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PREFACE 

This Agricultural Water Management Plan (AWMP or Plan) has been prepared by Orland Unit Water 
Users’ Association (OUWUA or Association) in accordance with the requirements of the Water 
Conservation Act of 2009, also known as Senate Bill x7-7 (SBx7-7) and Governor Brown’s Executive 
Order B-29-15.  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). 
Additionally, the CWC requires suppliers to implement certain efficient water management practices 
(EWMPs). On April 1, 2015 Governor Brown issued Executive Order B-29-15, which mandated 
agricultural water suppliers between 10,000 and 25,000 acres to also submit an AWMP by July 1, 2016 in 
accordance with SBx7-7 and stipulated a drought management plan (DMP) must also be incorporated into 
the AWMP. Agricultural water suppliers between 10,000 and 25,000 irrigated acres are not required to 
implement all “critical” or “conditional” EWMPs unless adequate funding is provided (CCR §597.1 (e) 
and §10608.48 (c)(1)).  

The main resources used to develop this 2017 AWMP were the CWC itself, the relevant sections of the 
CCR, the 2015 Agricultural Water Management Plan Guidebook, and the Governor’s April 2015 
Executive Order.  The resolution of adoption and a cross-reference are provided on the following pages.  
The 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 cross-
reference is intended to support efficient review of the AWMP to verify compliance with the CWC and 
CCR. 

In developing the Plan, OUWUA has devoted considerable effort to evaluating its water management 
practices and to developing a program aimed at sustaining sound water management practices where they 
are already in place and identifying opportunities to implement improved practices that are found to be 
locally cost-effective. 

Preparing this AWMP has challenged the Association to critically assess historic water management 
practices and to assess the technical and economic feasibility of implementing improved water 
management practices.  Through these processes, the Association has identified various improvement 
opportunities to better fulfill the Association’s mission of providing reliable, high quality, affordable 
water supplies for its irrigation customers.  The Association’s intent is to encourage water conservation 
and efficient water use consistent with State water policy. 
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RESOLUTION NO. 2017-02 
 

RESOLUTION OF THE BOARD OF DIRECTORS 
OF THE ORLAND UNIT WATER USERS' ASSOCIATION 

ADOPTING THE 2017 AGRICULTURAL WATER MANAGEMENT PLAN 
 
 

WHEREAS, the Orland Unit Water Users' Association has prepared the draft 
2017 Agricultural Water Management Plan in compliance with the requirements of the 
Conservation Act of 2009, also known as Senate Bill x7-7 (SBx7-7) and Governor Brown's 
Executive Order B-29-15, signed April 1, 2015; and, 

 
WHEREAS, Orland Unit Water Users ' Association has made the draft Plan available 

for public inspection and notified the public of the public hearing on the Plan in accordance 
with California Water Code Section 10841; and, 

 
WHEREAS, Orland Unit Water Users ' Association held a public hearing at its 

office located at 828 Eighth Street, Orland, California, 95963, at 11:00 a.m. on Thursday, 
April 13, 2017, and no comments were received during or before the hearing; and, 

 
WHEREAS, Orland Unit Water Users' Association shall implement the Plan as 

adopted with no changes and shall submit to entities in compliance with California Water 
Code Section 10843. 

 
NOW, THEREFORE, BE IT HEREBY RESOLVED that the Orland Unit Water 

Users' Association Board of Directors adopts the 2017 Agricultural Water Management Plan 
and supersedes all previous water management plans. 

 
PASSED AND ADOPTED by the Board of Directors of the Orland Unit Water Users' 

Association, this 13th day of April, 2017, by the following vote: 
 

AYES:  Donnelley, Douglass, Foster, Martin, Romano, Schroer, Strickler 
 

NOES:   None 
 

ABSENT: None 
 

ABSTEN TION: None 
 
Signed by: 
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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 

Chapter 4.  Agricultural Water Suppliers 
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10608.48 (a)   On or before July 31, 2012, an agricultural water supplier shall 
implement efficient water management practices pursuant to 
subdivisions (b) and (c). 

7  

(b)   Agricultural water suppliers shall implement all of the 
following critical efficient management practices: 

(see below) 

(1) 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) 

 3.8, 7.2 

(2) Adopt a pricing structure for water customers based at least in 
part on quantity delivered. 

 3.9, 7.2 

 (c)    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: 

(see below) 

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

 7.3 

(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. 

 7.3 

(3) Facilitate the financing of capital improvements for on-farm 
irrigation systems. 

 7.3 

(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. 

3.9, 7.3 

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

3.4, 7.3 
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10608.48 
 

(c) (6) Increase flexibility in water ordering by, and delivery to, water 
customers within operational limits. 

3.7, 7.3 

(7) Construct and operate supplier spill and tailwater recovery 
systems. 

3.4, 7.3 

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

4.2, 4.3, 
5, 7.3 

(9) Automate canal control structures. 3.4, 7.3 

(10) Facilitate or promote customer pump testing and evaluation.  7.3 

(11) Designate a water conservation coordinator who will develop 
and implement the water management plan and prepare 
progress reports. 

 7.3 

(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. 

 7.3 

(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. 

7.3 

(14) Evaluate and improve the efficiencies of the supplier’s pumps. 7.3 

(d)   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. 

7.5 
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California Water Code, Division 6, Part 2.8.  Agricultural Water 
Management Planning 

Chapter 3.  Agricultural Water Management Plans 
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   Article 1.  General Provisions  
10820 (a)   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. 

2 

10821 (a)   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. 

2 

(b)   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). 

2 

Article 2.  Contents of Plans 
10826 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    An agricultural water management plan shall be adopted in 
accordance with this chapter.  The plan shall do all of the 
following: 

(see below) 

(a)        Describe the agricultural water supplier and the service area, 
including all of the following: 

(see below) 

(1)           Size of the service area. 3.3 

(2)           Location of the service area and its water management 
facilities. 

3.3, 3.4 

(3)           Terrain and soils. 3.5 

(4)           Climate. 3.6 

(5)           Operating rules and regulations. 3.9 

(6)           Water delivery measurements or calculations. 3.10 

(7)           Water rate schedules and billing. 3.11 

(8)           Water shortage allocation policies. 3.12 

(b) 
 
 

 

       Describe the quantity and quality of water resources of the 
agricultural water supplier, including all of the following: 

(see below) 

(1)           Surface water supply. 4.2 

(2)           Groundwater supply. 4.3 
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10826 (b) (3)           Other water supplies. 4.4 

(4)           Source water quality monitoring practices. 4.5 

(5)           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. 

5 

(6)           Drainage from the water supplier's service area. 5 

(7)           Water accounting, including all of the following: 
             (A) Quantifying the water supplier's water supplies. 
             (B) Tabulating water uses. 
             (C) Overall water budget. 

5 

(8) 
          Water supply reliability. 

1.1, 4.2, 
5.8 

 (c)         Include an analysis, based on available information, of the 
effect of climate change on future water supplies. 

6 

(d)        Describe previous water management activities. 1, 2, 3, 4, 7 

(e)        Include in the plan the water use efficiency information 
required pursuant to Section 10608.48. 

7 

Article 3.  Adoption and Implementation of Plans 
10841     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. 

2 

10842     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. 

7 
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10843 (a)   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. 

2 

(b)   An agricultural water supplier shall submit a copy of its plan 
and amendments or changes to the plan to each of the following 
entities: 

(see below) 

(1) The department. 2 

(2) Any city, county, or city and county within which the 
agricultural water supplier provides water supplies. 

2 

(3) Any groundwater management entity within which jurisdiction 
the agricultural water supplier extracts or provides water 
supplies. 

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. 

2 

(6) The California State Library. 2 

(7) Any local agency formation commission serving a county 
within which the agricultural water supplier provides water 
supplies. 

2 

10844 (a)   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. 

2 

(b)   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 



2017 OUWUA 
AGRICULTURAL WATER   CROSS-REFERENCE TO 
MANAGEMENT PLAN  REQUIREMENTS OF SBX7-7 

Final VIII April 2017 

 

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

iv
is

io
n

 

S
u

b
d

iv
is

io
n 

P
ar

ag
ra

p
h 

Code Language 

A
p

p
li

ca
b

le
 

A
W

M
P

 
S

ec
ti

on
(s

) 

 

 12 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. 

3.12, 
Attachment 
H 
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ACRONYMS AND ABBREVIATIONS 
 
AF Acre-feet 
AN Above normal year 

AWMP or 
Plan 

Agricultural Water Management 
Plan  

BCSD 
bias comparison and spatial 
disaggregation  

BN below normal year 
BMPs Best Management Practices  
CCR California Code of Regulations  
CCUF Crop Consumptive Use Fraction  

CIMIS 
California Irrigation Management 
Information Station  

CASGEM 
California Statewide 
Groundwater Elevation 
Monitoring  

CWC or 
Code 

California Water Code  

CVPIA 
Central Valley Project 
Improvement Act of 1992  

CVP Central Valley Project  
CCC Civilian Conservation Corps  

CMIP3 
Coupled Model Intercomparison 
Project Phase 3 

C critical year 
CFS cubic feet per second  
DF Delivery Fraction  
DWR Department of Water Resources  
DMP drought management plan  
D dry year 

EWMPs 
efficient water management 
practices     

ET Evapotranspiration  

ETo reference evapotranspiration  

ETaw 
crop evapotranspiration of applied 
water      

ETpr precipitation  

GPM gallons per minute  
GCMs Global climate models  
GDD growing degree day  

IDC 
Integrated Water Flow Model 
Demand Calculator  

ITRC 
Irrigation Training and Research 
Center     

LCWs long crested weirs 

METRIC 
Mapping evapotranspiration at 
high resolution with internalized 
calibration  

NCDC National Climatic Data Center  
NIWR net irrigation water requirements  

NPDES 
National Pollutant Discharge 
Elimination System  

O&M Operation and Maintenance  
OUWUA 
or 
Association 

Orland Unit Water Users’ 
Association  

PU503 Planning Unit 503 

RRA 
Reclamation Reform Act of 
1982 

SRI Sacramento River Index  
SBx7-7 Senate Bill x7-7  

SCADA 
Supervisory Control and Data 
Acquisition      

SEBAL 
Surface Energy Balance 
Algorithm for Land  

SGMA 
Sustainable Groundwater 
Management Act of 2014  

SWRCB 
State Water Resources Control 
Board 

TCC Tehama Colusa Canal  

TC Intertie Tehama-Colusa Intertie  

TCCA Tehama Colusa Canal Authority 

USACE US Army Corps of Engineers 
USBR U.S. Bureau of Reclamation  
WMF Water Management Fraction  
WUE Water Use Efficiency 
W wet year 

WWCRA 
West-Wide Climate Risk 
Assessment  

WCRP World Climate Research Program  
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EXECUTIVE SUMMARY 

INTRODUCTION 

This Agricultural Water Management Plan (AWMP or Plan) has been prepared by Orland Unit Water 
Users’ Association (OUWUA or Association) to describe the Association’s agricultural water 
management activities in accordance with Senate Bill x7-7 (SBx7-7), also referred to as the Water 
Conservation Act of 2009. Preparation of the AWMP includes a detailed evaluation of the Association’s 
water management operations as they relate to the implementation of mandatory and other locally cost-
effective efficient water management practices (EWMPs). 

The Association’s mission statement is:  

“Orland Unit Water Users’ Association’s mission is to acquire, furnish, provide for, and distribute to the 
lands of the shareholders of the Association an adequate supply of water for the irrigation thereof; and to 
divert, store, develop, pump, carry and distribute water for irrigation and all other beneficial uses.” 

OUWUA is a private, non-profit California Corporation that operates and maintains the U.S. Orland 
Project under contract with the U.S. Bureau of Reclamation.  As such, OUWUA strives to deliver in the 
most efficient manner possible, Orland Project water for irrigation purposes to those Project lands having 
subscribed water rights. 

The Association is required to submit an AWMP under the Governor’s Executive Order B-29-15, which 
requires agricultural water suppliers between 10,000 and 25,000 acres to submit a Plan to DWR by July 1, 
2016. However, the Association is not required to implement specific requirements from SBx7-7 unless 
full funding or cost-share has been provided to implement the specific SBx7-7 requirement. Recognizing 
the importance of water management planning, OUWUA has made significant progress in water 
management in recent years and is submitting this AWMP in accordance with the CWC.  Development of 
the AWMP represents a substantial effort by the Association to evaluate its water management, including 
the development of two detailed water balances, one for the area north of Stony Creek and one for the 
area served south of Stony Creek, spanning the period of 2002 through 2016 each with two water 
accounting centers ( distribution system and irrigated lands).  

The AWMP consists of an introduction to OUWUA, 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 Association’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 a drought management plan.  

WATER MANAGEMENT OBJECTIVES AND ACTIONS 

The Association’s primary water management objective is to maintain a reliable, affordable, high quality 
water supply for agriculture. To that end, OUWUA has participated in numerous local and regional water 
management projects and initiatives, in addition to the day-to-day operation and maintenance of the 
Association’s supply and distribution system to meet irrigation demands. Actions of note initiated in the 
last 15 years include the following:  
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 2003 OUWUA Distribution System Modernization and Water Conservation Project, A CALFED 
Agricultural Conservation Program Grant Study, DWR grant funded, completed by CH2MHill. 

 2003 OUWUA and TCCA Regional Water Use Efficiency Project, A CALFED Agricultural 
Conservation Program Grant Study, DWR grant funded, completed by CH2MHill. 

 Stony Creek Alternative for Conveyance to Sites Reservoir North-of-Delta Offstream Storage 
Evaluations prepared for California Department of Water Resources and completed by 
CH2MHill, May 2003. 

 2005 ITRC Orland Unit Water Users’ Association Modernization Plan & Specifications. 

 Feasibility Study for Undergrounding OUWUA Canals in the City of Orland prepared for the 
City of Orland by CH2MHill, March 2005 

 Application Procedures and Construction Guidelines for the Undergrounding of the OUWUA 
Irrigation Canals Within the City of Orland prepared by Ray Toney Associates, May 2006, 
Adopted by Board of Directors—(Pressure standard revised in 2016) 

 Stony Creek Fan Conjunctive Water Management Program Feasibility Investigation Technical 
Memorandum No. 3 Land Use, Water Demands and Supplies: Prepared for Glenn-Colusa 
Irrigation District , Orland-Artois Water District and Orland Unit Water Users’ Association, 2006 

 Stony Creek Fan Conjunctive Water Management Program Feasibility Investigation; Prepared 
for: Glenn-Colusa Irrigation District, Orland-Artois Water District, Orland Unit Water Users’ 
Association, 2006 

 Orland Project Regulating Reservoir and Associated Canal Structure Improvements, Water Use 
Efficiency Grant Proposal, Orland Unit Water Users’ Association, 2007  

 Orland Project Northside Distribution System Improvements, Water Use Efficiency Grant 
Proposal, 2012.   

 Orland Project Regulating Reservoir and Associated Canal Structure Improvements, Water Use 
Efficiency Grant Final Report, Orland Unit Water Users’ Association, 2013  

 Orland Project Regulating Reservoir and Associated Canal Structure Improvements, Water Use 
Efficiency Grant Post Project Annual Report of Benefits and Costs (2012), Orland Unit Water 
Users’ Association, 2013 

 Orland Unit Rapid Appraisal Process Report by ITRC, August 2016. 

 Orland Project Regulating Reservoir and Associated Canal Structure Improvements, Water Use 
Efficiency Grant Post Project Annual Report of Benefits and Costs (2013-2016), Orland Unit 
Water Users’ Association, 2017 

Recent drought conditions reemphasize the importance of recharge from surface water supplies for the 
Corning and Colusa Groundwater Subbasins to achieve sustainability, as envisioned by the recent 
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enactment of the Sustainable Groundwater Management Act of 2014 (SGMA). Analysis shows the 
seepage and deep percolation of OUWUA’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 OUWUA and its 
irrigation customers. The Association is and will continue to work with others within Glenn and Tehama 
Counties to comply with SGMA. In addition to its own water management practices, OUWUA 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 water management 
practices, and recharge the groundwater system.  

IMPLEMENTATION OF EFFICIENT WATER MANAGEMENT PRACTICES 

SBx7-7 lists 16 EWMPs aimed at promoting efficient water management. According to SBx7-7, two of 
these are “critical” (implementation is mandatory), while the remaining fourteen are “conditional” 
EWMPs, to be implemented if technically feasible and locally cost effective. OUWUA is implementing 
all of the mandatory EWMPs. Of the fourteen conditional EWMPs OUWUA is implementing all of those 
that are technically feasible at locally cost effective levels. These actions are organized with respect to the 
Efficient Water Management Practices (EWMPs) described in California Water Code (CWC) §10608.48.  
The EWMPs and past and future implementation activities by OUWUA are described in Table ES-1.  

The Association has focused recent EWMP evaluation and implementation efforts on improving delivery 
flexibility to customers and reducing operational spillage through increasing canal automation, improving 
water level and flow control, incorporating flow measurement at canal headings and operational spill 
sites, constructing a 49 AF regulating reservoir, and enhancing and expanding the Association’s SCADA 
system. Currently, OUWUA is in the process of improving the Northside Distribution System through 
remote automated flow control, installing 11 long-crested weirs along Laterals 100 and 130, and adding 
nine sites to the Association’s existing SCADA system. 

CONCLUSION 

Development of this AWMP has provided OUWUA with an opportunity to evaluate and describe its 
ongoing water management activities and to evaluate how these actions support the Association’s water 
management objectives, described above, as well as water use efficiency improvements from the State’s 
perspective. As demonstrated in the Plan, OUWUA is a local leader in water management and is 
committed to the ongoing evaluation and implementation of water management practices that fulfill the 
Association’s mission and corresponding water management objectives. In the future, the Association will 
continue efforts to effectively manage available surface water and groundwater supplies.  
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  Table ES-1.  Summary of EWMP Implementation Status  

Water Code 
Reference No. 

EWMP Position Implementation Activities Planned Activities 

CRITICAL (MANDATORY) BMPs FOR AGRICULTURAL CONTRACTORS 

10608.48.b(1) 
Water Measurement/Measure the volume of water delivered to 

customers with sufficient accuracy 
Implementing 

1. Deliveries for the purpose of productive agriculture are measured to +/- 6% as 
required by the USBR 2014 Criteria for Water Management Plans. 

1. Continue current activities.  

10608.48.b(2) 
Pricing Structure/Adopt a pricing structure based at least in part on 

quantity delivered 
Implementing 

1. OUWUA currently bills on a volumetric basis.  Users are charged a water delivery 
rate (2016 rate) of $24 per acre for up to three AF per acre, plus $13 per acre-foot for 
usage exceeding three AF per acre.  Users who plan to use less than three AF per acre 
can elect to transfer their unused water to a neighbor. 

1. Re-evaluate pricing rates, as needed. 

EXEMPTIBLE (CONDITIONAL) BMPs FOR AGRICULTURAL CONTRACTORS 

10608.48.c (1) Facilitate Alternative Land Use 
Not Technically 

Feasible 

"Lands with exceptionally high water duties or whose irrigation contributes to significant problems" are not known to exist within the 
OUWUA’s service area.  Furthermore, OUWUA’s rules and regulations prohibit wasteful use of water, preventing exceptional water duties or 
significant problems from occurring.   

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 

Not Technically 
Feasible 

1. There is currently no known recycled water within the Association service area.  
The City of Orland’s wastewater treatment plant is outside of OUWUA boundaries. 
Dairy facilities within the Project boundaries often practice self-application of dairy 
effluent to surrounding agricultural lands for irrigation and fertilization purposes.  
Additionally, Reclamation does not allow recycled water in the canals. 

1. OUWUA will evaluate all potential sources of 
recycled water as they become available as potential 
means to augment current water supplies. 

10608.48.c (3) 
Facilitate the Financing of Capital Improvements for On-Farm 
Irrigation Systems 

Implementing 

1. Provide information to growers regarding the Environmental Quality Incentives 
Program (EQIP) offered through the Natural Resources Conservation Service (NRCS) 
through newsletters. 

1. Continue to provide information on funding sources 
to growers. 

2. OUWUA facilitates adoption of capital improvements for on-farm irrigation 
systems by implementing canal modifications to provide for less expensive on-farm 
installations. 

2. Look for additional funding opportunities. 

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. 

Implementing 

1. OUWUA’s volumetric charge promotes 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).   1.  The Association will review its volumetric charge 

for standard and excess use over time to ensure that 
identified water management objectives are being 
achieved.   

2. The implementation of a volumetric charge per acre-foot of excess use provides a 
modest incentive to increase water use efficiency at the farm level (goal A). 

