping may increase in drought years.
Total SID water supply was about 20,000 acre-feet less in 2014 and 2015 compared to 2013
(Figure C.3).

Figure C.3. Monthly cumulative total supply from 2013 to2015.

Demand Impacts
To illustrate water demands in SID during drought, water demands for 2013 to 2015 are
summarized, to the extent available. Due to SID’s exceptional water supply reliability, 2013,
2014 and 2015 all represent normal supply years with full surface water allotments. Demand is
characterized based on the total water (from all sources) delivered to SID irrigated lands,
reference evapotranspiration (ETo), a measure of atmospheric water demand; and crop
evapotranspiration of applied water (ETaw), a measure of consumptive water demand.
Total inflows available for irrigated lands, including farm deliveries from the distribution canals,
direct deliveries from the PSC, private groundwater pumping, and drainwater reuse were about
28,500 acre-feet less in 2014 compared to 2013 (Figure C.4). As observed earlier, the primary
difference is due to the increased precipitation in the spring months that had the direct result of
reducing irrigation applications in March and April of 2014.
Daily cumulative ETo in the SID agricultural service area was nearly the same in all three years
as represented by the Davis CIMIS station (Figure C.5).
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Figure C.4. Monthly cumulative total deliveries (including drainwater reuse and private
pumping) to irrigated lands from 2013 and 2014 (2015 private pumping is not yet available, so
only 2013 and 2014 cumulative total deliveries are shown).

Figure C.5. Daily cumulative ETo for 2013 to 2015.
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ET of applied water follows the same trend as reference ET, but was about 7,500 acre-feet more
in 2014 than it was in 2013 (Figure C.6). March and April ETaw in 2014 is lower than it was in
2013, as would be expected with the lower deliveries observed in March and April of 2014
compared to 2013. Beginning with July, the 2014 cumulative ETaw exceeds the 2013 curve.
This is likely due to minor differences in crop area as the cumulative reference ETo curves are
very similar. The 2015 ETaw was not available at the time this report was completed. The ETaw
is calculated as part of completing the water balance and will be available after the District
completes the full water balance for 2015.

Figure C.6. Monthly cumulative crop ETaw for 2013 to 2014.
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ATTACHMENT C-1. 1999 SOLANO PROJECT MEMBERS’
AGREEMENT AS TO DROUGHT MEASURES AND WATER
ALLOCATION
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AGENDA ITEM 6.1
ATTACHMENT NO. 1
SOLANO IRRIGATION DISTRICT
POLICY MANUAL
POLICY TITLE:
POLICY NUMBER:
8200

Agricultural Water Allocation Policy
8200

When the Solano Irrigation District (SID) was formed in 1948 its’ specific
purpose and charge was and still is as trustee of the District’s Solano Project
surface water allocation. The control and distribution of that surface water is
controlled by the reasonable and beneficial standards under the California
Water Code. With respect to those Codes and to the water allocations of SID,
the District is committed to managing this allocation to the mutual benefit of
all lands within the District’s service boundaries first and foremost. The need
to equitably distribute the water resources of the District to its constituents
therefore necessitates an agricultural water allocation policy.
The Agricultural Water Allocation Policy is to be used as a guide for the
District and its Board to equitably distribute its’ surface and groundwater
water resources within the SID service area.
Guiding Principles:
The guiding principles presented below are intended to illustrate the basic
assumptions that were used to develop the policy. The guiding principles are
as follows:
1. The District’s obligation under California Water Code is to manage and
deliver surface water resources under its charge in a reasonable and
beneficial manner.
2. All agricultural lands within the District boundaries have an equal right to
the availability of surface water, irrespective of use or crop(s) grown.
3. Annual allocation of surface water supplies will be based on a per irrigated
acreage basis.
4. The determination of the allocation per irrigated acre will be made
annually by the Board of Directors at the March Regular Board meeting.
To the extent feasible, preliminary estimates of allocation will be
published by the District in November for the following irrigation season.
5. Growers must submit crop declaration forms by February 15, to ensure
that cropped acreage is included and receives an allocation. Growers can
elect to use any portion of their total allocation on parcels under their
control, with some exceptions as noted below.
6. The annual allocation is not transferable into future years.
7. Management and use of Solano Project carryover water, when available, is
vitally important to ensure that Agricultural Water Users all benefit
equally from the resource.