3. The volumetric charge also discourages excessive drainage (goal D). 

10608.48.c (5) 
Canal Lining/Piping and Regulatory Reservoirs to Increase Distribution 
System Flexibility and Capacity, Decrease Maintenance, and Reduce 
Seepage 

Implementing 

1. Constructed a 49.5 acre-foot regulating reservoir on Lateral 210 that was completed 
in 2012. The reservoir is designed to capture mismatches between supply and demand, 
re-regulate and redistribute to downstream customers.   

1. Continue active maintenance and repair of 
improvement pipelines. 

2. OUWUA typically dedicates approximately $100,000 from their operation and 
maintenance fees to reline canals and laterals as they become deteriorated, or to 
perform patching and other preventative maintenance to repair damage, reduce 
seepage 

2. Continue to evaluate and implement locally cost 
effective regulating reservoirs. 
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  Table ES-1.  Summary of EWMP Implementation Status  

Water Code 
Reference No. 

EWMP Position Implementation Activities Planned Activities 

10608.48.c(6) 
Increase Flexibility in Water Ordering By, and Delivery to, Water 
Users (Within Operational Limits) 

Implementing 

1. Installed ten (10) automated and telemetry equipped water control gates, a 49.5 AF 
regulating reservoir, and twenty (20) long-crested weirs within the Beat 2 service area.  

1. OUWUA will continue to evaluate and implement 
locally cost-effective actions to further increase the 
flexibility and steadiness of irrigation deliveries. 

2. Currently, implementing Phase I of the Northside Distribution Improvement project 
focusing on improving water level and flow control along the main canal. The project 
is will replace eleven (11) water level control structures with long-crested weirs, 
replace eight (8) lateral headings with improved structures and automated flow control 
gates, and one (1) concrete measuring ramp flume at the North Diversions. The North 
Diversion headgates will be automated for remote control and automated flow control. 
Construction began in November of 2016 and is expected to be completed by mid-
2017. 
3. OUWUA’s staff is also in the process of updating its water ordering and billing 
system to better track water orders and provide better ordering flexibility as system 
operations and infrastructure improvements increase flexibility in the timing, amount, 
and duration of deliveries.   
4. The planned Phase II of the Northside Distribution System Improvement project 
described in Attachment C, will also increase flexibility in water delivery. 

10608.48.c (7) 
Construct and Operate Contractor Spill and Tailwater Recovery 
Systems 

Implementing 

1. OUWUA is implementing this BMP through the recovery and rerouting of spillage 
to downstream users, operation of the Lateral 210 regulating reservoir to capture and 
prevent spillage, monitoring of spillage and boundary outflows to improve operations, 
and automation of lateral headings to prevent spillage. 

1. Continue and expand monitoring at spill sites to 
reduce spillage and develop representative data. 

2. OUWUA operates an intertie from Lateral 40 to the TCC through an exchange 
agreement with Reclamation.  Additionally, although no longer used, interties from 
Laterals 30 and 140 to the TCC were constructed and used in the past.  

2. Continue to evaluate and implement locally cost 
effective improvements to recover and prevent 
spillage and tailwater. 

3. The OUWUA system has three main spill sites (Becks Spill, Town Spill, and 
Lichtsteiner Spill) that convey approximately 70-90 percent of the total estimated 
operational spillage. Flow measurement exists at all of these main outflows, and 
telemetry has been installed at two out of these three sites. Measurement improvement 
and integration of the third site (Lichsteiner Spill) into the Association’s SCADA 
system is currently in progress. 

  

10608.48.c (8) Optimize Conjunctive Use Implementing 

1. Provide surface water at a lower cost than that of pumping groundwater. 
1. Continue active participation in local groundwater 
entities and initiatives, including SGMA. 

2. OUWUA is also a supporting member of the California Statewide Groundwater 
Elevation Monitoring (CASGEM) program through its cooperation with Glenn County 
who is the local groundwater basin monitoring entity. 

2. Continue to evaluate and implement locally cost 
effective actions.  

10608.48.c (9) Automate Distribution, and/or Drainage System Structures Implementing 

1. Automated two lateral headings (Lateral 210 and 10), five sublateral headings (220, 
212, 230, 214, 210 Below Becks), and automated, remotely-controlled releases from 
the Lateral 210 Regulating Reservoir to both Lateral 210 and 212. 

1. OUWUA will continue to evaluate opportunities for 
additional automation to increase delivery flexibility 
and steadiness and to reduce operational spillage. 

2. Constructed 24 long crested weirs (LCWs), 20 within the Beat 2 service area, and 
nine flap gates. 

2. Continue to operate and maintain automatic control 
structures. 

3. Currently, OUWUA is installing remote automated flow control on the North 
Diversion gates on the North Canal, 8 automated flow control gates in the Northside 
service area, 11 long-crested weirs for upstream water level control along Lateral 100 
and 130, and 2 flap gates on Lateral 100. 

3. Continue real time SCADA monitoring.              
4. Continue to evaluate and implement locally cost 
effective actions. 
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  Table ES-1.  Summary of EWMP Implementation Status  

Water Code 
Reference No. 

EWMP Position Implementation Activities Planned Activities 

10608.48.c (10) Facilitate or Promote Water User Pump Testing and Evaluation Implementing 
1. OUWUA facilitates and promotes customer pump testing and evaluation by 
providing links and information to water users on programs that provide these 
services, such as offered by PG&E (http://www.pumpefficiency.org/). 

1. Continue current activities. 

10608.48.c (11) Designate the Water Conservation Coordinator/ Implementing 

1.  Designated water conservation coordinator: 

1.  OUWUA will maintain an appropriate and 
responsible staff person in the position of water 
conservation coordinator position. 

       Rick Massa 

       General Manager 

       828 Eighth Street 

       Orland, California 95963 

       (530) 865 - 4126 

       rmassa@ouwua.org 

2.  Manage conservation activities, prepare five-year plan, and implement the Plan. 

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 

Implementing 

1. OUWUA provides information describing CIMIS and other water management 
resources to growers through the office announcements board. 

1. Continue offering current services to water users. 
2. Additionally, OUWUA informs growers of educational courses and workshops 
offered by the Cal Poly Irrigation Training and Research Center, the Irrigation 
Training Facility at Chico State, the UC Cooperative Extension, and others on topics 
such as irrigation scheduling, soil moisture monitoring, and other on-farm water 
conservation measures. 

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. 

Implementing 

1. OUWUA is implementing this EWMP through ongoing cooperation and discussion 
with the USACE, the USBR, the City of Santa Clara and other agencies that affect 
OUWUA’s flexibility in delivering and storing water.  OUWUA actively evaluates the 
effect of Reclamation policies and operational practices on Association operations and 
seeks policy changes to alleviate water supply and flexibility constraints. 

1. Continue current activities. 

10608.48.c (14) 
Evaluate and Improve Efficiencies of Contractor's Pumps/Evaluate and 
improve the efficiencies of the supplier’s pumps 

Not Technically 
Feasible 

1. OUWUA does not currently own or operate any pumps; therefore, this BMP is not 
applicable.   

1. Re-evaluate BMP if/when the Association utilizes 
pump(s).  
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1. INTRODUCTION 

This Agricultural Water Management Plan (AWMP or Plan) has been prepared by the Orland Unit Water 
Users’ Association (OUWUA or Association) to describe the Association’s water management activities.  
This section provides a description of the Association’s rich history of regional water management for 
over 100 years, a description of legislative requirements related to the contents of the Plan, and a 
summary of previous water management activities.   The Association’s mission statement  is  

“to acquire, furnish, provide for, and distribute to the lands of the shareholders of the Association 
an adequate supply of water for the irrigation thereof; and to divert, store, develop, pump, carry 
and distribute water for irrigation and all other beneficial uses.” 

Additionally,:  

“OUWUA is a private, non-profit California Corporation that operates and maintains the U.S. 
Orland Project under contract with the U.S. Bureau of Reclamation.  As such, OUWUA strives to 
deliver in the most efficient manner possible, Orland Project water for irrigation purposes to 
those Project lands having issued water rights.” 

OUWUA is an agricultural water supplier that is required to submit an AWMP as its service area falls 
within the specified range according to Governor Brown’s Executive Order B-29-15 (April 1, 2015).  The 
Executive Order directed all agricultural water suppliers that provide water to 10,000 to 25,000 irrigated 
acres to develop an AWMP and submit it by July 1, 2016.  OUWUA has prepared this AWMP according 
to California’s Water Conservation Act of 2009 (SBx7-7) and included a drought management plan as 
required by Executive Order B-29-15.   

In developing the Plan, OUWUA has devoted considerable effort to evaluating its water management 
practices and to develop a program aimed at sustaining sound water management practices where they are 
already in place and identifying opportunities to implement improved practices that are found to be 
locally cost-effective.  These practices are referred to as Efficient Water Management Practices by 
California and Best Management Practices by Reclamation and collectively referred to as Practices in this 
Plan. 

Section 2 describes the process of preparing the Plan, including public outreach efforts.  Section 3 
provides a detailed background describing OUWUA, its facilities, and the irrigation service area.  Section 
4 provides an inventory of OUWUA’s water supplies, which is followed by Section 5 with presentation of 
detailed water balances for the area served north of and south of Stony Creek for the 2002 to 2016 period.  
Water balances are presented for two primary accounting centers: 

 Canal System 
 Irrigated Lands 

Potential climate change effects on weather and hydrology, impacts on water supplies, and adaptation 
strategies are discussed in Section 6.  Section 7 describes OUWUA’s implementation of Efficient Water 
Management Practices (EWMPs) and includes an evaluation of EWMP implementation relative to 
OUWUA’s water management objectives and Water Use Efficiency (WUE) improvements in general. 
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1.1 HISTORY 

The Orland Unit Water Users’ Association (OUWUA) is a private, non-profit corporation that operates 
and maintains the U.S. Orland Project under contract (dated August 26, 1954) with the U.S. Bureau of 
Reclamation.  OUWUA was incorporated in 1907, and the U.S. Orland Project was also authorized by 
Congress in that same year. 

For approximately 25 years prior to 1907, local landowners tried to develop surface water supplies for 
irrigation in the Orland area.  Two irrigation companies were formed under California State Irrigation 
District Laws, but although bond sales were authorized, there was no interest by capital investors, and 
subsequently, no bonds were sold.  The hoped-for successes of these proposed irrigation companies 
ultimately did not come to fruition. 

Later, the Stony Creek Irrigation Company was formed on the south side of Stony Creek and the Lemon 
Home Water, Power, and Light Company on the north.  Both utilized spring and early summer creek 
flows, but, because no storage existed, typically could not supply water in the summer due to reduced 
Stony Creek flows. 

In 1903, the U.S. Geological Survey began surveying in the upper Stony Creek and tributaries area for 
possible reservoir sites.  Several were identified by 1905, but there was still skepticism from capital 
investors so nothing progressed.  Some locals, with the assistance of the Sacramento Valley Development 
Association, started looking into the possibility of constructing a Federal Project under the 1902 
Reclamation Act.  At the same time, the newly formed U.S. Reclamation Service was looking to establish 
its presence in California, specifically in the Sacramento Valley.  Ultimately, landowners representing 
40,000 acres of land signed an agreement to accept and be bound to the terms of the 1902 Act.  In doing 
so, they were agreeing to sell their landholdings in parcels not to exceed 40-acres in size.  By February 
26, 1906, the Orland Water Users’ Association was formed and petitioned Interior Secretary, Ethan A. 
Hitchcock to begin surveying Stony Creek for the purpose of constructing an irrigation project to serve 
the lands in the Orland area.  The U.S. Reclamation Service was eager to get a foothold in the Sacramento 
Valley due to its fertile soils and favorable climate.  Irrigation water added to the mix would enhance 
settlers to the area and provide for a wide variety of crops.  In July of 1906, the Reclamation Service 
fielded a survey party and diamond drill outfit along Stony Creek.  The Service also appointed an 
engineering board to produce a detailed feasibility report.  In November 1906, the engineering board 
recommended construction of an irrigation project to serve the Orland area and that a dam (that came to 
be called East Park Dam) to be built on Little Stony Creek in northern Colusa County.  Interior Secretary 
Hitchcock reportedly apportioned $650,000 for the future Orland Project conditional upon two things: 

(1) That at least 12,000 acres had to be pledged by landowners in a form acceptable to Interior for the 
purpose of being bound to construction costs of the future project, and 

(2) Landowners agree to subdivide and dispose their lands into tracts of 40 acres, or less. 

The Orland Water Users’ Association reorganized to meet these requirements and formed the present 
Orland Unit Water Users’ Association on March 27, 1907.  Subsequently, on October 5, 1907, 
Hitchcock’s successor, James R. Garfield (not the President) authorized the U.S. Orland Project under the 
Reclamation Act of 1902.  Under this original authorization, 14,000 acres were to be included in the 
project, and the rest, as they say, is history. 
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In 1907, a temporary office of the U.S. Reclamation Service was set up in the town of Orland.  By 1908, a 
permanent office was constructed where the OUWUA office currently resides.  Also constructed was the 
residence located to the south of the Project Office.  It was originally used to house the engineers working 
on the Project, and then later, it was used as the manager’s residence. 

Work commenced to purchase the land for East Park Dam and Reservoir as well as to acquire the 
property and rights to the Stony Creek Irrigation Company and the Lemon Home Water, Power and Light 
Company.  Stony Creek Irrigation Company was purchased for $25,000 and Lemon Home for $15,250.  
These facilities and water rights are now a part of the Orland Project. 

 Construction of East Park Dam 

In August 1908, the Reclamation Service opened 16 bids for construction of East Park Dam, spillway and 
dikes.  On October 5, 1908, Stanley Contracting Company of San Francisco was awarded the construction 
project—the winning bid was $79,881.65. 

Stanley Contracting mobilized equipment and machinery during the spring of 1909 and commenced 
construction on June 11.  By June 15, 2010 construction of the dam and spillway was completed at a final 
cost of $155,000.  The reservoir filled in March of 2011; however, heavy outflows caused serious erosion 
below the spillway, and a chute was built below the spillway to prevent further erosion from breaching 
the spillway.  This work was completed by December 15, 1911.  East Park Dam is eligible for registry in 
the National Register of Historic Places. 

Soon after the completion of East Park Reservoir, a two-year drought followed—1911-1912 and 1912-
1913.  It was then determined that Little Stony Creek could not be relied upon in many years to fill the 
new Reservoir.  Reconnaissance commenced to find a way to augment the Project water supply.  
Investigations and surveys yielded what later became the Rainbow Diversion and Feed Canal, for which 
construction was completed in 1914.  Rainbow Diversion was built on Big Stony Creek, west of 
Stonyford.  Rainbow Diversion has the capacity to divert over 200- cubic feet per second (CFS) of water 
to East Park Reservoir via the seven-mile long Feed Canal.  As part of the same project, the spillway crest 
elevation was raised three feet to increase East Park’s capacity from 46,000 acre-feet (AF) to its present 
capacity of 51,000 AF.  The Orland Project was then enlarged to include an additional 6,000 acres with 
the thought that a more reliable water supply would supply additional land that would help repay the 
project. 

 Construction of Stony Gorge Dam 

There were three particularly dry years that followed and convinced the water users that more storage was 
needed.  The Reclamation Service had identified, as early as 1909, that a dam at the site of a narrow gorge 
set between two mountains, now Stony Gorge, would provide another storage location.  Though six 
preliminary dam designs were on the table, the slab and buttress Ambursen design was recommended by 
Reclamation engineers to be most appropriate since, in April 1926, a geological study of the proposed 
dam site revealed that a fault line runs parallel to the Creek.  In October 1926, the U.S. Government 
signed a contract with the Ambursen Dam Co. of New York to construct Stony Gorge Dam for $518,904.  
When the bids were submitted, Ambursen’s wasn’t the lowest, but because a royalty had to be paid to 
Ambursen if another builder was used, Ambursen’s bid then became the lowest. 

Construction of Stony Gorge Dam began in late 1926 and the dam was completed two years later.  During 
that time, a workforce of 150 to 175 men were employed, their wages ranged from 50 cents an hour to 80 
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cents an hour.  Those that lived at the camp that was set up to provide room and board were charged 
$1.50 per day.  The excavation along the steeper hillsides was done by hand while power shovels and 
horse-drawn scrapers accommodated the lower excavations.  The cost to complete Stony Gorge was 
$1,069,310.  Unfortunately, two lives were lost during the construction. 

Stony Gorge Reservoir with a storage capacity of 50,300 AF has since undergone four significant 
modifications—one was the replacement of the outlet works needle valves with fixed cone valves; the 
second was to accommodate overtop where a parapet wall was constructed on the left hand side of the 
dam, and a downstream apron was built on the right hand side; the third was the construction of Santa 
Clara’s powerhouse at the base of the dam, and; the fourth to provide lateral support between the 
buttresses of the dam to minimize the risk of failure resulting from a seismic event. 

 Distribution System 

Construction of the Distribution System started in August 1908.  The work at that time concentrated on a 
diversion and headworks that would supply the South Canal.  It was anticipated that the existing Stony 
Creek Irrigation Company Canal would be used, however, the portion between Stony Creek and 
Hambright Creek followed a steep gradient and it was more economical to build a new “Highline” Canal 
than to modify the existing Stony Creek Irrigation Company canal with a series of drops and checks.  The 
Highline Canal was ultimately completed by March 1911.  In the meantime, the remainder of the existing 
South Canal, from Hambright Creek to Orland was rebuilt by 1909 and the first Project deliveries were 
provided to 500 acres in the spring of 1910.  Finally, the entire South Side distribution system, that 
supplied water to the high end of each 40-acre-parcel (generally), was constructed in two phases and 
completed by 1911. 

Next was the North Side system.  After surveys and studies, it was determined that the best location for a 
North Side Diversion would be at the same location as that of the previous Lemon Home Colony Water, 
Light and Power Company’s diversion.  Completion of the concrete gravity North Diversion Dam was 
completed in 1913 at a cost of $5,146.  The Lemon Home Colony Canal was utilized as the North Side 
Canal, and subsequently, additional canals and laterals were constructed. 

By 1916 the canals and the majority of the laterals were completed.  The original authorization by the 
Interior Department was for $650,000.  The total construction costs were $876,727, or roughly $44 per 
acre.  Construction repayment, including the 6,000-acre extension was based on this amount. 

 Improvements to Distribution System 

Since only about 26 miles of canals were originally lined, the Project experienced significant seepage 
losses.  By vote of the landowners, an additional $11 per acre assessment was levied in 1918 to line 
additional portions of the distribution system.  This continued through 1924 at which time funds were 
exhausted. 

Maintenance of the Orland Project facilities was minimal during the depression years of the thirties.  
Relief came in 1938 when the Civilian Conservation Corps (CCC) established a camp in Orland.  The 
CCC completed extensive maintenance to and construction of the Orland Project facilities from 1938 to 
December 31, 1941.  The CCC’s work accomplished the construction of 34 bridges, 96 feet of culvert 
pipe, 1,191 feet of pressure pipe, 9 miles of roads, the concrete “vault” at Project headquarters and 
reconstruction and lining of 16 ½ miles of laterals. 



2017 OUWUA 
AGRICULTURAL WATER    
MANAGEMENT PLAN  INTRODUCTION 

Final 1-5  April 2017 

Unfortunately, the CCC work was not enough to provide adequate system reliability during the 
depression and war-era that followed, and in 1946, a rehabilitation study was underway.  The study 
resulted in a 3-year plan to rehabilitate portions of the distribution system.  Though the work that was 
identified to rehab Project facilities was estimated to cost $1,267,580 in 1947 dollars, the most important 
work was identified and the rehab and betterment project started in 1949 with a budgeted amount of 
$250,000.  The most significant projects under this program were the relining of the North Canal and 
South Canal and repair to the roller gates at Stony Gorge Dam. 

Not long after the rehab and betterment project was completed, in 1954, the Orland Unit Water Users’ 
Association contracted with the Bureau of Reclamation to take over the operation and maintenance of the 
Orland Project.  OUWUA has continued to undertake operation and maintenance responsibilities since 
then. 

 Cropping and Diversion History 

The Orland Project has supported a wide variety of crops since its beginning.  The U.S. Reclamation 
Service went further than supplying water to an arid area, it experimented with crops that would be found 
to adapt to the newly-irrigated land.  Evidence of early crop trials is found at the Project headquarters 
where olive, almond and citrus plantings remain.  Other early crops that were found to thrive in the area 
included alfalfa, ladino clover (predominantly pasture but grown for seed during, and after, the mid-
1940’s).  All crops at that time were flood irrigated by the rotational delivery system that the Project still 
utilizes. 

Today’s crop mix does not include ladino clover.  However; pasture, citrus, alfalfa, almonds and olives 
are still mainstay crops along with prunes, walnuts, corn (for silage) and forages. 

Water distribution records (historical diversions) for the Orland Project for years 1913-1961 and general 
agriculture statistics (historical cropping) for the Orland Project for years 1911 to 1961 and 1965-1999 are 
included.  Water distribution records depict, for the most part, water diverted into the Project and how it 
was distributed.  General Agriculture Statistics depicts crop acreages and values during the same time 
period.  It also shows when annual irrigation deliveries commenced, carryover storage and annual 
precipitation. 

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).  Additionally, the Bill requires suppliers 
to implement certain EWMPs. For agricultural water suppliers with at least 10,000 and less than 25,000 
irrigated acres, implementation of “critical” and “conditional” EWMPs are only required if sufficient 
funding has been provided specifically for that purpose (CCR §597.1 (e) and §10608.48 (c)(1)). 
Specifically, under §10608.48 of the CWC, agricultural water suppliers are required to implement the 
following “critical” (i.e., mandatory) EWMPs: 

(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.  
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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. 
(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. 
(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 

OUWUA is involved in a variety of other water management activities at local, regional, and state levels. 
These activities and other actions of note initiated in the last 15 years include the following:  
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 2003 OUWUA Distribution System Modernization and Water Conservation Project, A CALFED 
Agricultural Conservation Program Grant Study, DWR grant funded, completed by CH2MHill. 

 2003 OUWUA and TCCA Regional Water Use Efficiency Project, A CALFED Agricultural 
Conservation Program Grant Study, DWR grant funded, completed by CH2MHill. 

 Stony Creek Alternative for Conveyance to Sites Reservoir North-of-Delta Offstream Storage 
Evaluations prepared for California Department of Water Resources and completed by 
CH2MHill, May 2003. 

 2005 ITRC Orland Unit Water Users’ Association Modernization Plan & Specifications. 

 Feasibility Study for Undergrounding OUWUA Canals in the City of Orland prepared for the 
City of Orland by CH2MHill, March 2005. 

 Application Procedures and Construction Guidelines for the Undergrounding of the OUWUA 
Irrigation Canals Within the City of Orland prepared by Ray Toney Associates, May 2006, 
Adopted by Board of Directors—(Pressure standard revised in 2016) 

 Stony Creek Fan Conjunctive Water Management Program Feasibility Investigation Technical 
Memorandum No. 3 Land Use, Water Demands and Supplies: Prepared for Glenn-Colusa 
Irrigation District , Orland-Artois Water District and Orland Unit Water Users’ Association, 
2006. 

 Stony Creek Fan Conjunctive Water Management Program Feasibility Investigation; Prepared 
for: Glenn-Colusa Irrigation District, Orland-Artois Water District, Orland Unit Water Users’ 
Association, 2006. 

 Orland Project Regulating Reservoir and Associated Canal Structure Improvements, Water Use 
Efficiency Grant Proposal, Orland Unit Water Users’ Association, 2007  

 Orland Project Northside Distribution System Improvements, Water Use Efficiency Grant 
Proposal, 2012.   

 Orland Project Regulating Reservoir and Associated Canal Structure Improvements, Water Use 
Efficiency Grant Final Report, Orland Unit Water Users’ Association, 2013  

 Orland Project Regulating Reservoir and Associated Canal Structure Improvements, Water Use 
Efficiency Grant Post Project Annual Report of Benefits and Costs (2012), Orland Unit Water 
Users’ Association, 2013 

 Orland Unit Rapid Appraisal Process Report by ITRC, August 2016. 

 Orland Project Regulating Reservoir and Associated Canal Structure Improvements, Water Use 
Efficiency Grant Post Project Annual Report of Benefits and Costs (2013-2016), Orland Unit 
Water Users’ Association, 2017 
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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 

Copies of the information circulated in the public outreach effort are included in Attachment A.  Public 
participation in the development of this Plan included: 

 Notification of the County of Glenn, the City of Orland, the City of Willows and the County of 
Tehama of OUWUA’s intent to prepare an AWMP on March 22, 2017; 

 Publication in the Glenn County Transcript on March 29, 2017 and April 5, 2017 of the time and 
place of a hearing to review the draft Plan;  

 Review of the publicly noticed presentation of the draft Plan at a public meeting on  
April 13, 2017;  

 Adoption of the final AWMP at a regularly scheduled Board of Directors meeting on  
April 13, 2017; and 

 Provision of copies of the adopted AWMP to the following parties within 30 days of adoption: 
o City of Orland 
o County of Glenn 
o City of Willows 
o County of Tehama 
o California Department of Water Resources 
o California State Library 
o United States Bureau of Reclamation 

The Association sends a shareholder periodically to inform water users about important issues.  The 
Association maintains an open exchange of information with local newspapers and issues press releases 
on matters of importance to the public.  The Association also relies on its frontline staff (namely 
Ditchtenders) to keep customers informed of the latest water management information. 

2.3 REGIONAL COORDINATION 

The Association does not plan to develop a regional AWMP at this time due to differences in the 
institutional, physical, and operational characteristics of neighboring agricultural districts and agencies.  
The Association coordinates with neighboring agencies, as appropriate.  One example of this coordination 
is the Stony Creek Fan project completed in 2009, in which the Association partnered with the nearby 
Glenn Colusa Irrigation District and Orland-Artois Water District to study the potential for conjunctive 
management of surface water and ground water supplies in the Stony Creek Fan area.  OUWUA has 
worked cooperatively and adaptively with neighboring irrigation and water districts for over 100 years on 
water management initiatives and programs of local, regional and statewide importance, and intends to 
continue these relationships when mutual benefits can be achieved. 

OUWUA is represented, and participates, in the Glenn County Water Advisory Committee that focuses 
on groundwater issues in the County.  OUWUA is also involved in the formation of the Glenn County 
Sustainable Groundwater Management Agency though it is ineligible to be an initial signatory since it is 
not a public agency. 
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3. BACKGROUND AND DESCRIPTION OF SERVICE AREA 

3.1 FORMATION 

For approximately 25 years prior to 1907, local landowners tried to develop surface water supplies for 
irrigation in the Orland area.  Two irrigation companies were formed under California State Irrigation 
District Laws, but although bond sales were authorized, there was no interest by capital investors, and 
subsequently, no bonds were sold.  The hoped-for successes of these proposed irrigation companies 
ultimately did not come to fruition. 

Later, the Stony Creek Irrigation Company was formed on the south side of Stony Creek and the Lemon 
Home Water, Power, and Light Company on the north.  Both utilized spring and early summer creek 
flows, but, because no storage existed, typically could not supply water in the summer due to reduced 
Stony Creek flows.  In February 1906, the Orland Water Users’ Association was formed and petitioned 
the Interior Secretary to begin surveying Stony Creek for the purpose of constructing a reservoir and an 
irrigation project to serve the lands in the Orland area.  Six months later, in response to the petition, the 
Reclamation Service fielded a survey party along Stony Creek and appointed an engineering board to 
produce a detailed feasibility report.  In November 1906, the engineering board recommended 
construction of an irrigation project to serve the Orland area and the Interior Secretary apportioned funds 
for the future Orland Project conditional upon two things: 

(1) That at least 12,000 acres had to be pledged by landowners in a form acceptable to Interior for the 
purpose of being bound to construction costs of the future project, and 

(2) Landowners agree to subdivide and dispose their lands into tracts of 40 acres, or less. 

The Orland Water Users’ Association reorganized to meet these requirements and incorporated to form 
the present Orland Unit Water Users’ Association on March 27, 1907.  Subsequently, on October 5, 1907, 
the Interior Secretary and Congress authorized the U.S. Orland Project under the Reclamation Act of 
1902.  Under this original authorization, 14,000 acres were to be included in the project.  An additional 
6,000 acres were included in the project later. 

3.2 ASSOCIATION ORGANIZATION 

The Orland Unit Water Users’ Association (OUWUA) is a private, non-profit corporation that operates 
and maintains the U.S. Orland Project under contract (dated August 26, 1954) with the U.S. Bureau of 
Reclamation.  The Association was incorporated in 1907 under Corporations Code of the State of 
California as a private, non-profit [IRS Section 501(c)(12)] corporation. The Association is governed by a 
Board of Directors, consisting of five (5) shareholder-elected Directors representing the Association on 
three-year terms.  Board members may run for a second, consecutive 3-year term but are ineligible to run 
for a third term until after sitting out for at least one year.  

OUWUA provides up to about 111,000 acre-feet of irrigation water annually from the Project’s 
entitlement to over 15,000 acres of irrigable land.  The Association serves approximately 1,125 
agricultural water customers though all do not take water delivery..  Water is delivered through a system 
of canals, pipelines, and reservoirs. The Association’s water supply comes primarily from direct 
diversions of and storage of Stony Creek.  
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The Board of Directors sets all policy for OUWUA, approves the annual budget, and appoints the 
Manager, who serves at the pleasure of the Board. The Manager is responsible for the day-to-day 
operations of OUWUA, and supervises 16 employees. OUWUA typically employs a total of seventeen 
fulltime staff; six ditch tenders, three dam-tenders, four maintenance workers, one foreman, one office 
manager, one office assistant and one manager.  These employees provide technical and support services 
for the Association and its customers. The Association typically operates on an annual budget of about 
$1,400,000. 

3.3 SIZE AND LOCATION OF SERVICE AREA (§10826.A(1 AND 2)) 

The Orland Project service area encompasses 19,796 acres, of which 14,031 net acres were irrigated in 
2016.  OUWUA does not provide water for urban use. 

There are 1,125 shareholders within the OUWUA.  The average parcel size in the OUWUA is relatively 
small, and some shareholders maintain hobby farms (33 percent of the shareholders having 5 acres or 
less).  The average landholding is 18 acres.  Approximately 25 percent of the farms are greater than 20 
acres. 

A map of the location of OUWUA’s service area and facilities is provided in Figure 3-1. The service area 
is broken into six areas called Beats 1 through 6.  The Association operates Stony Gorge Dam and 
Reservoir and East Park Dam and Reservoir for water storage purposes.  The location of the reservoirs is 
shown in the inset of Figure 3-1. OUWUA and Reclamation formed a cooperative agreement in 1964 that 
allowed OUWUA to take delivery of CVP water from Black Butte Reservoir in exchange for water from 
Stony Gorge or East Park Reservoirs.  One of the purposes of this agreement is to maximize storage in the 
upstream reservoirs since operational criteria for Black Butte dictates that it be evacuated to function as 
winter flood control.  Below Black Butte Dam, the Project service area is divided by Stony Creek with 
approximately one-third of the Project land lying on the north side and the remaining two-thirds on the 
south.  Diversions for the south side originate at the Black Butte Dam Afterbay where the water is 
diverted into the Highline Canal for 3 miles before it drops into the South Canal through a 0.5MW 
hydroelectric power plant operated by the City of Santa Clara at Graves Cemetery.  

Releases from Black Butte Dam for the north side distribution system flow down Stony Creek for a 
distance of approximately 5 miles to the OUWUA North Side Diversion Dam.  The North Side Diversion 
Dam is a concrete structure that spans the width of Stony Creek and is partially regulated via a radial arm 
gate along with boards placed in slots (at the north end of the structure).  Boards are also installed 
seasonally on the crest of the diversion dam structure to increase diversion efficiency.  The dam lifts the 
water surface in Stony Creek to allow OUWUA to divert water through the North Diversion head gates.  
Flow control for the Northside is accomplished by opening or closing the two regulating gates at the head 
of the North Canal also located at the north end of the diversion structure. 
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Figure 3-1.  Location of OUWUA
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Water is distributed throughout the Project area (North and South sides) by a system of open channels and 
some short sections of pipelines.  Open channels serve approximately 16,000 of the 19,796 acres within 
the Orland Project service area, including 17 miles of canals and 139 miles of laterals.  All of the canals 
are concrete lined except for about 14 miles of smaller distribution laterals that are unlined.  The drop in 
elevation across the service area is approximately 200 feet with an average slope of 0.3 percent.  Because 
of this relatively steep topography, there are cross check structures every 1,000 to 2,000 feet in the canal 
to control the water surface gradient and provide sufficient ponded depth for upstream deliveries 
(CH2MHILL, 2000). 

The Project has numerous flow measurement structures throughout the system.  Parshall flumes or 
Rubicon FlumeGates (also water control gates) are located at the head of most large laterals.  Cipolletti 
weirs are the most common measurement structure, and rectangular, sharp-crested weirs are used to 
measure flows in several of the smaller laterals.  There is a turnout intertie to the Tehama-Colusa Canal 
(TCC) on Lateral 40 in Beat 4, one on Lateral 140 in Beat 6 and on Lateral 30 Beat 3, which can spill to 
the TCC.  The Lateral 140 and Lateral 30 discharges to the TCC are not used.  OUWUA receives credit 
for any spills on Lateral 40 that are discharged to the TCC. 

The maximum capacities of the Highline and North Canal are 260 and 125 CFS, respectively. However, 
weed growth, reduced freeboard and other limiting factors often reduce the Highline capacity to a 
maximum of 235 CFS. 

3.4 DISTRIBUTION SYSTEM 

The OUWUA has relatively senior water rights (as discussed later in section 3.8.2) and the availability of 
water under those rights is not expected to change.  OUWUA may experience reduced supplies due to dry 
conditions once every 30 years or more. Most recently, during state-wide drought conditions, OUWUA 
experienced reduced supplies in the Stony Creek watershed in 2014.  Approximately 90 percent of the 
time precipitation is sufficient to fill the OUWUA reservoirs, East Park and Stony Gorge.  With very little 
snow, winter runoff from the Stony Creek watershed occurs almost immediately after precipitation and 
OUWUA and United States Bureau of Reclamation (USBR) coordinate operation of the dams to fill the 
two reservoirs. The Stony Creek watershed had an average annual runoff of 410,000 AF for the period 
1921 to 2001.  The low of 17,000 AF occurred in 1977.  The high of 1,435,000 AF occurred in 1983 
(Davids, G., et. al, 2006). 

OUWUA’s original developers made a stable water supply and a robust open canal system a top priority 
during planning and construction.  Over the past 100 years, the system has undergone minor changes, 
some emergency repairs, and general maintenance.  In 2003, with funding provided through the CALFED 
program, OUWUA developed a comprehensive modernization plan that included three alternatives for 
system-wide modernization.  The three alternatives proved to be costly (an average of $97,900,000), but 
provided OUWUA with modernization framework that could be incrementally completed as funding was 
obtained.  Following, OUWUA installed two long-crested weirs, one at the Lateral 40-TCC discharge and 
one at Lateral 40 at the head of sub-lateral 44.  Supervisory Control and Data Acquisition (SCADA) 
monitoring sites were also installed at the Lateral 40-TCC discharge (and below), at the head of Lateral 
10 and at the Town Spill.  In 2007 OUWUA applied for and received Proposition 50 grant funding 
through the Department of Water Resources (DWR) Water Use Efficiency (WUE) Program for the design 
and construction of a 49.5 acre-foot regulating reservoir and associated canal structure improvements to 
improve service levels and decrease system spillage in Beat 2.  The project was completed for the 2012 
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irrigation season and resulted in measured conservation of 2,100 AF. Conserved water totaled an average 
of 10,900 over the first five years (2012-2016) for the project (Attachment B).  Building on the success of 
the Beat 2 project, OUWUA responded to the 2012 solicitation request for DWR’s Proposition 50 WUE 
grant program and was selected for funding to complete phase 1 of their Northside Distribution System 
Improvement project. This project is Phase I of modernization of the Northside canal system and focuses 
on improving water level and flow control along the main canal. The project will replace eleven (11) water 
level control structures with long crested weirs, replace eight (8) lateral headings with improved structures 
and automated flow control gates, and install one (1) concrete measuring ramp flume at the North 
Diversion. The North Diversion headgates will be automated for remote control and automated flow 
control. Construction began in November of 2016 and is expected to be completed by mid-2017.  

These modernization projects have resulted in significant changes and improvements to facilities, and 
improvements to operations, which benefit the OUWUA and its customers.  Recent major project changes 
and future changes to the system are highlighted below: 

 Improvements in the past 5+ years include, but are not limited to, the following: 

o Construction of a 49.5 acre-foot regulating reservoir in Beat 2 with automated outflow 
control 

o Installation of 10 automated flow control overshot gates at selected lateral headings and 
intermediate canal locations in the Southside service area 

o Fabrication and installation of 9 flap gates  
o Installation of 24 long crested weirs along Lateral 210 and elsewhere in the Southside 

system 
o Installation of acoustic Doppler flow measurement in the South Canal 
o Installation of broad crested weir flow measurement at Becks Spill 
o Enhancement and expansion of the Association SCADA system; include addition of 10 

sites and improvement of 5 existing. 
o Installation of a mechanically-moving trash screen on Lateral 51  
o Installation of one automated flow control gate in Lateral 210, downstream of the Becks 

Spill side channel 
o Installation of two automated flow control gates at the Lateral 10 heading 

 The following improvements are currently in-progress: 

o Addition of remote automated flow control of the North Diversion gates on the North 
Canal 

o Addition of a ramp flume for flow measurement at the inflow of the North Canal 
o Installation of 8 automated flow control gates in the Northside service area 
o Installation of 11 long crested weirs for upstream water level control along Lateral 100 

and 130. 
o Fabrication and installation of 2 flap gates in Lateral 100 
o Permanent spill measurement at Lichtsteiner Spill 
o Addition of nine SCADA (eight headings and one spill) sites to existing HMI 

 OUWUA plans to complete, assuming funding is obtained, the following system changes in the 
next 5 years (as of December 2016):  
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o Obtain grant funding for Phase II of the Northside Distribution System Improvements 
(Attachment C) 

o Update water ordering and billing software 
o Long-crested weir on Lateral 10 at the heads of Lateral 30 
o Long-crested weir on Lateral 40 at the head of Lateral 50 
o Remotely automated gate on Lateral 40, below the TCC 
o SCADA monitoring at the terminus of Lateral 40, at Lehto Spill 

All of the above-mentioned improvements have, or will, improve service to growers, improve system 
efficiency, replace aging infrastructure and enhance general operability of the system.  All of the 
improvements are designed to increase flexibility and control over water diversion, division and delivery, 
and enable more flexible water ordering.  Currently, flows from Black Butte Reservoir are controlled by 
the US Army Corps of Engineers (USACE) and are released to meet the total daily irrigation demands 
required by OUWUA.  After calculating the total delivery demands for the day and adding 20 percent for 
losses, OUWUA calls the USACE at 7:00 a.m. to give its daily order.  OUWUA has the opportunity to 
change its daily order if needed by making another change at 1:00 p.m., and during water short years, may 
make a third change at 6:00 p.m.  Daily deliveries are released from Black Butte Dam into a USACE 
afterbay where roughly two-thirds is diverted directly into the South Canal and one-third is released down 
Stony Creek for approximately five miles where it is diverted into the North Canal via a diversion dam 
(North Diversion). 

The OUWUA delivers water to six areas within the Project boundary called Beats.  Four Beats (1 through 
4) are located south of Stony Creek and collectively are referred to as the “Southside”; the remaining two 
beats (5 and 6) north of the creek are referred to as the “Northside”.  Surface water deliveries are made to 
the parcels within the six beats on a rotational basis.  Regardless of the crop being grown, the soil texture, 
or the evapotranspiration rate, water is delivered every 12 days during the peak demand period from June 
through September and every 14 days at the beginning and end of the season when crop demand is lower.  
During the months of peak demand, it is not possible to shorten the rotation period because of capacity 
constraints mostly in the main laterals.  Some growers augment surface water supplies with groundwater 
where the physical constraint of these rotational periods result in surface water delivery patterns that do 
not meet crop demands for producing maximum yield.  Some growers use groundwater exclusively where 
surface water is not available, or for other reasons.  Of the 20,577 gross acres of the OUWUA service area 
in 2016, 12,578 acres were supplied with surface water, 1,453 acres are estimated to be yards, ditches, 
corrals, roads, etc., leaving 6,546 acres that are considered fallow or idle by Reclamation reporting 
criteria. 

Six fulltime ditch riders (one for each beat) control flows by manually adjusting turnout gates and checks.  
Irrigators are informed in advance of the time they will be provided water and it is their responsibility to 
open and close their farm turnout(s) at the right time.  Water deliveries are not measured at farm turnouts 
(except for several piped turnouts with meters) but are typically estimated from experience and 
measurement at upstream flumes and weirs.  Section 2.9 provides additional detail on flow measurement. 