Agricultural Water Allocation Policy
DRAFT October 21, 2015

1

Annual Agricultural Water Allocation Procedure:
The agricultural water allocation will be determined by the Board on an
annual basis, typically at the regularly scheduled March Board meeting. The
decision on allocation amounts will be made by first determining the amount
of surface and groundwater supplies available to the District with the Board
subsequently determining the amount of irrigation water to be used during the
irrigation season. Each year a Water Budget will be determined consisting of
water resources available to the District as follows:
a. Solano Project (SP) annual Agricultural Allocation of 121,000
acre-feet (af) or, the quantity made available to the District by the
Solano County Water Agency. This budget is generally known in
the fall of any given water year.
b. Solano Project Carryover (CO), which varies each year and could
be re-set to zero if/when Lake Berryessa Reservoir spills. The
exact amount of carryover water is not known until March 1 of any
given year.
c. Groundwater (GW). The District has a groundwater well network
and can deliver up to approximately 14,000 af. The District will
manage its GW supply conjunctively with its surface water supply.
GW budgeting depends on a number of factors (i.e. availability,
impact on others, potential judicial issues, best management
practices, pumping limitations as determined by a Groundwater
Sustainability Agency, etc.). Nonetheless, the District will seek to
make at least 5,000 af available during a normal year. During
drought years, the District will seek to make its maximum
pumping capacity available (about 14,000 af).
After which, the Water Budget to be allocated will be divided by the total
irrigable acres, as determined by crop declaration forms returned to the
District, to set the annual allocation.
The District will plan to use all of its Water Budget during any given year
with no limitation.
a. Base Allocation: Growers receive a proportionate share based on
total irrigated acres of the SP plus GW water budget as a Base
Allocation.
b. Additional Allocation: The District will determine the amount of
carryover (CO) to use for the year. The CO supply will be
proportioned equitably to all irrigated parcels at the beginning of
the irrigation season. For some, the Base Allocation plus the
Additional allocation will be sufficient. For those that may need
Agricultural Water Allocation Policy
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more water, the District will monitor the water usage within the
District and may recommend an adjustment to the Board to allow
for additional allocation at the July Board meeting. Doing so will
allow customers the opportunity to have more allocation so long as
the District’s Total Water Budget for the year is not exceeded.
Once the annual allocation per irrigated acre has been determined, the District
will assign a total allocation to each customer based on the acreage under the
customer’s control as determined on the crop declaration form submitted by
February 15th. The customer may use any portion of their total allocation on
individual parcels under their control within the District during the irrigation
season, with one exception. For newly irrigated parcels (parcels which have
not been irrigated within the prior three seasons), all water assigned to the
newly irrigated parcel may not be transferred to other properties whether
under control of the customer or not. Water assigned to newly irrigated
parcels must remain on said parcel and be used for three (3) consecutive
irrigation seasons prior to being eligible to transfer other properties under the
customers control.
Parcels not enrolled by February 15th, may not be provided an allocation until
after the regular Board meeting in July, at which the Board may elect to
increase the allocation based on usage up to that point of the irrigation season
and forecasted demand through the end of the season. It is the intent of the
District to use all of the resources allocated in the annual Water Budget. If an
increase in allocation is made, such increase will be applied to all parcels
equitably.
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Agricultural Water Conservation Programs in
Solano County

Solano County Agriculture
Ag lands – 62% of total lands in county (358,000 acres)
Irrigated lands – 41% of total cropland (146,000 acres)






Comprised of :
Solano Irrigation District
Maine Prairie Water District
Reclamation District 2068
irrigated lands outside of districts

40,000 acres
13,000 acres
13,000 acres
78,000 acres

Solano County Agricultural Water
Conservation Committee
Formed in 1992 to provide technical assistance
to growers in Solano County in an effort to
increase farm water use efficiency.