3.5 TERRAIN AND SOILS (§10826.A(3)) 

The topography and soils within the Association are typical of the west side of the Sacramento Valley 
(Figure 3-2).  The soil name, type and slope for each map unit symbol is provided in Table 3-1. Land 
surface is gently sloped westerly with elevations that vary from 355 feet in the west to about 180 feet east 
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of Orland with a relatively constant land slope.  The OUWUA service area extends approximately 12 
miles from west to east.  Surface water drainage generally flows southeasterly towards the Sacramento 
River.  The gently sloping topography within the OUWUA service does not adversely impact water 
operations and management.  Opportunities exist for regulating reservoirs with inflow and outflow by 
gravity at certain locations within the distribution system.  Historical flooding of the region’s major rivers 
left layers of sediments and silts in the Sacramento Valley floor, creating a unique soil profile that is well 
suited to implementation of irrigated agriculture.  The soil is considered some of the richest and most 
productive in the nation (USBR, 2011).  

The textures of the soils in the OUWUA service area are predominately loam, gravelly loam and gravelly 
sandy loam.  Dominant soil types within the boundary are further documented in Table 3-2. Within the 
OUWUA service area, there are no known limitations due to salinity, high water table, high or low 
infiltration rates or other factors.  OUWUA does not contain expansive soils, and the erosion hazard 
rating is slight, indicating that erosion is unlikely under ordinary climatic conditions (NRCS, 2007). 

3.6 CLIMATE (§10826.A(4)) 

The climate statistics presented in this section are based on weather data obtained from the California 
Irrigation Management Information Station (CIMIS) at Orland.  Station 14 was established in 1982 and 
moved to a new location in 1987 becoming Station 61 until June 2010 (Figure 3-3).  Due to a land use 
change, data collection at Station 61 was discontinued in June 2010.  Station 61 was also used for years 
2002 through 2009 of the water balance analysis presented in Section 3.5.  After Station 61 was 
discontinued, Spatial CIMIS at Orland was used for the water balance for the remainder of 2010 through 
2016.  The OUWUA service area enjoys favorable growing conditions for agriculture.  A thermal belt, 
warms the area resulting in very few frosts.   
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Figure 3-2.  OUWUA Soils 
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Table 3-1. Map Unit Soil Symbol Names. 

MUSYM Map Unit Name 

AaC Altamont clay, 3 to 15 percent slopes 

AcA Altamont clay, terrace, 0 to 3 percent slopes 

AoA 
Arbuckle gravelly loam, 0 to 2 percent 
slopes 

AoB 
Arbuckle gravelly loam, 2 to 8 percent 
slopes 

Ar 
Arbuckle gravelly loam, clayey substratum, 
0 to 2 percent slope 

Ap 
Arbuckle gravelly loam, water table, 0 to 2 
percent slopes 

Au Artois clay loam 

Aw Artois gravelly clay loam 

AvA 
Arbuckle gravelly loam, 0 to 3 percent 
slopes 

At Artois loam 

Ay 
Arbuckle gravelly loam, clayey substratum, 
channeled 

Cc Clear Lake clay 

CwA Corning gravelly loam, 0 to 2 percent slopes 

CwB Corning gravelly loam, 2 to 8 percent slopes 

CxB2 
Corning-Newville gravelly loams, 3 to 10 
percent slopes , eroded 

CwxB 
Corning-Gullied land complex, 2 to 10 
percent slopes 

CyC 
Corning-Newville-Gullied land complex, 3 
to 15 percent slopes 

Czk Cortina gravelly fine sandy loam, shallow 

Czr Cortina very gravelly sandy loam, 

Czt 
Cortina very gravelly sandy loam, 
moderately deep 

Gp Gravel pits 

Gr Gravelly alluvial lands 

Hl Hillgate clay loam, 0 to 3 percent slopes 

HmA Hillgate gravelly loam, 0 to 2 percent slopes 

Hn 
Hillgate gravelly loam, water table, 0 to 2 
percent slopes 

HgA Hillgate loam, 0 to 2 percent slopes 

HgB Hillgate loam, 2 to 8 percent slopes 

JaA 
Jacinto fine sandy loam, 0 to 2 percent 
slopes 

KmA Kimball gravelly loam, 0 to 2 percent slopes 

KmB 
Kimball gravelly loam, 2 to 10 percent 
slopes 

Kb Kimball loam, 0 to 2 percent slopes 

KpA Kimball loam, 0 to 3 percent slopes 

KoA Kimball gravelly loam, 0 to 3 percent slopes 

Me Maywood loam, shallow over gravel 

Mz Moda loam 

MUSYM Map Unit Name 

NOTCOM No Digital Data Available 

NvC 
Newville gravelly loam, 3 to 15 percent 
slopes 

NwD 
Newville-Gullied land complex, 8 to 30 
percent slopes 

Oa Orland loam 

Odp Orland loam, deep over claypan 

Omp Orland loam, moderately deep over claypan 

Omr Orland loam, moderately deep over gravel 

Or Orland loam, moderately deep over gravel 

Oms 
Orland loam, moderately deep over gravelly 
loam 

Osg Orland loam, shallow over gravel 

Owo Orland loam, shallow over gravel, overflow 

Osm Orland loam, shallow over gravelly loam 

Od Orland loam, very deep 

Po 
Pleasanton very gravelly sandy loam, 0 to 2 
percent slopes 

Rh Riverwash 

SfC Shedd silty clay loam, 3 to 15 percent slopes 

TcA Tehama clay loam, 0 to 2 percent slopes 

Tf 
Tehama fine sandy loam, 0 to 3 percent 
slopes 

Tg Tehama gravelly loam, 0 to 3 percent slopes 

Tb 
Tehama loam, deep to gravel, 0 to 3 percent 
slopes 

Ta 
Tehama loam, moderately deep over gravel, 
0 to 2 percent slopes 

Tm Tehama silt loam, 0 to 3 percent slopes 

Tn 
Tehama silt loam, water table, 0 to 2 percent 
slopes 

Wh 
Wyo gravelly loam, moderately deep over 
gravel 

Wg Wyo loam, deep over gravel 

Wn Wyo silt loam 

Wy Wyo loam, 0 to 3 percent slopes 
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Table 3-2. Characteristics of Dominant Soils in the OUWUA Service Area. 

Soil  
Name 

Percent 
of Area 

Landform(s) 
Slope 
Range 

Parent 
Material 

Available 
Water 
Holding 
Capacity 

Drainage 
Restrictive 
Layer 

Depth 
to 
Water 
Table 

Typical Profile 

Arbuckle 
gravelly 

loam 
26% Terraces 

0 to 8 
percent 

Alluvium 
derived from 
conglomerate 

Low 
(about 5.7 

inches) 

Well 
drained 

More than 
80 inches 

More 
than 
80 

inches 

0 to 32 Gravelly loam 

32 to 60 

Stratified very 
gravelly sandy loam to 
very gravelly sandy 
clay loam 

Kimball 
Loam 

16% Terraces 
0 to 2 

percent 
Alluvium 

Very low 
(about 2.3 

inches) 

Well 
drained 

16 inches to 
abrupt 

textural 
change 

More 
than 
80 

inches 

0 to 16 Loam 

16 to 27 Clay 

27 to 60 Sandy clay loam 

Cortina 
Very 

Gravelly 
Sandy 
Loam 

13% Alluvial fans 
0 to 2 

percent 
Gravelly 
alluvium 

Very low 
(about 2.2 

inches) 

Somewhat 
excessively 

drained 

31 inches to 
strongly 

contrasting 
textural 

stratification 

More 
than 
80 

inches 

0 to 8 
inches 

Very gravelly sandy 
loam 

8 to 32 
inches 

Stratified very 
gravelly loamy sand to 
very gravelly loam 

32 to 60 
inches 

Stratified very 
gravelly sand to very 
gravelly loamy sand 

Wyo 
Loam 

10% Alluvial fans 
0 to 2 

percent 

Alluvium 
derived from 

metavolcanics 

Moderate 
(about 6.3 

inches) 

Well 
drained 

39 inches to 
strongly 

contrasting 
textural 

stratification 

More 
than 
80 

inches 

0 to 42 Loam 

42 to 60 
inches 

Sand and gravel 

Tehama 
Silt 

Loam 
9% Terraces 

0 to 3 
percent 

Alluvium 
derived from 
metamorphic 

and 
sedimentary 

rock 

High 
(about 
10.6 

inches) 

Well 
drained 

More than 
80 inches 

More 
than 
80 

inches 

0 to 9 
inches 

Silt loam 

9 to 60 
inches 

Silty clay loam 
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Figure 3-3. CIMIS Station 61 (Orland). 

In general, the climate is typical of the Sacramento Valley with mild winters with moderate precipitation 
and warm, dry summers.  Average daily maximum temperatures range from a low of about 55°F in 
December to a high of 92°F in July (Table 3-3).  Mean daily minimum temperatures range from a low of 
37°F in December to a high of about 61°F in July.  Average annual reference evapotranspiration (ETo) is 
approximately 52 inches, ranging from a low of approximately one inch in December and January to a 
high of approximately eight inches in June and July.  Approximately three quarters of the annual ETo 
occurs in the six-month period from April through September. 

Average annual precipitation from 1983 through 2009 at the aforementioned CIMIS stations is 19.1 
inches, with 14.9 inches, or approximately 80 percent, occurring in the five-month period from November 
through March.  Additionally, the Association has maintained National Climatic Data Center (NCDC) 
station USC00046506 near the office since 1922.  The average annual precipitation from 1922 through 
2016 at this location is 21.7 inches. 

Even during the peak summer period (May – August), the average maximum relative humidity reaches 
approximately 86 percent, which is indicative of an irrigated area, and exceeds 90 percent between 
November and March.  Minimum relative humidity ranges between approximately 30 percent during 
August and September and roughly 50 to 65 percent during the wet winter months.  Average wind speed 
is lowest in August (3.6 miles per hour) and highest in February through April (5.5 to 5.7 miles per hour).  
In general, the thermal belt affects the service area as a whole, resulting in little frost.  Otherwise, there 
are no significant microclimates within the service areas that affect water management or operations.  
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Table 3-3. Mean Daily Weather Parameters by Month at Orland CIMIS Station  
(1983 through 20091). 

Month 

Total 
ETo 
(in) 

Total 
Precip. 
(in) 

Daily Temperature (F) Relative Humidity (%) 

Average 
Wind 
Speed 

(mi/hr) Average Min. Max. Average Min. Max. 
January 1.4 3.6 46 38 55 80 63 94 5.1 

February 2.0 3.3 50 40 61 74 53 92 5.7 

March 3.4 2.5 54 43 66 69 47 92 5.6 

April 4.8 1.0 59 46 72 62 39 89 5.5 

May 6.6 0.7 66 52 80 57 36 86 5.2 

June 7.6 0.3 73 58 87 52 32 83 5.0 

July 7.6 0.9 77 61 92 56 34 88 3.9 

August 6.9 0.2 75 59 91 55 32 88 3.6 

September 5.3 0.3 71 56 87 53 29 84 4.0 

October 3.8 0.8 63 50 78 55 32 83 4.5 

November 1.8 2.2 52 41 64 68 47 89 4.6 

December 1.2 3.3 45 37 55 76 58 92 5.4 

Annual  52.4 19.1 61 48 74 63 42 88 4.9 
 

3.7 NATURAL AND CULTURAL RESOURCES 

There are no natural or (known) cultural resources within the OUWUA management area. Although, 
Project-owned reservoirs – East Park and Stony Gorge – provide 1,820 and 1,280 acres of water surface, 
and 25 and 18 miles of shoreline, respectively, that is available for recreational use.  Recreational 
facilities at both reservoirs are managed and maintained by USBR. 

3.8 CURRENT CONDITIONS (WATER SUPPLIES, WATER RIGHTS, LAND USE, AND 
IRRIGATION PRACTICES) 

Current conditions described in this WMP are based on calendar year 2016 to remain consistent with the 
most recent year evaluated in the water balance analysis.    

3.8.1 Water Supplies Received in Current Year 

The primary source of the Orland Project’s water is direct diversions from, and storage of Stony Creek 
water.  The Project utilizes its pre-1914 water rights to store a maximum of 51,000 AF at East Park 
Reservoir alone and to divert no more than 279-CFS daily during the irrigation season—not to exceed 
85,050 AF annually – from Stony Creek.  The Orland Project also utilizes post-1914 water rights that 
consist of 50,200 AF stored at Stony Gorge Reservoir.  In 2016, 67,065 AF were diverted.  The 
Association does not produce groundwater as a source of irrigation supply, though some lands within the 
service area utilize private groundwater wells some of the time.  The Association does not receive any 
other water supplies.  

                                                      
1	Due to a land use change, data collection at Station 61 was discontinued in June 2010.	
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3.8.2 Annual Entitlements According to Water Rights and Contracts 

OUWUA’s source of water is Stony Creek.  With the exception of water stored in Stony Gorge Reservoir, 
Stony Creek and its tributaries are adjudicated under what is known as the “Angle Decree.”  Stored water 
in Stony Gorge reservoir is under the authority of the State Water Resources Control Board.  Title to all 
Orland Project water is held by the United States as administered by the Bureau of Reclamation.  The 
Association’s water rights are summarized in Table 3-4. 

3.8.3 Anticipated Land-Use Changes 

In the Northern Sacramento Valley, the current trend is to convert cropland, both irrigated and non-
irrigated, into tree production; predominately olives, walnuts and almonds.  Most new orchards are either 
irrigated by drip or micro-emitters, or by sprinklers.  Many of the drip-irrigated orchards are planted in 
hedgerows.  The Orland Project, for the most part is following this trend.  Most of the new orchards in the 
Orland Project are sprinkler-irrigated and supplied by groundwater—not Orland Project water.  However; 
there are an increasing number of new orchard plantings using Orland Project water.  Of those new 
orchards, some are currently flood-irrigated and, of this writing there are presently seven properties using 
pressurized systems and utilizing Orland Project water for irrigation, a total of 857.9 acres.  Of those 
existing and new orchards, currently flood-irrigating, there is a strong-interest in converting to sprinkler 
irrigation in the near future.  In addition to converting to tree-production, there is a small, but noticeable, 
trend in small parcels used for seed production.  Typically, seed producers are interested in being isolated, 
away from similar crops, to prevent cross-pollination.  And as with most irrigators, the low price and 
stable, reliable supply of water is an enticement.   

The foothill areas surrounding OUWUA have seen large increases in almond acreages in recent years, 
resulting in a gradual increase in demand for groundwater (Glenn County, 2014). 

The Orland Project distribution system was designed to typically deliver water to forty-acre parcels.  This 
was consistent with the Public Notice of May 24, 1916, that announced the opening of the Project.  It 
provided that the maximum area for which water could be furnished under water right application to any 
private land owner was 40 acres of irrigable land, except that original subscribers to the stock of the 
Orland Unit Water Users’ Association were entitled to water for a maximum of 160 designated acres of 
irrigable land.  We say “typically” as there were exceptions; one being that of the area to the south of 
what is now known as South Street.  Parcels in this area (known as Bungalow Row) were typically 10 
acres in size. 

Since the early beginnings of the Project, most of the original 40-acre parcels have been divided many 
times.  The result is that there are currently 1,504 parcels in the Orland Project resulting in an average of 
13.7 acres per parcel. 
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Table 3-4. Water Rights and Entitlements Available to OUWUA. 

Type of Right Quantity Timing Date of Right Source 

Direct Diversion on 
Stony Creek 

85,050 AF not to 
exceed 279 CFS per 

day 

Irrigation 
season as 
available 

10/10/1906 
Angle Decree, Article 
VIII (1) 

Storage of Little 
Stony Creek water 

51,000 AF 
Year round 
as available 

10/11/1906 
Angle Decree, Article 
VIII (3) 

Storage and 
conveyance of water 
from Big Stony 
Creek for storage in 
East Park 

250 CFS 
Year round 
as available 

3/25/1913 
Angle Decree, Article 
VIII (4) 

Storage, water of 
Stony Creek for 
storage in Stony 
Gorge Res. 

50,200 AF 
November 1 

to May 1 

Permit issued 
on 12/2/1925 
License on 
5/15/1944 

SWRCB Application 
A002212 held by 
USBR for Orland 
Project 

 

In 1979, the Orland Unit Water Users Association adopted a policy affecting the division of lands.  
Passed by the Board of Directors on January 11, 1979, it requires that lands divided into parcels of no 
greater than five (5) acres be excluded from the Orland Unit Water Users’ Association and further 
requiring the surrender of appurtenant water rights and shares.  Since November 1987 (when detached 
acreage was tracked), 707.03 acres have been detached from the Orland Project under this policy.  The 
policy was revised on January 17, 2013, to allow for up to two “undersized” parcels in a land division, 
containing 4.25 acres, or greater.  This change was made to align the Association’s policy with that of the 
County’s zoning ordinance. 

Consistent with the housing market decline, the Project has felt little recent pressure from urbanization.  
Between 2013 and 2016, only 34.61 acres detached from the Project due to the Association’s land 
division policy. 

3.8.4 Cropping Patterns 

As discussed previously, primary crops in OUWUA have not changed substantially over time.  Although 
crop acres from previous WMPs are not available, current (2016) crop acreages can be compared to the 
1961 General Agriculture Statistics reported in Attachment D.  This comparison is provided in Table 3.5 
for the main crops consistently grown in OUWUA.  Attachment D includes historical cropping records 
from 1911-1961 and from 1965-2016.  Cropping records were not available for the period 1962 to 1964.  
In the Appendix, cropping records from 1965-2016 are presented in a different format than those prior to 
1961 due to the differing formats in which they were received and incorporated into this Plan.  

As shown in Table 3-5, the total cropped area decreased by approximately sixteen percent between 1961 
and 2016.  As described previously, cropping has diversified to include grain and field crops for forage, as 
well as walnuts.  Additionally, of the crops grown in 1961, acreages of pasture, almonds, alfalfa, and 
oranges receiving OUWUA surface water have decreased, while acreages of olives and prunes have 
increased. 

 



2017 OUWUA 
AGRICULTURAL WATER                                   BACKGROUND AND 
MANAGEMENT PLAN                                                                                           DESCRIPTION OF SERVICE AREA 

Final  3-15  April 2017 

Table 3-5. OUWUA Cropping Patterns for 1961 and 2016. 

Crop Name 

Crop Acreages by Source 

Acreage 
Change 

Percent 
Change 

1961 General 
Agriculture Statistics 

2016 OUWUA 
Cropping Data 

Pasture 9,743 6,596 -3,147 -32% 
Olives 604 1,460 856 142% 
Almonds* 1,463 944 -520 -36% 
Walnuts, Pecans, Pistachios  0 917 917 NA 
Field Crops  0 819 819 NA 
Alfalfa 2,811 616 -2,196 -78% 
Silage & Other Hay  0 607 607 NA 
Prunes, Peaches, Apricots, 
Pears, Pumpkins 125 466 341 273% 
Oranges 247 154 -93 -38% 
Total 14,993 12,5782 -2,415 -16% 

*Includes annexation of 321.16 acres of almonds already in production. 

3.8.5 Irrigation Methods 

The majority of irrigated lands in the Orland Project are flood irrigated.  However; there are 
approximately 858 acres that were either sprinkler irrigated, or currently have the infrastructure to be 
sprinkler irrigated from Orland Project facilities.  There is a strong interest by others to convert to 
sprinkler irrigation via modified turnouts from Orland Project laterals.  The most recent (2009) available 
land use data compiled by DWR for the OUWUA area shows that approximately 90 percent of irrigated 
area within OUWUA is flood irrigated (border strip, furrow or level basin). Irrigation methods are 
summarized below in Table 3-6 as supported by the DWR 2009 land use survey. 

Table 3-6. Summary of Irrigation Methods by Irrigated Area for 2009. 
Irrigation Method Irrigated Area (2009), acres 

Border Strip 14,117 
Low Volume 873 
Furrow 413 
Sprinkler 230 
Level Basin 21 

Total 15,654 

3.9 OPERATING RULES AND REGULATIONS (§10826.A(5)) 

3.9.1 Operating Rules and Regulations 

The Association’s rules and regulations, adopted in 1956 and subsequently amended, are included in 
Attachment E.  They include 15 individual rules governing the control of the system, delivery of water, 
prevention of wasteful use, and other concerns. 

                                                      
2 Approximately 6,546 acres considered to be fallow or idle by Reclamation reporting criteria and 1,453 acres 
classified as yards, ditches, roads and corrals of which approximately 75% is irrigated are not included in the 2016 
cropping data. 
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3.9.2 Water Allocation Policy 

OUWUA’s bylaws (Attachment F) state, 

The amount of water to be delivered to such owner during any irrigation season shall be that 
proportionate part of all the water available for distribution by the Association during that 
season as the number of shares owned by him shall bear to the whole number of valid and 
subsisting shares then outstanding, such water to be delivered to and upon said lands at such 
times during that season as may be needed for proper irrigation thereof.  (Article I, Section 6) 

Water is provided on a rotational basis to ensure equitable distribution of available water supplies.   

3.9.3 Lead Times for Water Ordering and Shut-Off 

There is not an official time for a water user to be notified in advance of his delivery time.  The water user 
is typically notified by the ditch tender or upstream water user at least one half hour in advance of his turn 
being available.  Typically, a water user will notify the ditch tender and/or next water user at least one 
half hour in advance of finishing his irrigation. 

3.9.4 Policies Regarding Return Flows 

There are no formal policies regarding return flows and outflow, other than the prohibition of the wasteful 
use of water.  Tailwater is not typically able to flow by gravity back into the distribution system, and 
OUWUA strictly prohibits the use of its facilities to convey dairy nutrient water. 

3.9.5 Policies on Water Transfers 

OUWUA bylaws state, 

A shareholder may, on an annual basis, transfer all or any portion of the shareholder’s proportionate 
part of all the water available for distribution that year to another shareholder provided that the 
whole amount of water actually delivered to the lands of the transferee shall not exceed the amount 
necessary for proper irrigation thereof.  The Board of Directors shall adopt rules and regulations 
implementing and governing regulations.  This provision does not authorize a shareholder to sever or 
transfer shares or rights to water appurtenant to the shareholder’s lands.  (Article I, Section 6) 

OUWUA does not have a policy for transferring water to lands outside the Orland Project.  Title to the 
water rights is held in the name of the United States and under the direction of the U.S. Bureau of 
Reclamation.  Reclamation will allow OUWUA to transfer, or sell, surplus water, however, it requires 
that the proceeds are remitted to Reclamation.  Reclamation will, in turn, apply the proceeds toward the 
15 percent repayment obligation it contends OUWUA will have to pay (pursuant to the Safety of Dams 
Act) for the seismic retrofit at Stony Gorge Dam.  In doing so, Reclamation would apply the proceeds as a 
tail end credit, meaning that it would not be applied to imminent repayment, but rather to latter payments.  
OUWUA has been told that repayment terms (once a contract is agreed-upon) would likely be for a fifty 
year repayment term with no interest.  Therefore, the risk in selling water today to offset an obligation 
fifty years in the future provides no incentive to sell water.  OUWUA is considering taking title to the 
Orland Project and is negotiating with Reclamation.  Part of these negotiations include OUWUA having 
the ability to transfer water.  Such action, however, will require Congressional authorization. 
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3.10 WATER DELIVERY MEASUREMENT AND CALCULATION (§10826.A(6)) 

Water is distributed to customers by ditch tenders who operate a network of mostly lined open channels 
that include 17 miles of supply canals and 139 miles of lateral canals or ditches.  Thirteen deliveries to an 
area totaling 1,249 acres are measured with either propeller meters or electronic magnetic flow meters.  
Deliveries to individual growers or parcels occur on a rotational basis and are typically made through 
structures installed in the channel embankment, called “turnouts”.  Grower turnouts typically consist of 
either a 36” wide concrete structure with an adjustable wooden slide gate, or a 24” diameter orifice gate 
with a short length of pipe attached downstream.  The water level in the main canal is increased at the site 
of the delivery gates by manipulating a check structure in the main canal, downstream of the delivery 
point.  The increased water level allows water to flow through the turnout and on to the grower’s field.  
The combination of water level and gate opening determines the delivered flow rate.  

The OUWUA ditch tenders operate with two basic flow rates, known as “heads,” of 12 cubic feet per 
second (CFS) and 15 CFS.  These represent the gross water order for each delivery.  Growers are charged 
a standard 10 and 12 CFS for a 12 CFS and 15 CFS head, respectively independent of turnout location on 
the distribution system.  The 2 CFS and 3 CFS differences between the head size and the amount charged 
allow for estimated seepage and spillage losses that occur in the distribution system from the diversion 
point to the delivery point.  All OUWUA beats follow this general pattern of operation.  

In sublaterals, one delivery head is typically rotated between all growers on that lateral, one at a time.  
This single delivery head is measured at the sublateral heading using automated Rubicon FlumeGates, 
Rubicon SlipMeters, Rectangular weirs, or Cipolletti weirs.  All of these devices are capable of providing 
measurement accuracy better than five percent3.  To accurately quantify the number of these measurement 
devices existing in the Association, a complete water measurement structure inventory was completed as 
part of this Plan and is summarized in Table 3-7. 

Rotation lengths vary from 12 days in the middle of the irrigation season to14 days early and late in the 
irrigation season.  Delivery durations, based on the head size and irrigated acreage, vary from 
approximately 0.5 to 24 hours.  Ditch tenders record the start and stop times of each delivery when they 
open or close the gate, or, if the grower makes the change, rely on communication with the grower to 
determine the start and stop times.  Multiplying the flow rate by the duration provides a total delivered 
volume.  On average, water is moved from user to user 15 times each day with the movement of water 
handled by the users themselves about 95 percent of the time.  Nighttime operations are usually limited to 
handing water from one user to the next.   

 

                                                      
3 According to manufacturer literature, FlumeGate accuracy is ±5%, SlipMeter is ±2.5%. USBR Water 
Measurement Manual, 3rd Edition (2001) indicates standard Cipolletti weirs and rectangular weirs are ±5% accurate.  
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Table 3-7. Summary of Measurement Methods and Number of Sites. 
Type of Device Number of Devices Acres Served Downstream 

Cipolletti Weir 28 6,018 
Rubicon Gate 7 3,764 
Estimate 38 2,366 
Parshall Flume 4 646 
Rectangular Weir 7 854 
Sontek Flow Meter 2 483 

TOTAL 98 14,132 

 
Each grower has been assigned one of the two flow rates the OUWUA provides based on their sublateral.  
The duration for their irrigation turn is then computed based on the irrigated area.  Water delivered to the 
grower is generally not measured at the turnout due to low differential heads across delivery gates.  Ditch 
tenders utilize standard measurement devices installed at the head of the delivery lateral or sublateral to 
measure a single head that is delivered to a single grower downstream.  This head is rotated from one 
grower to the next.  In situations where the lateral or sublateral conveys multiple heads, operators 
effectively split the lateral into separate reaches and use intermediate standard measuring devices or 
portable measuring weirs to accurately divide multiple heads into single delivery heads.  The operator 
uses these standard measuring devices and water control structures to pass one head to the lower reach for 
rotation while retaining one head for distribution within the reach.  Calibrated tables specific to each type 
of standard device are used to accurately determine passing flow rate.   

Many of the measurement structures in the distribution system were constructed to USBR standards and 
corresponding rating tables are derived from USBR-approved equations and methods.  Ditch tenders have 
been trained in the nuances of flow measurement, and are aware of factors that might influence the use of 
the calibrated tables or staff gages.  Table 3-8 provides a list of measurement devices and how they meet 
the USBR criteria for “standard structures”. 

The ditch tenders use both permanent measurement infrastructure and portable devices to calculate the 
flow rate being delivered to growers.  Permanent measurement devices include: 

(1) Rubicon FlumeGates 
(2) Parshall Flumes 
(3) Rectangular weirs 
(4) Cipolletti Weirs  
(5) Acoustic Doppler meters (SonTek, Mace, etc) 
(6) Propeller meters 
(7) On-farm propeller meters 
(8) On-farm magnetic flow meters 

Portable measurements of flow are accomplished using portable “drop in” Cipolletti weirs.  (Three 
ditchtenders occasionally utilize a Cal Poly-designed “weirstick” for checking a flow rate.)   
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Table 3-8. Summary of OUWUA Standard Devices. 

Measuring 
Device 

Criteria for a "Standard" Measuring Device 

Calibration Construction Installation Maintenance 

Rubicon 
FlumeGate 

Factory calibrated N/A 
Per manufacturer’s 
instructions 

Preventative annual 
maintenance 

Parshall Flume 
Flow determined 
using calibrated 
tables 

Constructed by 
USBR to Federal 
Standards 

Measurement equation(s) 
revised based on as-built 
conditions 

Preventative annual 
maintenance 

Cipolletti Weir 

Flow determined 
using tables 
calibrated for 
approach velocity 
and weir width 

Constructed by 
USBR to Federal 
Standards 

Measurement equation(s) 
revised based on as-built 
conditions 

Preventative annual 
maintenance 

Portable 
Cipolletti Weir 

Flow determined 
using tables 
calibrated for 
approach velocity 
and weir width 

Fabricated by 
OUWUA to 
Federal 
Standards 

Correct portable weir 
installation maintained by 
board slots in check 
structures 

Preventative annual 
maintenance 

Rectangular 
Weir 

Flow determined 
using calibrated 
tables and staff 
gages 

Constructed by 
USBR to Federal 
Standards 

Measurement revised 
based on as-built 
conditions 

Preventative annual 
maintenance to 
maintain consistent 
cross section and 
crest. 

Propeller Meter Factory calibrated N/A 
Per manufacturer’s 
instructions 

Preventative annual 
maintenance. 
Periodic check for 
debris accumulation 

Magnetic Flow 
Meters 

Factory calibrated N/A 
Per manufacturer’s 
instructions 

Preventative annual 
maintenance.  

 

Typically, each lateral or sublateral heading has one of the aforementioned permanent measurement 
devices installed near the head gate to measure total inflow.  OUWUA utilizes “drop in” Cipoletti weirs in 
many locations.  All of these flow measurement devices are capable of providing less than or equal to five 
percent error in measurement (Table 3-9) should all installation, operation and maintenance requirements 
be fulfilled.  

For single head ditches where the head will be passed to one grower at a time, this inflow measurement is 
sufficient for delivery flow measurement.  For multi-head ditches, operators split the lateral into reaches 
at locations of additional permanent measurement devices, or install a portable Cipolletti weir into the 
board slots of the check structure just downstream of the current delivery.  The grower’s gate is adjusted 
until the operator verifies (using the measuring device) that the heads are being accurately split; this 
process is repeated as the rotation continues.  For multi-head ditches, the delivered flow rate in the 
upstream reach will be calculated by subtracting the passing flow rate from the total inflow.  Although, 
measurement at the device is considered to be accurate, the delivered flow rate may vary from delivery to 
delivery based on the universal use of averaged loss factors and the non-uniformity of system loss 
between and within laterals.  Unexpected fluctuations in water level may also change delivery flow rates. 
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Table 3-9. Accuracy of OUWUA Standard Measuring Devices. 

Standard Measuring 
Device 

Typical 
Error* Reference 

Rubicon FlumeGate ±5%  (1)Rubicon Water 

Rubicon SlipMeter ±2.5% (1)Rubicon Water 

Parshall Flume ±3% to ±5%  (2)USBR Water Measurement Manual, 3rd Edition, Sect. 8-14 

Cipolletti Weir ±5%  (2) USBR Water Measurement Manual, 3rd Edition, Sect. 7-16 
Portable Cipolletti 
Weir ±5%  

(2)USBR Water Measurement Manual, 3rd Edition, Sect. 7-16 

Rectangular Weir ±1 to ±5% 
(2) USBR Water Measurement Manual, 3rd Edition, Sec. 7-17; 
(3) ILRI20 - 3.1, Section 5.1: (4) ITRC estimate, 5% 

Acoustic Doppler 
Meter 

±1%** (5)SonTek 

Propeller Meter ±2% to ±5% 
(2) USBR Water Measurement Manual, 3rd Edition, Sec. 14-4, 
Pg. 14-12; (3) ILRI20 - 3.1, Section 9.7; (4) ITRC estimate 5%; 
(6) Water Specialties, ±2% 

Magnetic Flow Meter ±2%  (7) McCrometer Mag Meters, ±2% 

(1) Rubicon Water (http://www.rubiconwater.com) 
(2) USBR Water Measurement Manual (http://www.usbr.gov/pmts/hydraulics_lab/pubs/wmm/) 
(3) International Institute for Land Reclamation and Improvement (ILRI). Discharge Measurement Structures. 
(http://content.alterra.wur.nl/Internet/webdocs/ilri-publicaties/publicaties/Pub20/pub20-h1.0.pdf) 
(4) USBR Water Management Planner. 2011 Criteria - Calibration and Measurement-2011(9). 
http://www.usbr.gov/mp/watershare/documents/Water_mgmt/index.html 
(5) SonTek. Xylem, Inc. http://www.sontek.com/iq  
(6) Water Specialties Propeller Meters (http://www.mccrometer.com/library/pdf/30114-03.pdf) 
(7) McCrometer Mag Meters (https://www.mccrometer.com/Agricultural-Turf)  
*Assuming proper installation, maintenance and operation 
**Typical error of measured velocity   

 

Table 3-10 provides a summary of the number of occurrences of each measurement structure type, the 
number of acres that are served downstream, and the number of individual turnouts.  Based on a 2016 
survey of measurement methods, delivery points, and corresponding irrigated acreage, it is estimated that 
approximately 82 percent of irrigated acreage receives water that is measured using an upstream device, 
as described.  Approximately 18 percent receive delivered flow rates that have been estimated by ditch 
tenders using temporary or “drop-in” methods. 

OUWUA requires landowners installing piped on-farm irrigation systems to install propeller meters or 
other type of measurement.  Currently, 14 growers have installed flow measurement (propeller meters and 
magnetic flow meters) along with their piped systems.  These individually measured turnouts are used by 
the OUWUA ditch tenders to verify delivered flow rate, and record total delivered volume if a volumetric 
totalizer is part of the meter design.  These turnouts, and corresponding acreage, are included in the 
summary Table 3-10.  Overall, 100 percent of all irrigated lands receive measured deliveries using the 
methods defined previously.  
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Table 3-10. Summary of Measured Deliveries, by Irrigated Acreage and Turnouts. Inventoried in 
20164.  

Type of Device Number 
of Devices 

Acres Served 
Downstream 

% of Total 
Irrigated 
Area 

Number of 
Turnouts Served 
Downstream 

% of Total 
Active 
Turnouts 

Cipolletti Weir 28 6,018 38% 312 45% 
Rubicon Gate 7 3,764 24% 144 21% 
Estimate 38 2,366 15% 126 18% 
Parshall Flume 4 646 4% 53 8% 
Rectangular Weir 7 854 5% 44 6% 
Sontek Flow Meter 2 483 3% 12 2% 
TOTAL 87 14,132   691   

 

Direct deliveries from the main canals are typically estimated due to wide variations in flow rate causing 
upstream water level fluctuations, or low available differential head across turnout gates. Additionally, 
operators rely on their technical experience and past spot measurements to make deliveries to some small 
sublaterals or ditches with short runs or few turnouts.  Often times these ditches do not have permanent 
flow measurement devices, but temporary devices have been periodically used (portable Cipolletti weirs, 
weir sticks, velocity-area meters, etc.) to develop a functional gate rating.  It is estimated that 18 percent 
of all irrigated lands, and 20 percent of turnouts on measured laterals, receive deliveries that are 
estimated. 

OUWUA recognizes the importance of flow measurement at the turnout level; however, accurate 
measurement of deliveries at individual turnouts is of little use in providing steady deliveries without 
excessive system spillage if system measurement is inaccurate or does not exist.  Therefore, OUWUA has 
installed several intermediate flow measurement sites that help ensure operational efficiency.  In early 
2013, a SonTek IQ acoustic Doppler flow meter was installed in the South Canal, just downstream of the 
Lateral 210 head gates, to better monitor passing flow and to enable operators to identify and divert 
surplus flows to the Beat 2 regulating reservoir rather than spilling them within the lower Beats.  Another 
SonTek device was installed near the Lateral 40 to Tehama Colusa Canal (TCC) Intertie in 2011 to 
measure water exchanged with the Tehama Colusa Canal Authority (TCCA).  

In 2012, OUWUA also installed a permanent spill measurement flume at the Becks Spill site in Beat 2.  
Previously, OUWUA had conducted periodic measurements at this site in 2005 and 2006, and again in 
2011.  A pressure sensor is located upstream of the flow measurement structure to measure water stage 
which can be equated to the passing flow rate.  Additionally, OUWUA has occasionally installed 
temporary flow monitoring equipment at several other spill sites to better understand seasonal flow 
patterns and refine operations. Additional discussion of spill measurement can be found in Sections 4.2.7 
and 4.2.8.  

                                                      
4	To remain consistent with the most recent water balance year, irrigated acreage from 2015 is used throughout this 
Plan. However, the measurement method inventory was completed in 2016. Percentages of irrigated acreage 
receiving measured and estimated flows are presented assuming the proportions remain relatively consistent 
between years.		
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3.11 WATER RATE SCHEDULES AND BILLING (§10826.A(7))  

OUWUA currently measures water and bills on a volumetric water-use basis.  Users are charged a water 
delivery rate (2017 rate) of $24/acre for 3 AF/acre, and $13/acre-foot if use exceeds 3 AF/acre.  Users 
who plan to use less than the 3 AF/acre can elect to transfer their unused allocation to a neighbor. 

In 2016, OUWUA collected a total of $365,600 from water rates for a total purchased volume of 48,747 
AF.  Records show that a total of 4,176 additional AF were delivered to growers who utilized more than 3 
AF/acre.  This accounted for additional revenue of $54,293.  

To track water delivery and water use, ditch tenders supply their daily water reports to the office where 
data is input into a custom-designed water accounting program.  This program tracks water usage, water 
sales and excess water sales.  It also accounts for water transferred among accounts.  The water program 
retains parcel serial numbers and an abbreviated legal description.  It also records which beat a property is 
on and the name and phone number of the irrigator. 

OUWUA utilizes BusinessWorks for its accounts payable, accounts receivable, payroll and general ledger 
accounting.  A sample bill is included in Attachment G. 

In addition to the water delivery fee, OUWUA also charges growers an annual Operation and 
Maintenance (O&M) fee for upkeep of the system.  The tiered O&M fee is charged to each water user 
based on the acreage of each parcel that falls within the water rights use area.  Each parcel is individually 
evaluated for the O&M fee, and landowners must pay the fee regardless if they plan to take delivery of 
water or not.  The tier structure for 2017 is shown in Table 3-11.   

Table 3-11. OUWUA Annual O&M Fee Structure for 2017. 

Parcel Area, Acres Annual O&M Fee, $/acre 

0 – 6 $61.50 
6.01 – 10 $55.50 

10.01 – 15 $49.50 
15.01 – 20 $43.50 

20.01 + $37.50 

3.12 WATER SHORTAGE ALLOCATION POLICIES AND CONTINGENCY PLAN 
(§10826.A(8)) 

The Association allocates water supplies equally to its landowners as required on page 10 of the Bylaws 
(Attachment F) and described in the Associations’ Drought Management Plan (Attachment H).  Water 
shortages, which are rare, are dealt with on a year-to-year basis.  Allocations are set to provide water for 
as long as possible.  The Association assesses historical deliveries per rotation to see how many rotations 
can be completed and how long the season can be extended.  Different rotation lengths and frequencies 
are tested to assess impacts and benefits. The rotational delivery system employed by OUWUA ensures 
equitable distribution of water to water users.  In a shortage year, other strategies that could be employed 
include decreasing the rotation frequency to spread available supplies through the growing season, use of 
private groundwater pumping capacity to supplement surface water supplies, more intensive operation to 
reduce spillage losses, and fallowing of annual crops. 
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3.13 POLICIES ADDRESSING WASTEFUL USE OF WATER 

Regardless of water supply condition, the Association promotes and enforces reasonable and beneficial 
uses of water by water users, as described in Rule #6 of the Rules and Regulations (Attachment F): 

Rule #6. Waste of Water: “Any water user who, in the opinion of the Board of Directors of the 
Association is wasting water (on roads or vacant land or land previously irrigated) either willfully, 
carelessly, negligently or on account of defective ditches, or who shall flood any portion of lands to an 
unreasonable depth, or who shall use an unreasonable amount of water because his land has been 
improperly checked for the economical use of water, or who allows an unnecessary amount of water to 
escape from any tail gate, may be refused the use of water until such conditions are remedied.” 

3.14 POLICIES OF REGULATORY AGENCIES AFFECTING CONTRACTOR 

OUWUA participates or initiates discussions with the Army Corps of Engineers, the USBR, the City of 
Santa Clara and other agencies to evaluate policies that affect OUWUA’s flexibility in delivering and 
storing water.  OUWUA actively evaluates the effect of Reclamation policies and operational practices on 
Association operations and seeks policy changes to alleviate water supply and flexibility constraints.  

In efforts to increase flexibility, an agreement between OUWUA and the TCCA has been considered that 
would allow the Association to utilize the TCC as an intertie conveyance between its Northside and 
Southside service areas. No formal activity has yet taken place.  Additionally, in its Title Transfer 
negotiations, OUWUA is in discussion with USBR to allow for revenue generation through the transfer 
and sale of surplus water.  OUWUA has two unused existing TCC intertie sites available to transfer any 
surplus water to TCCA to reduce their Sacramento River diversions at Red Bluff. 