Reclamation District 2068
Maine Prairie Water District
Dixon & Solano Resource Conservation Districts

Services Offered
- Irrigation Management Assistance
- Goal: Efficient On-Farm Water Management
- Irrigation Specialist for the Committee: Paul Lum

Free Services:










Irrigation Evaluations for all types of irrigations
Irrigation Scheduling
Soil moisture sensor installation and training
Weather Data programs
Pump efficiency testing
Assist farmers with BMP installations to improve drainage
Grower Workshops in English and Spanish
“The Irrigator” newsletter sent to Solano farmers and landowners
Outreach to growers, agencies and farm organizations to promote
agricultural water conservation.

Precision Irrigation

Irrigation Evaluation Services


Determine Distribution Uniformity
(DU) for growers with all types of
irrigation systems. Advise growers
on ways to increase DU.

Timing advance rates

Checking sprinkler flows

Checking pressures at the sprinkler and at the main lines

Uniformity
POOR UNIFORMITY

Depth of
Water

GOOD UNIFORMITY
(NEVER PERFECT)

Depth of
Water

Improve DU
Drip Micro: Install uniform sprinkler heads/emitters
Fix leaks
Flush out hose ends regularly
Maintain filtration & backflush system
Maintain uniform pressures if possible
Proper design for new systems
Pressure compensating drip emitters
Furrow/Flood: Know your soil types
Know the amount of water being applied
Know your crop needs
Shorter runs better than longer runs
Level fields to grade, landplaning
Pack furrow rows, especially guess rows
Limit unnecessary drainage
Monitor advance rates & adjust flows
Use best combination of siphon pipes
Check often!
Irrigation Evaluation Mobile Lab

The Grower Report
How Many Hours Should I Irrigate?
How Much Water Should I Apply?




Utilize crop evapotranspiration rates
DU %
Soil types & plant stages

 Water rates entering the field

Other Services: Soil Moisture Monitoring



Data-logger

Soil moisture graphs

Soil moisture graph

Sensor installation

Participating Growers – Soil Program




50 growers in Solano County
120 soil sensor stations
Monitoring 3600 acres

Measure Leaf Moisture Tension






Walnut, Prune & Grape
application
Leaf Pressure Chamber,
or “Pressure Bomb”
Pressure Bomb available
on loan from Ag Water
Conservation Committee

Irrigation Scheduling
Understand Evapotranspiration




Evapotranspiration (ET) is
the sum of water losses
from plant uptake and
evaporation from soil &
plant surfaces.
Quantifying moisture
losses from ET in
inches/day or in./week
can help growers
determine how much and
when to irrigate, to restore
ET losses

“Irrigate to Restore ET Losses”

ETc Rates Also Available…
Call SID Weather Stations






West of Dixon
Suisun Valley Rd.
Green Valley Tractor
JT Ranch
Williams Rd.

693-1077
863-8978
426-4896
426-4097
426-4063

….Weather Website & Forecasting Services
www.westernwx.com/sid

CIMIS station
SID station in Suisun Valley

Assist Growers with Farm Drainage
“Best Management Practices”

Tail-water pond near Winters

Vegetated drain near Dixon

Other BMP’s:
sediment traps, vegetated field edges, vegetated waterways,
hedgerow plantings, cover crops…to name a few

Pump Efficiency Testing
Overall Pumping Plant Efficiency (OPE)

Step 1 Measure discharge flow & pressure
Step 2 Sound the Well (measure water levels)
Step 3 Measure Electrical input
OPE = total lift x GPM/3960
KW input/0.746

IE: OPE = 100’ x 1350/3960 = 50%
50/.746

By Testing Pumps:
• Determine the condition of pump & motor
• Determine whether the pump and motor are properly matched
• Track historical performance of pump & motor
• Improve water measurement accuracy
• Irrigation district benefits
• Repair pumps if necessary:
•Lower energy costs
•Increase pumping efficiency
•Increase life of pump & motor
•Repair rebates available from PG&E

Outcomes of Programs





Improved irrigation management - 4000 ac/yr.
Water conservation
Greater water use efficiency
Increased profitability for growers

Questions?
Paul Lum
Irrigation Specialist
Solano Agricultural Water Conservation Committee
(707) 455-4024
LumP@sidwater.org
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