OUWUA will continue to participate in local, regional, and statewide water management initiatives that 
affect, or have the potential to affect, the Association’s ability to store and deliver water to ensure that 
OUWUA is able to meet irrigation and other demands with the degree of flexibility required to maintain 
and enhance efficient water management. 
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4. INVENTORY OF WATER SUPPLIES 

4.1 INTRODUCTION 

This section describes water supplies available to OUWUA and its customers and details the various uses 
of water within OUWUA.  The analysis of water use is based upon a detailed water balance analysis for 
key accounting centers within the Project.  Separate water balances are provided for the areas receiving 
water from OUWUA on the north and south side of Stony Creek, referred to as the Northside and 
Southside, respectively.  For each accounting center, a detailed, multi-year water balance covering the 
period from 2002 to 2016 is presented.  The water balance quantifies all significant water inflows and 
outflows to and from the areas receiving water from the Project in each calendar year.   

The water uses and water balances are discussed in relation to hydrologic conditions within the Project, 
which vary from year to year and are presented for the calendar year.  Key hydrologic drivers of water 
management in a given year include available surface water supply under the Association’s water rights, 
precipitation within the service area, and evaporative demand. 

4.2 SURFACE WATER SUPPLY 

With very little snow, winter runoff from the Stony Creek watershed occurs almost immediately after 
precipitation.  The Stony Creek watershed had an average annual runoff of 410,000 AF for the period 
1921 to 2001 the low of 17,000 AF occurred in 1977.  The high of 1,435,000 AF occurred in 1983 
(Davids, G., et. al, 2006).  At Stony Gorge the total drainage area is 735 square miles (USBR, 2011). 

The reservoir capacity on the Stony Creek watershed is as follows:  

 East Park Reservoir – 50,900 AF 
 Stony Gorge Reservoir – 50,000 AF 
 Black Butte Reservoir – 136,000 AF 

 
In approximately 90 of 100 years, precipitation is sufficient to fill East Park and Stony Gorge. The total 
reservoir capacity in the upper watershed is not adequate to provide regularly planned inter-annual 
carryover storage.  Black Butte Reservoir, while originally built for flood control, was financially and 
operationally integrated with the CVP, allowing for use of conservation storage for irrigation and 
recreation5.  Operations of the three reservoirs were coordinated under a 1964 agreement to increase the 
net benefits of the system.  

The rights to water available to the Orland Project are summarized in Table 4-1.  These rights are held by 
the United States as administered by USBR.  With the exception of water stored in Stony Gorge, the 
rights to the water diverted by the Orland Project were adjudicated in the terms of the Decree in the case 
of The United States of America vs. H. C. Angle, et al, 1930.  Water rights from the “Angle Decree” 
provide for both storage of water and direct diversion of water.  Stored water in Stony Gorge Reservoir is 
under the authority of the State Water Resources Control Board (SWRCB). 
 

                                                      
5 In addition to the USBR, USACE, and OUWUA, the City of Santa Clara operates a 6.2 MW hydropower facility 
on Black Butte Dam.  The facility is operated under a cooperative agreement between the City of Santa Clara, 
USACE and OUWUA. 
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Table 4-1. Summary of the Water Rights Available to the Lands of the Orland Project. 

Quantity Type of Right 
Date of 
Right 

Time Source 

85,050 AF not to 
exceed 279 CFS 

Direct Diversion 
on Stony Creek 

10//10/1906 Irrigation 
season as 
available 

Angle Decree, Article 
VIII (1) 

51,000 AF Storage of Little 
Stony Creek 
water 

10/11/1906 Year round 
as available 

Angle Decree, Article 
VIII (3) 
 

250 CFS Storage and 
conveyance of 
water from Big 
Stony Creek 

3/25/1913 Year round 
as available 

Angle Decree, Article 
VIII (4) 
 

50,200 AF Storage, water of 
Stony Creek  

Permit issued 
on 12/2/1925 
License on 
5/15/1944 

November 1 
to May 1 

SWRCB Application 
number A002212 held by 
USBR for Orland Project 

 

Monthly diversions for 2016 are summarized in Table 4-2.  Water was diverted between April and 
October and ranged from 3,862 AF in October to 13,162 AF in July.  Total diversions were 67,065 AF. 

Table 4-2. 2016 Monthly Surface Water Supplies (North and South Canal Diversions). 

Month Diversions (AF) 

January 0  

February 0  

March 0  

April 4,673  

May 9,955  

June 12,143  

July 13,162  

August 12,819  

September 10,451  

October 3,862  

November 0 

December 0 
Total 67,065 

 

To support the water balance analysis, and help to identify trends in water use, hydrologic year types have 
been assigned to each year between 2002 and 2016 based on the Sacramento River Index (SRI)6.  The 
SRI defines five water-year type classifications based on a sum of Sacramento River watershed runoff 
and inflow volumes as a means of characterizing the total water available in the Sacramento River Basin.  

                                                      
6 Additional information on  the Sacramento River Index calculation procedure is available at 
http://www.waterplan.water.ca.gov/docs/cwpu2009/0310final/v4c12a01_cwp2009.pdf 
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The five classifications are: wet (W), above normal (AN), below normal (BN), dry (D) and critical (C).  
For OUWUA’s water balance analysis, years classified as W or AN are considered wet years, and other 
years are classified as dry years.  The classification for each year, along with precipitation and ETo, are 
shown in Table 4-3. 

Table 4-3. 2002 to 2016 Sacramento Valley River Index, Water Year Precipitation, 
and Irrigation Season ETo, and Hydrologic Year Type. 

Year 
Irrigation 

Start 
Sacramento 
River Index 

Hydrologic 
Year Type 

Precipitation, in* ETo, in** 

2002 25-Mar D Dry 17.5 44.3 

2003 19-May AN Wet 26.2 46.2 

2004 30-Mar BN Dry 23.1 35.1 

2005 20-Apr AN Wet 29.8 43.4 

2006 1-Apr W Wet 29.3 39.6 

2007 20-Mar D Dry 11.8 42.4 

2008 26-Mar C Dry 16.2 46.3 

2009 20-Jan D Dry 17.7 46.2 

2010 1-Apr BN Dry 25.3 53.1 

2011 14-Apr W Wet 22.9 43.0 

2012 26-Apr BN Dry 14.8 38.0 

2013 15-Mar D Dry 16.6 40.6 

2014 25-Apr C Dry 11.5 48.2 

2015 17-Mar C Dry 17.8 41.2 

2016 14-Apr BN  Dry 19.5 47.5 

Minimum 11.5 35.1 

Maximum 29.8 53.1 

Wet Year Average 27.1 43.1 

Dry Year Average 17.4 43.9 

Overall Average 20.0 43.7 

*Water Year Precip at NDCD Orland Station entire period of record 

**Irrigation Season Reference ETo at Orland CIMIS station (1/1/2002 thru 6/16/2010) and Spatial CIMIS at 
Orland (6/17/2010 through 12/31/2016)  

 

Based on the analysis of SRI, precipitation, and ETo, four years between 2002 and 2016 were assigned to 
wet year types, and eleven years were assigned to dry year types.  During the wet years of 2003, 2005, 
2006, and 2011 average precipitation was almost ten inches more than the average during the dry years.  
Irrigation season ETo for the wet years averaged approximately 43 inches, roughly the same as the 
average during the dry years. 
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Annual diversions to the North Canal and South Canal are summarized in Table 4-4 for the fifteen-year 
period from 2002 to 2016.  Additionally, total precipitation for the water year (October through 
September) is provided based on data from the NCDC station maintained by OUWUA. 

As indicated in Table 4-4, total diversions ranged from approximately 61,000 AF in 2014 to 111,000 AF 
in 2002.  There appears to be a minor relationship between precipitation and diversions, with an average 
of 86,000 in wet years and 91,000 AF in dry years.  Overall, average diversions were 88,500 AF for the 
ten-year period. 

4.3 GROUNDWATER SUPPLY 

The Association provides only surface water to its customers and does not own or operate any 
groundwater wells, or managed groundwater recharge areas.  The Association promotes in lieu 
groundwater recharge through its pricing policies and operating practices.  The Association does not have 
a Groundwater Management Plan, nor does it have a Groundwater Banking Plan.  The Association 
participates with Glenn County and other local agencies in the management of local groundwater 
resources.  

The lands of the Orland Project generally overlie the Stony Creek Fan (alluvium).  Historically, surface 
water supplies are sufficient to meet irrigation demands; however, some landowners within the Project 
have opted to use groundwater (in full or in part) for irrigation due to conveyance constraints of the 
Project. The Association is currently working towards modernizing the system conveyance system so 
growers using low flow, high frequency irrigation systems can utilize the Association’s water instead of 
relying on groundwater. 

The OUWUA service area lies partially in the Corning Groundwater Subbasin and partially in the Colusa 
Subbasin (Figure 4-1).  These areas are defined in DWR’s 2016 update of Groundwater Bulletin 118 as 
subbasins #5-21.51 and #5-21.52.  Hydrologic separation of these two Subbasins in the area of OUWUA 
follows the alignment of Stony Creek, similar to the boundary separation of OUWUA’s north and south 
service areas.  

The Corning Subbasin lies to the north of Stony Creek and is bounded on the west by the Coast Ranges, 
on the north by Thomes Creek, and on the east by the Sacramento River.  The subbasin encompasses 321 
square miles of land in both Tehama and Glenn counties, and underlies the city of Corning.  
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Table 4-4. 2002 – 2016 Annual Surface Water Supplies. 

Year 
Hydrologic 
Year Type 

Water Year 
Precipitation 
(in)* 

North 
Canal 
Diversions 
(AF) 

South 
Canal 
Diversions 
(AF) 

Other 
Diversions 
(AF)1 

Total 
Diversions 
(AF) 

2002 Dry 17.54 37,896 72,155 1,384 111,435 

2003 Wet 26.15 26,420 59,994 1,002 87,416 

2004 Dry 23.08 31,868 66,926 1,799 100,594 

2005 Wet 29.82 26,352 57,124 1,180 84,657 

2006 Wet 29.34 31,726 59,078 1,884 92,688 

2007 Dry 11.77 33,981 64,330 1,948 100,259 

2008 Dry 16.22 36,837 69,761 2,134 108,732 

2009 Dry 17.7 27,679 53,566 1,238 82,483 

2010 Dry 25.29 24,962 57,237 1,876 84,075 

2011 Wet 22.91 22,822 53,526 1,555 77,903 

2012 Dry 14.84 32,997 59,716 1,833 94,546 

2013 Dry 16.58 32,440 57,160 2,184 91,783 

2014 Dry 11.47 24,863 35,722 456 61,041 

2015 Dry 17.83 34,255 48,286 0 82,540 

2016 Dry 19.49 27,519 39,189 357 67,065 

Minimum 11.5 22,822 35,722 0 61,041 

Maximum 29.8 37,896 72,155 2,184 111,435 

Wet Year Average 27.1 26,830 57,430 1,405 85,666 

Dry Year Average 17.2 31,778 58,486 1,485 91,749 

Overall Average 20.0 30,174 56,918 1,389 88,481 

(1) Deliveries upstream of measurement point in South Canal. 

*Orland CIMIS station (1/1/2002 thru 6/16/2010); Colusa CIMIS Station (6/17/2010 through 12/31/2011) 
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Figure 4-1. Overview and Location of Groundwater Subbasins Underlying OUWUA Service Area. 

The southern part of the subbasin (where the Northside service area resides), primarily consists of older 
floodplain deposits and channel deposits from Stony Creek and its tributaries.  This area includes a 
moderately well-defined, highly productive, shallow water-bearing zone reaching a thickness of 150 feet 
along Stony Creek and 110 feet along the Sacramento River.  Domestic and shallow irrigation wells along 
the west side of Capay plain and south of the Tehama County line provide moderate-to-high yields from 
confined groundwater in 10- to 50-foot thicknesses of highly pervious pebble and cobble gravels.  In the 
northwest part of Capay plain, older alluvium of the Riverbank Formation extends from the surface to 150 
feet.  Wells in this zone have low-to-moderate yields.  This zone is underlain by a highly productive 
confined gravel averaging 40 feet in thickness (DWR 2003).  

Water bearing formations exist at varying depths and include Holocene Stream Channel Deposits, the 
Pleistocene Modesto Formation, the Pleistocene Riverbank Formation, the Pliocene Tehama Formation, 
and the Pliocene Tuscan Formation.  The Tehama Formation is the primary source of groundwater in the 
subbasin with a thickness up to 2,000 feet.  Alluvial deposits from the coastal mountains make up the 
majority of this formation, consisting of unconsolidated or moderately consolidated coarse and fine-
grained sediments. 

Based on studies in 1993, 1994 and 1997 conducted by DWR, groundwater extraction for agricultural use 
is estimated to be 152,000 AF.  Groundwater extraction for municipal and industrial uses is estimated to 
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be 6,600 AF.  Deep percolation of applied water is estimated to be 54,000 AF.  Wells within the Corning 
Subbasin have capacities of between 50 - 3,500 gallons per minute (GPM) and average 977 GPM.  
Irrigation well depths range from 27 to 633 feet (average of 246 feet), while domestic well depths range 
from 24 - 633 feet and average 135 feet (DWR 2003).   

The Colusa Subbasin is bounded on the east by the Sacramento River, on the west by the Coast Range 
and foothills, on the south by Cache Creek, and on the north by Stony Creek and underlies the OUWUA 
Southside Service Area.  The underlying aquifer encompasses 1,434 square miles in four counties, 
including: Colusa, Glenn, Tehama and Yolo.  Of significant importance to OUWUA is the Stony Creek 
Fan subarea which occupies the northern portion of the Subbasin and extends from Black Butte Reservoir 
to the City of Willows, northeast from the City of Willows to the Sacramento River, and north beyond the 
Tehama County line.  Water bearing formations within the Stony Creek Fan area include Holocene 
alluvial deposits, the Modesto Formation, the Riverbank Formation, the Tehama Formation and the 
Tuscan Formation.   

The Tuscan formation enters the Sacramento Valley along the eastern margin of the Sacramento Valley.  
It extends approximately 15 miles westward of the Sacramento River as it dips beneath the Colusa 
Subbasin and interfingers with the Tehama formation.  The Tuscan formation is identified by four distinct 
units: A, B, C and D (unit D is not found in the Project Area).  Tuscan Unit C, or the Upper Tuscan 
formation, is composed of massive mudflow deposits characterized by very low permeability’s.  This 
formation yields very little water making it of little direct importance as a source of groundwater supply 
to the Project Area.  However, it acts as a confining layer to Tuscan Units A and B, together referred to as 
the Lower Tuscan formation (Davids, G., et. al, 2006).   

The Lower Tuscan formation is considered an important water-bearing unit in the Project Area although 
at present it is essentially undeveloped.  It is estimated to be present in the Project Area at depths ranging 
from 300 to 1000 feet based on preliminary data from ongoing DWR investigations (DWR, 2003a).  The 
Lower Tuscan only underlies the Project area east of the Tehama-Colusa Canal. 

Alluvial deposits from Stony Creek and other ancestral stream channels reach a thickness of 150 feet at 
Stony Creek and 110 feet closer to the Sacramento River.  Thick Tehama Formation clays underlie the 
intermediate water bearing zone of the Stony Creek plain at a depth of 300 feet and rise to a minimum 
depth of 40 feet (DWR, 2003).  Additional information regarding Stony Creek Fan can be found in the 
Stony Creek Fan Conjunctive Water Management Program Report (Davids, G., et. al, 2006). 

Estimates of groundwater extraction for agricultural, municipal and industrial, and environmental wetland 
uses in the Colusa Subbasin are 310,000, 14,000 and 22,000 AF, respectively, based on DWR surveys 
conducted in 1993, 1994, and 1999.  Deep percolation from applied water is estimated to be 64,000 AF. 

Irrigation well yields range from 25 – 5,600 GPM with an average of 1,967 GPM.  Irrigation well depths 
range from 20 to 1,340 feet (averaging 368 feet), while domestic well depths range from 11 to 870 feet 
and average 155 feet (DWR 2003).  Not current info—Irrigation well depths are much deeper in recent 
years. 

DWR’s Bulletin 118 (2003) concludes that there is no indication of increasing or decreasing groundwater 
trends in either of the two subbasins.  However, more recent groundwater elevation monitoring completed 
by DWR (2013), shows an average change in elevation of -12.1 feet for the intermediate aquifer (well 
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depths of 200 to 600 feet deep) in Glenn County from fall 2004 to fall 2012.  The largest decline in 
elevation is centered just to the south west of the city of Orland, as seen in Figure 4-2. 

 
Figure 4-2. Changes in groundwater elevation for the Northern Sacramento Valley from Fall 2004 to 

Fall 2012 (DWR, 2013). 

4.4 OTHER WATER SUPPLIES 

Excepting a few interties, where operational spillage is captured and used downstream, OUWUA has no 
other water supplies.  There is no recycled water available for use within the OUWUA service area.  
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Where the topography allows, a lateral or sublateral may terminate at another lateral to allow operational 
discharges to be used downstream through an intertie.  An example of an intertie in OUWUA that 
conveys operational discharges from one sublateral to another lateral for use downstream is the lateral 
211 intertie to the South Canal a few miles west of Orland. 

4.5 WATER QUALITY MONITORING 

4.5.1 Surface Water 

The Association does not provide potable water, only irrigation water.  The irrigation water is of excellent 
quality and there are no agricultural water quality concerns.  In conjunction with its Statewide General 
National Pollutant Discharge Elimination System (NPDES) permit, OUWUA adopted its Aquatic 
Pesticide Application Program that includes water monitoring.  The Association collects water quality 
samples before each copper application followed by a second sample occurring no later than 7 days after 
the application. Samples are taken at two locations on the South and North Canals.  Table 4-5 lists the 
analyses performed, the sampling dates and locations, and concentration levels. The Association only 
made two copper applications in 2016.  

4.5.2 Groundwater 

No groundwater supplies are utilized by the Association and no groundwater quality monitoring is 
performed.  

Table 4-5. Agricultural Water Quality Analyses Performed During 2016. 
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6/15/2016 
South 
Canal 

BG 4.7 274 14.3 8.06 27.0 109 1.7 

6/15/2016 
North 
Canal 

BG 7.9 279 14.5 8.06 11.0 111 1.8 

6/22/2016 
South 
Canal 

Post 8.9 266 15.1 7.99 29.2 114 1.9 

6/22/2016 
North 
Canal 

Post 8.0 271 13.9 7.95 13.4 94 1.7 

7/13/2016 
South 
Canal 

BG 5.6 240 9.4 7.96 21.7 115 0.7 

7/13/2016 
North 
Canal 

BG 7.0 243 9.6 8.06 9.7 119 1.1 

7/22/2016 
South 
Canal 

Post 8.7 276 7.0 7.96 18.8 119 0.7 

7/22/2016 
North 
Canal 

Post 7.3 279 7.6 7.99 10.6 123 0.9 

BG - The background sample taken prior to a copper application 

Post - The first post application event sample collected within one week following an application event 

NTU - Nephelometric Turbidity Units 

WQO - Water quality objective as defined in the Aquatic Pesticide NPDES Permit. The Water Quality Objective for copper is hardness 
dependent 
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5. WATER BALANCE 

5.1 INTRODUCTION 

This section describes the various water uses within OUWUA, followed by a detailed description of 
OUWUA’s water balances for key accounting centers within the Association.  For each accounting 
center, a detailed, multi-year water balance covering the period from 2002 to 2016 is presented.  The 
water balance quantifies all significant inflows and outflows of water to and from OUWUA’s service 
area.  

The water uses and water balances are discussed in relation to hydrologic conditions within OUWUA, 
which vary from year to year.  Key hydrologic drivers of water management in a given year include 
available surface water supply from East Park and Stony Gorge Reservoirs, precipitation within the 
OUWUA service area, and atmospheric water demand. 

5.2 WATER BALANCE OVERVIEW 

The OUWUA water balance includes separate accounting centers for the canal system and the irrigated 
lands for both the Northside and Southside service areas.  A total of 38 individual flow paths are 
quantified as part of the water balance.  Schematics of the water balance structures for the Northside and 
Southside service areas are provided in Figures 5-1 and 5-2, respectively. 

A schematic of the Northside water balance structure is shown in Figure 5-1.  The water balance has two 
accounting centers, one representing the North Canal System and another representing the Irrigated 
Lands, each with its associated inflows and outflows.  Private drainage systems have not been included in 
the water balance.  Flow measurements are not available for all of the flow paths into and out of the 
accounting centers; however, sufficient information is available to develop estimates for these flow paths.  
Together, the two accounting centers represent the Project’s agricultural water operations, shown within 
the dashed line in the figures.  The Groundwater System accounting center, shown outside the dashed 
line, is regarded as a source and destination of water, and a complete water balance has not been prepared 
for it.  An additional source of information on the groundwater system in the OUWUA region is the Stony 
Creek Fan Integrated Groundwater and Surface Water Model prepared for the Stony Creek Fan 
Partnership by WRIME, Inc (2003). 

A schematic of the Southside water balance structure is shown in Figure 5-2.  It is identical to the 
Northside (described above) except that it has additional measurements for canal spills that are shown as 
separate flow paths on the diagram, and it also has the Tehama-Colusa Intertie (TC Intertie) flow path 
from the canal system to the Tehama Colusa Canal. 
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Figure 5-1. North Water Balance Structure. 
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Figure 5-2. South Water Balance Structure. 

In general, flow paths are quantified on a monthly basis for the calendar year (January through 
December).  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). 

 Inflows – Outflows = Change in Storage (monthly time step) [5-1]  
 Inflows – Outflows = 0 (annual time step)   [5-2] 

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 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. 

The primary outflow from OUWUA is crop evapotranspiration (ET).  Crop ET may be derived from 
applied irrigation water (ETaw) or from precipitation (ETpr).  A monthly root zone water balance model 
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was applied to partition total crop ET into ETaw and ETpr.  Using site and crop specific soil-water-plant 
parameters, and weather data, the monthly model tracks changes in soil moisture storage in the root zone 
over time.  From the model, estimates of soil moisture derived from precipitation versus irrigation were 
developed that, when coupled with moisture withdrawals due to crop ET, apportioned the total crop ET 
into the portion from ETpr and the portion from applied water (ETaw). 

 Water Balance Areas 
Independent water balances were prepared for the Northside and Southside service areas because the two 
areas are hydrologically distinct and have separate historical records.  The Northside and Southside water 
balance area and water supplies are briefly summarized in the following sections. 

 Northside Water Balance Area Description 
The Northside water balance area is defined as the irrigated area within the OUWUA boundary north of 
Stony Creek.  This includes all of the irrigated lands within Beat 5 and Beat 6.  Releases from Black Butte 
Dam flow down Stony Creek for a distance of approximately 5 miles to the North Diversion Dam, where 
the water is diverted into the North Canal.   

 Southside Water Balance Area Description 
The Southside water balance area is defined as all of the irrigated area within the OUWUA boundary 
south of the Stony Creek.  It includes all of the irrigated lands within Beats 1 through 4.  The area’s 
source of surface water is the South Canal, diverted after release from Black Butte Dam. 

5.3 FLOW PATH ESTIMATION AND UNCERTAINTY 

Individual flow paths were estimated based on direct measurements or based on calculations using 
measurements and other data.  As described previously, those flow paths not estimated independently 
were calculated as the closure term of each accounting center.   

For the canal system accounting centers, farm deliveries were calculated as the closure term.  Farm 
deliveries were selected because farm deliveries represent a large flow path and using the deliveries as the 
closer term allows for an independent assessment of delivery volumes.  Delivery measurement, as 
explained in Section 2.9,1, is accomplished by measurement of total sublateral flows using a device 
located at or near the heading.  Multiple heads are split using a downstream weir or other device.  
Although measurement devices are considered to be within five percent of actual passing flow, flows 
measured at the headings also include a standard allowance for system losses.  Recorded deliveries are 
measured heading flows, minus the standard loss.  For the water balance analysis, it was assumed that 
losses were not consistent between delivery points, so closing on farm deliveries would provide the most 
accurate representation of actual deliveries. Partial measurements of spillage were available and used to 
synthesize historical spillage as a function of recorded spot checks of spill by ditch tenders, for which 
complete records are available.  

For the irrigated lands accounting center, tailwater and tailwater from spill to farms was calculated as the 
closure term for the Northside and Southside, respectively.  Tailwater was selected because it is a 
relatively large flow path and measurements were unavailable. 

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 
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values, an estimated percent uncertainty (approximately equivalent to a 95 percent 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. 

Tables 5-1 and 5-2 lists each flow path for the Northside and Southside service areas, respectively, 
indicating which accounting center(s) each belongs to, whether it is an inflow or an outflow, whether it 
was measured or calculated, the supporting data used to determine it, and the estimated uncertainty, 
expressed as a percent.  As indicated, estimated uncertainties vary by flow path from five percent to 100 
percent of the estimated value, with uncertainties generally being less for measured flow paths and greater 
for calculated flow paths.  The estimated uncertainty of each closure term, calculated based on the 
concept of propagation of random errors as described above, is also shown for each closure term.   

The estimated uncertainty in farm deliveries is 20 percent and 12 percent in the North and South sides, 
respectively.  This uncertainty is small due to the combination of the relatively small uncertainty in 
diversions, which represent the largest flow path in the canal system balance and the relatively large 
magnitude of farm deliveries relative to the diversions.  The estimated uncertainty in tailwater and 
tailwater from spills to farms is 92 percent and 106 percent in the Northside and Southside water 
balances, respectively.  This relatively large percent uncertainty reflects the fact that tailwater is a 
relatively small flow path as compared to deliveries and crop evapotranspiration of applied water.  As a 
result, a relatively small percent uncertainty in the larger flow paths results in a relatively large 
uncertainty in the smaller closure term.  Despite appreciable uncertainty in some flow path quantities, the 
water balance provides useful insights into OUWUA’s water management. 

5.4 HYDROLOGIC YEAR TYPES  

Dry years have below normal precipitation and above normal ET demand, resulting in increased crop 
irrigation requirements.  Thus, in dry years OUWUA faces increased irrigation demands.  In the future, 
updates of the water balance to include additional wet and dry years will allow for increased 
understanding of the implications of increased demand on OUWUA’s water resources and may support 
the identification and implementation of additional management actions to increase the reliability of 
surface water supplies while maintaining or improving levels of service. 
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Table 5-1. Northside OUWUA Water Balance Flow Paths, Supporting Data, and Estimated Uncertainty. 

Accounting 
Center 

Flow-path Type Flowpath Source Supporting Data 
Estimated 

Uncertainty 
(%)1 

Typical 
Volume, AF 

C
an

al
 S

ys
te

m
 

Inflow 

Diversions Measurement 
Black Butte Daily Computation Spreadsheet adjusted by .9148 to account for losses upstream of 
North Diversion Dam in Stony Creek 12% 27,600 

Precipitation Measurement National Climatic Data Center (NCDC) Orland Station  20% 10 
O

ut
fl

ow
 

Evaporation Calculation CIMIS reference ET, estimated evaporation coefficient, estimated wetted surface area 20% 100 

Seepage Calculation 
NRCS soils data, published seepage rates by soil type, estimated wetted area, estimated wetted 
duration 35% 2,800 

Spillage Measurement / Calculation 

Measured values for Town Spill (5/25/2005 - 12/31/2016) and Beck's Spill (4/2005 - 11/2006, 
1/1/2012 - 12/31/2016);  All others spills calculated based on daily observations adjusted based 
on Town Spill and Beck's spill relationships. 50% 4,300 

Farm Deliveries Closure (Canal System) The difference between the total inflows and outflows for the Canal System Balance 20% 20,400 

Ir
ri

ga
te

d 
L

an
ds

 -
 A

pp
li

ed
 W

at
er

 

Inflow 

Farm Deliveries Closure (Canal System) The difference between the total inflows and outflows for the Canal System Balance 20% 20,400 

Private Pumping Calculation Based on efficiency estimate. 50% 2,300 

O
ut

fl
ow

 

ET of Applied Water Calculation 

CIMIS reference ET, Remote Sensing based crop coefficients, cropped area by crop 
(Association Records), IDC Model analysis to divide total ET into applied water and 
precipitation components 10% 11,600 

Tailwater Closure (Irrigated Land - Applied Water) 
The difference between the total inflows and outflows for the Irrigated Lands - Applied 
Water Balance 92% 4,900 

Deep Percolation of 
Applied Water Calculation IDC analysis and NRCS soil characteristics,  25% 6,300 
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ri
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 -
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Inflow Precipitation Measurement National Climatic Data Center (NCDC) Orland Station  20% 11,000 

O
ut

fl
ow

 

Deep Percolation of 
Precipitation Calculation Precipitation and IDC Model analysis 25% 3,400 

ET of Precipitation Calculation Precipitation and  IDC Model analysis 10% 5,700 

Runoff of 
Precipitation Calculation Precipitation and  IDC Model analysis 35% 1,800 

Change in Storage 
of Precipitation Closure (Irrigated Land - Precipitation) 

The difference between the total inflows and outflow for the Irrigated Lands - 
Precipitation Balance 3% 100 

1  Typical Annual Volume and Closure Uncertainty Estimated based on overall average irrigation season volume. Due to rounding inflows and outflows may not be exactly equal (see Tables 5.8 and 5.9 for detailed water balance results). 
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Table 5-2. Southside OUWUA Water Balance Flow Paths, Supporting Data, and Estimated Uncertainty. 

Accounting 
Center 

Flowpath 
Type 

Flowpath Source Supporting Data 
Estimated 

Uncertainty 
(%)1 

Typical 
Volume, AF 

C
an

al
 S

ys
te

m
 

Inflow 

Diversions Measurement Black Butte Daily Computation Spreadsheet 5% 59,600 

Precipitation Measurement National Climatic Data Center (NCDC) Orland Station  20% 30 

O
ut

fl
ow

 
Evaporation Calculation CIMIS reference ET, estimated evaporation coefficient, estimated wetted surface area 20% 300 

Seepage Calculation NRCS soils data, published seepage rates by soil type, estimated wetted area, estimated wetted duration 35% 7,000 

Spillage Measurement / Calculation 
Measured values for Town Spill (5/25/2005 - 12/31/2011) and Beck's Spill (4/2005 - 11/2006);  All others spills 
calculated based on daily observations adjusted based relationships developed at Town and Beck's Spill 50% 4,700 

TC Intertie Measurement SCADA measurement site 5% 4,700 

Spills to Farms Closure (Irrigated Lands - Applied Water) The difference between the total inflows and outflow for the Irrigated Lands - Applied Water Balance 145% 4,800 

Farm Deliveries Closure (Canal System) The difference between the total inflows and outflows for the Canal System Balance 12% 38,200 

Ir
ri

ga
te

d 
L

an
ds

 -
 A

pp
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 W

at
er

 

Inflow 

Farm Deliveries Closure (Canal System) The difference between the total inflows and outflows for the Canal System Balance 12% 38,200 

Spills to Farms Closure (Irrigated Lands - Applied Water) The difference between the total inflows and outflow for the Irrigated Lands - Applied Water Balance 50% 4,800 

Private Pumping Calculation Based on efficiency estimate. 50% 2,600 

O
ut

fl
ow

 

ET of Applied 
Water Calculation 

CIMIS reference ET, estimated crop coefficients based on published source, cropped area by crop (Association 
Records), IDC Model analysis to divide total ET into applied water and precipitation components 10% 22,900 

Tailwater Calculation IDC Model analysis 50% 5,800 

Tailwater from 
Spills Closure (Irrigated Land - Applied Water) The difference between the total inflows and outflow for the Irrigated Lands - Applied Water Balance 149% 4,800 

Deep Percolation of 
Applied Water Calculation IDC analysis and NRCS soil characteristics 25% 12,400 

Ir
ri

ga
te

d 
L

an
ds

 -
 P

re
ci

pi
ta

tio
n Inflow Precipitation Measurement National Climatic Data Center (NCDC) Orland Station  20% 21,500 

O
ut

fl
ow

 

Deep Percolation of 
Precipitation Calculation Precipitation and IDC Model analysis 25% 6,700 

ET of Precipitation Calculation Precipitation and  IDC Model analysis 10% 11,200 

Runoff of 
Precipitation Calculation Precipitation and  IDC Model analysis 35% 3,600 

Change in Storage 
of Precipitation Closure (Irrigated Land - Precipitation) The difference between the total inflows and outflow for the Irrigated Lands - Precipitation Balance 2% 100 

1  Typical Annual Volume and Closure Uncertainty Estimated based on overall average irrigation season volume. Due to rounding and changes in storage inflows and outflows may not be exactly equal (see Tables 5.8 and 5.9 for detailed water balance results). 
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5.5 WATER USES 

5.5.1 Agricultural 

Agricultural irrigation is an important water use in the service areas of the Project.  The local economy 
depends on the agricultural production in the area, including the growers themselves and the community 
as a whole.  

The primary use of water applied to agricultural crops is evaporation from the wetted soil surfaces, and 
transpiration from the plants.  Total consumptive use of applied water by the plant is considered the sum 
of the evaporation and transpiration components, termed Evapotranspiration (ET).  ET is calculated as a 
depth of water per acre of crop and varies by crop type and irrigation method.  Multiplying the crop water 
use by the total acreage that that crop occupies provides an estimate of the volume of water used.  
Therefore, to accurately estimate total water use for an area, it is important to gather cropping data.  Crop 
type and acreage is typically available from the water provider as recorded prior to each irrigation season. 

For this water management plan, cropping patterns were based on data reported by the Project.  Between 
2002 and 2016, there was an average of 20,020 acres of farmed land, including 6,720 acres on the North 
side of Stony Creek and 13,300 acres on South side.  This farmed land includes an average of 4,320 acres 
of fallow or idle lands, 1,330 and 2,990 acres on the North and South sides, respectively.  As indicated in 
Table 5-3 and 5-4, the dominant crop in the service areas is pasture (Figure 5-3 and 5-4), which was 
grown on an average of 3,085 acres (about 50% of the farmed area) on the North and 6,205 acres (about 
50% of farmed area) on the South side of Stony Creek.  Olives were grown on an average of 640 and 
1,525 acres on the North and South side, respectively.  The area recorded as fallow or idle includes 
orchard lands using groundwater and has been slowly increasing as land is converted to orchards. 

Crop consumptive use was computed using the traditional reference ET multiplied times a crop 
coefficient.  Improved crop coefficients that reflect water use reductions due to crop stressors were 
developed for the water balance update.  These crop coefficients were derived from actual ET (ETa) 
estimates from remotely sensed surface energy balance results from Surface Energy Balance Algorithm 
for Land (SEBAL) for 2009 (SNA, 2010).  Mapping evapotranspiration at high resolution with 
internalized calibration (METRIC) and SEBAL results account for effects of salinity, deficit irrigation, 
disease, poor plant stands, and other stress factors on crop ET.  Studies by Bastiaanssen, et al. (2005), 
Allen, et al. (2007), (Allen, et al. 2011), 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 OUWUA service area, growing season ET 
computed using the CIMIS reported reference evapotranspiration (ETo) and crop coefficients are provided 
in Table 5-5.  Maximum crop rooting depths were obtained from the Glenn County Farm Advisors office. 

The crop coefficients and rooting depths were used to parameterize the Integrated Water Flow Model 
Demand Calculator (IDC) version 2015.0.0042 (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 improving 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 for agricultural purposes. 
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Table 5-3. OUWUA Crop Acreages, 2002 to 2016. 

Crops 
Crop Acreage by Year 

Average 
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

North 

pasture 3,322  3,287  3,306  2,945  3,277  3,372  3,184  3,176  3,171  2,967  3,008  3,002  2,881  2,692  2,687      3,085  

idle* 1,044  1,007  1,236  1,561  1,220  1,047  1,116  1,267  1,193  1,275  1,280  1,392  1,690  1,706  1,900      1,329  

subtropical 723  672  735  662  608  605  603  636  658  675  699  688  609  559  475         640  

prunes 373  384  322  297  396  351  336  377  372  356  335  350  298  251  313         341  

grain 244  271  221  461  216  377  490  406  371  385  96  176  275  236  92         288  

alfalfa 363  413  231  204  308  307  256  291  383  228  218  214  181  235  422         284  

corn 224  360  442  261  380  353  432  351  219  470  242  65  83  97  112         273  

almonds 262  249  211  221  249  233  240  152  188  180  179  184  193  198  198         209  

misc field 48  6  6  38  0  22  0  0  64  30  529  506  367  584  334         169  
misc 
deciduous 

19  84  49  37  30  27  15  22  21  85  49  49  49  45  45           42  

walnuts 0  0  16  10  0  0  26  17  58  48  57  64  69  92  118           38  

misc truck 105  41  7  0  22  8  5  10  3  3  12  10  10  10  10           17  

pistachios 0  0  0  0  0  5  3  0  5  4  3  5  0  0  0             2  

Total Area 6,725  6,773  6,780    6,698    6,706   6,706  6,706    6,706   6,706  6,706  6,706  6,706  6,706  6,706  6,706       6,721  

*Includes lands using groundwater, predominately orchards. 
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Table 5-4. OUWUA Crop Acreages, 2002 to 2016. 

Crops 
Crop Acreage by Year 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Avg 
South 

pasture 6,591 6,828 6,677 6,633 6,655 6,544 6,570 6,292 6,277 6,283 6,090 5,766 5,123 5,384 5,363 6,205 
idle* 2,174 2,314 2,335 2,753 2,751 2,837 2,712 2,915 2,825 2,784 3,038 3,023 3,891 3,900 4,646 2,993 

subtropical 2,162 1,924 1,829 1,455 1,454 1,490 1,511 1,470 1,473 1,470 1,419 1,430 1,357 1,301 1,131 1,525 
almonds 678 705 724 720 758 526 538 560 522 551 533 483 452 333 746 588 
corn 597 482 585 137 486 605 698 624 665 825 213 456 282 439 190 486 
grain 146 697 480 572 172 177 110 161 293 46 158 209 556 186 229 279 
misc field 0 0 0 227 6 46 8 189 110 174 941 721 308 522 339 239 

walnuts 118 125 69 113 56 116 119 125 154 149 157 432 496 656 677 237 
alfalfa 254 187 132 142 279 195 256 224 252 287 194 209 255 258 194 221 

prunes 272 257 243 253 244 249 255 262 242 219 129 129 150 131 134 211 
misc truck 259.2 210.7 299.65 216.74 264.32 225.67 222.7 167.8 120.6 154.6 144.2 154.14 146.4 126.1 120.1 189 
misc 
deciduous 

103 92 101 64 82 128 136 107.5 126.5 111.5 98.5 95 92 54 59.5 97 

pistachios 35 24 25 34 38 37 37 34 37 37 37 37 37 37 37 35 

Total Area 13,388 13,844 13,499 13,320 13,243 13,174 13,172 13,131 13,097 13,090 13,151 13,144 13,144 13,324 13,863 13,306 
Total 20,114 20,617 20,278 20,017 19,948 19,880 19,878 19,836 19,803 19,796 19,857 19,850 19,850 20,030 20,569 20,021 

*Includes lands using groundwater, predominately orchards. 
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Figure 5-3. Northside Cropping, 2002 to 2016. 
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Figure 5-4. Southside Cropping, 2002 to 2016. 
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Table 5-5. Average Monthly Crop Coefficients 

Crop Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 

alfalfa 0.66 0.84 0.98 0.99 0.95 0.94 0.96 0.99 0.85 0.67 0.64 0.63 

almonds 0.56 0.80 0.95 0.96 0.86 0.82 0.90 0.92 0.80 0.62 0.57 0.52 

corn 0.49 0.80 0.95 0.97 0.84 0.53 0.57 0.79 0.84 0.69 0.58 0.45 

grain 0.47 0.80 0.95 0.98 0.93 0.87 0.86 0.80 0.57 0.29 0.23 0.24 

idle 0.47 0.80 0.95 0.96 0.86 0.70 0.57 0.47 0.31 0.15 0.17 0.23 

misc deciduous 0.56 0.80 0.95 0.96 0.86 0.82 0.90 0.92 0.80 0.62 0.57 0.52 

misc field 0.48 0.80 0.95 0.97 0.83 0.37 0.35 0.49 0.63 0.61 0.53 0.36 

misc truck 0.47 0.80 0.95 0.97 0.83 0.44 0.52 0.64 0.65 0.42 0.27 0.21 

pasture 0.61 0.81 0.95 0.96 0.86 0.78 0.83 0.81 0.72 0.58 0.57 0.57 

pistachios 0.55 0.80 0.95 0.97 0.82 0.27 0.42 0.69 0.65 0.53 0.54 0.54 

prunes 0.55 0.80 0.95 0.96 0.85 0.68 0.75 0.80 0.74 0.62 0.51 0.43 

subtropical 0.56 0.80 0.95 0.96 0.86 0.82 0.90 0.92 0.80 0.62 0.57 0.52 

walnuts 0.69 0.82 0.95 0.97 0.84 0.50 0.58 0.79 0.76 0.65 0.66 0.60 
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The consumptive use of water by crops in the project area ranges from approximately 18 inches of total 
crop ET for grain to approximately 40 inches for alfalfa (Table 5-6).  ETaw ranges from approximately 7 
inches to 28 inches by crop, on average, for the cropped area.  Average annual total crop ET for pasture, 
the primary crop, is 34 inches with approximately 24 inches derived from applied irrigation water.   

Total crop ET varied between approximately 30,800 AF and 37,000 AF on the Southside during the 2002 
to 2016 period, with an average annual volume of 34,100 AF.  On average, approximately 22,900 AF 
were derived from applied irrigation water (67%) and 11,200 AF were derived from precipitation (33%). 

Table 5-6. Average Acreages and Annual Evapotranspiration Rates for  
OUWUA Crops, 2002 to 2016. 

Crop Average Acres Average Evapotranspiration (in) 

ETpr ETaw ETc 

pasture 9,290 10.1 24.2 34.2 

idle 4,322 10.6 0.1 10.7 

subtropical 2,165 12.8 26.4 39.3 

almonds 797 12.0 27.3 39.4 

corn 758 8.9 24.0 32.9 

grain 567 11.4 7.1 18.5 

prunes 552 11.3 24.6 35.9 

alfalfa 505 12.1 27.7 39.8 

misc field 408 9.4 17.4 26.8 

walnuts 276 12.7 24.5 37.2 

misc truck 206 8.0 16.8 24.8 

misc deciduous 138 12.0 27.3 39.4 

pistachios 37 11.1 20.2 31.3 

 

On the Northside, total crop ET varied between approximately 16,300 AF and 18,900 AF during the 2002 
to 2016 period, with an average annual volume of 17,400 AF.  Approximately 11,600 AF were derived 
from applied irrigation water (67%) and 5,700 AF were derived from precipitation (33%).   

Other uses of applied irrigation water include leaching of salts and frost protection for orchards.  Due to 
the low salinity of OUWUA irrigation water, the required leaching fraction is small for the crops grown in 
the Project and has not been estimated as part of this Plan.  Additionally, water applied for frost 
protection, if any, is applied outside of the irrigation season and is not supplied by OUWUA and it has not 
been estimated at this time. 

5.5.2 Environmental 

A portion of the water diverted for irrigation becomes operational spillage and canal seepage which may 
benefit riparian areas, wetlands and ponds.  Additionally, OUWUA has completed several water 
conservation projects that have made water available for discretionary uses, which potentially could 
include increased in-stream flows in Stony Creek or other environmental benefits. 
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5.5.3 Recreational 

East Park Dam and Reservoir (on Little Stony Creek) and Stony Gorge Dam and Reservoir are Orland 
Project facilities owned by USBR and operated and maintained by OUWUA for storage of irrigation 
water.  The Project was authorized under the Reclamation Act of 1902 and recreational use was not 
considered, The Stony Gorge Dam has hydroelectric facilities that are owned and operated by the City of 
Santa Clara.  USBR manages recreation activities (campgrounds and boat launch facilities) and water 
sports at both reservoirs.  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 reservoir supports recreation 
activities.  

Although it is not owned or operated by OUWUA, Black Butte Lake and Dam provide additional 
recreational benefits in the Project vicinity during the year, and also provides OUWUA with additional 
temporary storage and regulating of diversions for irrigation through a 1964 Agreement with the USBR.  
The Agreement allows OUWUA to exchange CVP water stored in Black Butte Lake for Project water 
stored in Stony Gorge and East Park Reservoirs.  

The Black Butte facilities were constructed in the early 1960’s by the USACE for flood control purposes.  
In 1970, the facilities were incorporated into the CVP, and USBR took on the role of managing Orland 
Project deliveries and conservation of irrigation water for CVP uses without infringing on flood control 
capacities.  The USACE maintains overall operations and maintenance of the facilities.  All recreation 
facilities are owned and operated by the USACE. 

5.5.4 Municipal and Industrial 

OUWUA does not provide municipal or industrial water. 

5.5.5 Groundwater Recharge 

Groundwater recharge that occurs within OUWUA consists of seepage from OUWUA canals, and deep 
percolation of precipitation and applied irrigation water.  Also, water backed up at the Northside 
Diversion contributes significantly to groundwater recharge.  Distributed, passive recharge provides a 
means to replenish the North and South subbasins to the benefit of water users, communities within 
OUWUA, and surrounding areas that share the groundwater resource. 

Estimates of the passive recharge of irrigation water 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 applied irrigation water was calculated as the closure 
term of the farmed lands water balance accounting center.  Seepage and deep percolation volumes for the 
2002 to 2016 study period are provided in Tables 5-7 and 5-8, 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 2002 and 2016 on the Northside ranged from approximately 8,200 AF to 15,700 
AF per year, or from 1.2 AF to 2.3 AF per cropped acre per year.  On average, total recharge was 
estimated to be approximately 12,500 AF per year (1.9 AF/ac-yr), with approximately 23 percent of 
recharge originating from canal seepage, 27 percent of recharge originating from deep percolation of 
precipitation, and 50 percent of recharge originating from deep percolation of applied water.  Wet years 
averaged about 1,200 AF more total recharge than dry years. 
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Table 5-7. OUWUA Northside Total Groundwater Recharge, 2002 to 2016. 
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Total Recharge 

(ac-ft) 
(ac-

ft/ac) 
2002 D Dry 3,204 3,460 8,135 14,800 2.2 

2003 AN Wet 2,386 4,350 8,222 14,959 2.2 

2004 BN Dry 2,946 4,586 8,151 15,682 2.3 

2005 AN Wet 2,454 5,083 5,858 13,395 2.0 

2006 W Wet 2,723 5,145 6,282 14,150 2.1 

2007 D Dry 2,896 1,277 6,374 10,547 1.6 

2008 C Dry 3,162 2,853 7,304 13,318 2.0 

2009 D Dry 2,734 2,620 6,591 11,945 1.8 

2010 BN Dry 2,662 5,434 6,707 14,803 2.2 

2011 W Wet 2,478 3,714 4,967 11,159 1.7 

2012 BN Dry 2,688 3,127 6,795 12,610 1.9 

2013 D Dry 3,012 1,361 5,829 10,201 1.5 

2014 C Dry 2,745 3,262 4,563 10,569 1.6 

2015 C Dry 3,291 1,055 3,891 8,237 1.2 

2016 BN  Dry 2,831 3,919 4,691 11,440 1.7 

Wet Year Average 2,510 4,573 6,332 13,416 2.0 

Dry Year Average 2,924 2,996 6,275 12,196 1.8 

Overall Average 2,814 3,416 6,291 12,521 1.9 
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Table 5-8. OUWUA Southside Total Groundwater Recharge, 2002 to 2016. 
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Total Recharge 

(ac-ft) 
(ac-

ft/ac) 
2002 D Dry 7,959 6,764 15,870 30,594 2.3 

2003 AN Wet 5,961 8,804 15,742 30,507 2.2 

2004 BN Dry 7,317 9,192 15,819 32,328 2.4 

2005 AN Wet 6,179 10,407 12,179 28,765 2.2 

2006 W Wet 6,799 10,131 11,984 28,914 2.2 

2007 D Dry 7,227 2,356 11,836 21,418 1.6 

2008 C Dry 7,002 5,588 14,352 26,942 2.0 

2009 D Dry 6,827 5,097 12,630 24,553 1.9 

2010 BN Dry 6,617 10,614 12,970 30,200 2.3 

2011 W Wet 6,207 7,287 9,971 23,465 1.8 

2012 BN Dry 6,853 6,035 12,550 25,438 1.9 

2013 D Dry 8,245 2,615 11,400 22,260 1.7 

2014 C Dry 6,817 6,229 8,259 21,305 1.6 

2015 C Dry 8,173 2,010 7,595 17,778 1.3 

2016 BN  Dry 7,031 7,893 8,578 23,502 1.7 

Wet Year Average 6,286 9,158 12,469 27,913 2.1 

Dry Year Average 7,279 5,854 11,987 25,120 1.9 

Overall Average 7,014 6,735 12,116 25,865 1.9 

 

Similarly, on the Southside, total recharge ranged from approximately 17,800 AF to 32,300 AF per year, 
or from 1.3 AF to 2.4 AF per cropped acre per year.  On average, total recharge was estimated to be 
approximately 25,900 AF per year (1.9 AF/ac-yr), with approximately 27 percent of recharge originating 
from canal seepage, 26 percent of recharge originating from deep percolation of precipitation, and 47 
percent of recharge originating from deep percolation of applied water.   

 

5.5.6 Transfers and Exchanges 

As explained in section 2.8.5, OUWUA currently does not engage in any water transfers or exchanges. 
However, OUWUA is currently working with USBR to obtain title to all Orland Project facilities, 
including all water rights.  Once OUWUA acquires title, it will have the ability to engage in water 
transfers and sales and realize any gains or profits rather than remitting these to USBR.  Further, 
OUWUA is negotiating with USBR to have the ability to engage in water transfers and sales and realize 
gains or profits, on an interim basis--to assist OUWUA with the costs associated with title transfer and for 
future system upgrades. 
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5.5.7 Other Water Uses 

Other incidental uses of water within OUWUA may include watering of roads for dust abatement, 
agricultural spraying, well drilling operations and stock watering by OUWUA 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 
WMP. 

5.6 WATER ACCOUNTING (SUMMARY OF WATER BALANCE RESULTS) 

The OUWUA Northside and Southside service area water balance structures were shown previously in 
Figures 5-1 and 5-2.  The water balance was prepared for two accounting centers:  (1) the OUWUA canal 
system and (2) irrigated lands with the service area.  An accounting center representing the groundwater 
system is also included in Figures 5-1 and 5-2 to account for exchanges between the vadose zone and the 
aquifers underlying OUWUA service areas; 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 the calendar year for each accounting center for the Northside and Southside are provided in 
Tables 5-9 and 5-10. 

The water balance is presented on an annual (calendar year) time step.  Underlying the annual time step is 
a more detailed water balance in which all flow paths are determined on a monthly or more frequent time 
step.  

5.6.1 Distribution Canals 

Over the 2002 to 2016 period, the Project’s canal system on the Northside had total diversions ranging 
from approximately 22,800 AF to 34,700 AF for the calendar year with wet and dry year averages of 
24,500 and 28,700 AF, respectively.  The overall average for the ten year period was 27,600 AF.  
Diversions are greater in dry years due to increased evaporative demands and reduced precipitation to 
support crop ET.  Precipitation falling into the canal system is insignificant averaging 12 AF. 

Over the 2002 to 2016 period, the Association canal system on the Southside had total diversion ranging 
from approximately 36,200 AF to 73,500 AF for the calendar year with wet years averaging about 58,800 
AF and dry years averaging about 58,100 AF.  The overall average for the ten year period was about 
59,600 AF.   

The objectives of OUWUA’s water operations are to meet demands for farm irrigation.  Comparing total 
deliveries to meet irrigation demand to total water supply, net of precipitation (which is small and 
essentially impossible to manage for), a Delivery Fraction (DF) may be calculated to provide an indicator 
of canal system performance.  The DF is calculated on an annual (i.e., irrigation season) basis by dividing 
total deliveries to meet irrigation demands by total supply, net of precipitation.  For OUWUA, the DF 
ranged from 0.64 to 0.77 between 2002 and 2016 with an average of 0.70 in the Southside service area.  
In the Northside, the DF ranged from 0.69 to 0.86 with an average of 0.74. 
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Table 5-9. OUWUA Northside Annual Water Balance Results in AF, 2002 to 2016. 

Year 

Canal System Irrigated Lands (AW)   Irrigated Lands (PR) 
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2002 Dry 34,667 3 142 3,204 6,587 24,737 24,737 3,198 13,323 5,672 8,135 805 9,684 3,460 5,074 1,868 -718 

2003 Wet 24,169 4 108 2,386 4,587 17,092 17,092 3,819 10,735 3,002 8,222 -1,047 14,612 4,350 7,019 2,274 968 

2004 Dry 29,153 8 133 2,946 5,539 20,543 20,543 1,999 12,505 2,418 8,151 -532 12,955 4,586 5,781 2,163 425 

2005 Wet 24,107 15 122 2,454 4,580 16,967 16,967 2,076 8,702 4,823 5,858 -340 16,326 5,083 7,717 2,881 645 

2006 Wet 29,023 21 130 2,723 4,884 21,305 21,305 1,110 10,162 5,763 6,282 208 12,836 5,145 6,958 2,087 -1,354 

2007 Dry 31,086 13 142 2,896 5,741 22,320 22,320 2,333 14,259 4,379 6,374 -359 6,298 1,277 4,641 472 -91 

2008 Dry 33,699 4 142 3,162 6,366 24,033 24,033 2,012 13,536 4,997 7,304 209 9,081 2,853 4,651 1,812 -235 

2009 Dry 25,321 21 158 2,734 1,945 20,505 20,505 3,533 12,864 5,192 6,591 -610 10,807 2,620 5,175 2,139 873 

2010 Dry 22,835 25 132 2,662 4,339 15,727 15,727 2,742 10,105 2,235 6,707 -577 15,607 5,434 6,314 2,451 1,408 

2011 Wet 20,877 17 117 2,478 3,967 14,333 14,333 1,847 9,173 1,970 4,967 70 10,545 3,714 7,453 1,136 -1,759 

2012 Dry 30,186 3 125 2,688 6,096 21,279 21,279 3,428 12,332 5,718 6,795 -138 12,081 3,127 5,081 2,153 1,720 

2013 Dry 29,676 10 148 3,012 4,888 21,638 21,638 1,959 13,659 3,557 5,829 552 3,364 1,361 4,225 370 -2,591 

2014 Dry 22,744 7 127 2,745 1,015 18,866 18,866 2,080 11,591 5,544 4,563 -753 13,115 3,262 4,720 2,759 2,375 

2015 Dry 31,336 6 146 3,291 1,061 26,844 26,844 820 12,091 10,759 3,891 923 5,013 1,055 4,573 633 -1,248 

2016 Dry 25,174 16 125 2,831 2,234 20,000 20,000 1,531 9,702 7,727 4,691 -589 12,797 3,919 6,648 1,398 832 

Minimum 20,877 3 108 2,386 1,015 14,333 14,333 820 8,702 1,970 3,891 -1,047 3,364 1,055 4,225 370 -2,591 

Maximum 34,667 25 158 3,291 6,587 26,844 26,844 3,819 14,259 10,759 8,222 923 16,326 5,434 7,717 2,881 2,375 

Dry Year Average 28,716 11 138 2,924 4,165 21,499 21,499 2,330 12,361 5,291 6,275 -97 10,073 2,996 5,171 1,656 250 

Wet Year Average 24,544 14 119 2,510 4,504 17,424 17,424 2,213 9,693 3,889 6,332 -278 13,579 4,573 7,287 2,095 -375 

Overall Average 27,604 12 133 2,814 4,255 20,413 20,413 2,299 11,649 4,917 6,291 -145 11,008 3,416 5,735 1,773 83 
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Table 5-10. OUWUA Southside Annual Water Balance Results in AF, 2002 to 2016 

Year 

Canal System Irrigated Lands (AW)   Irrigated Lands (PR) 
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2002 Dry 72,155 1,384 8 361 7,959 8,986 6,438 2,694 47,110 47,110 4,698 26,993 7,716 2,694 15,870 1,228 19,279 6,764 9,974 3,637 -1,096 

2003 Wet 59,994 1,002 11 274 5,961 6,165 5,064 6,330 37,213 37,213 3,295 20,937 6,006 6,330 15,742 -2,177 29,869 8,804 14,427 4,618 2,019 

2004 Dry 66,926 1,799 20 339 7,317 6,544 5,264 3,612 45,670 45,670 877 24,872 6,932 3,612 15,819 -1,077 25,794 9,192 11,547 4,173 882 

2005 Wet 57,124 1,180 39 310 6,179 5,701 5,476 5,800 34,878 34,878 0 18,264 5,087 5,800 12,179 -651 32,467 10,407 15,327 5,485 1,247 

2006 Wet 59,078 1,884 52 331 6,799 5,070 6,807 5,168 36,841 36,841 851 19,690 5,582 5,168 11,984 435 25,349 10,131 13,722 4,137 -2,642 

2007 Dry 64,330 1,948 34 362 7,227 7,208 5,481 4,360 41,675 41,675 2,761 26,753 6,653 4,360 11,836 -805 12,373 2,356 9,132 983 -98 

2008 Dry 69,761 2,134 11 361 7,002 7,666 5,690 5,007 46,180 46,180 2,590 26,730 7,315 5,007 14,352 373 17,837 5,588 9,068 3,585 -403 

2009 Dry 53,566 1,238 124 415 6,827 2,286 3,894 2,678 38,828 38,828 3,931 24,913 6,379 2,678 12,630 -1,163 21,162 5,097 10,163 4,234 1,669 

2010 Dry 57,237 1,876 63 336 6,617 3,668 6,203 7,634 34,720 34,720 2,036 19,361 5,502 7,634 12,970 -1,077 30,484 10,614 12,260 4,964 2,646 

2011 Wet 53,526 1,555 44 297 6,207 4,060 6,438 6,218 31,904 31,904 1,567 18,316 5,037 6,218 9,971 147 20,584 7,287 14,449 2,247 -3,399 

2012 Dry 59,716 1,833 6 317 6,853 3,263 3,107 10,750 37,266 37,266 3,978 22,929 6,042 10,750 12,550 -277 23,694 6,035 10,001 4,318 3,341 

2013 Dry 57,160 2,184 26 377 8,245 2,027 2,857 2,220 43,645 43,645 1,709 26,225 6,666 2,220 11,400 1,063 6,594 2,615 8,294 737 -5,053 

2014 Dry 35,722 456 19 322 6,817 1,055 1,793 1,787 24,423 24,423 6,819 21,459 2,920 1,787 8,259 -1,396 25,707 6,229 9,355 5,495 4,628 

2015 Dry 48,286 0 15 371 8,173 1,447 1,084 2,881 34,344 34,344 1,895 23,405 3,462 2,881 7,595 1,777 9,960 2,010 9,148 1,266 -2,465 

2016 Dry 39,189 357 39 317 7,031 976 2,031 847 28,384 28,384 0 18,354 2,560 847 8,578 -1,108 26,456 7,893 13,921 2,981 1,661 

Minimum 35,722 0 6 274 5,961 1,055 1,084 1,787 24,423 24,423 0 18,264 2,920 1,787 7,595 -2,177 6,594 2,010 8,294 737 -5,053 

Maximum 72,155 2,184 124 415 8,245 8,986 6,807 10,750 47,110 47,110 6,819 26,993 7,716 10,750 15,870 1,777 32,467 10,614 15,327 5,495 4,628 

Dry Year Average 56,732 1,383 33 352 7,279 4,102 3,986 4,043 38,386 38,386 2,845 23,818 5,650 4,043 11,987 -224 19,940 5,854 10,260 3,307 519 

Wet Year Average 57,430 1,405 36 303 6,286 5,249 5,946 5,879 35,209 35,209 1,428 19,302 5,428 5,879 12,469 -562 27,067 9,158 14,481 4,122 -694 

Overall Average 58,184 1,462 34 341 7,013 4,653 4,685 4,796 38,193 38,193 2,643 22,918 5,807 4,796 12,368 -257 21,511 6,652 11,205 3,563 91 
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Losses from the distribution system include seepage, spillage, and evaporation.  Of the three loss types, 
only evaporation losses are non-recoverable as seepage recharges the underlying groundwater system and 
spillage is available for use by downstream water users.  Between 2002 and 2016, on the Northside, 
seepage ranged between 2,400 and 3,300 AF with an average of 2,800 AF for the calendar year.  Seepage 
ranged between 5,900 and 8,200 AF with an average of 7,000 AF for the calendar year on the Southside.   

Northside spillage varied from 1,000 AF to 6,600 AF between 2002 and 2016 with an average of 4,250 
AF per year.  Spillage on the Southside varied from 1,100 AF to 9,000 AF between 2002 and 2016 with 
an average of 4,700 AF per year.  Evaporation losses are relatively small and constant over time.  
Variations from irrigation season to irrigation season result primarily from differences in season length 
and evaporative demand (i.e., weather) over time.  Between 2002 and 2016, evaporation losses varied 
from 100 AF to 400 AF with losses higher on the Southside due to the longer canal system having a 
greater surface area.  The average evaporation losses were approximately 130 AF and 340 AF in the 
North and South side, respectively in losses per year. 

Comparing total inflows to the OUWUA canal system, net of precipitation, to total outflows to meet 
agronomic, transfer, and environmental demands plus recoverable losses to seepage and spillage, a Water 
Management Fraction (WMF) may be calculated at the water supplier scale.  Over the period from 2002 
to 2016, this fraction was consistently between 0.99 and 1.00, indicating that essentially all of OUWUA’s 
water supply is used to meet agronomic, transfer, and environmental demands or is recoverable by down 
gradient surface water and groundwater users. 

5.6.2 Irrigated Lands 

Over the 2002 to 2016 period, OUWUA Northside farm deliveries ranged from 14,300 AF to 26,800 AF 
for the calendar year with a wet year average of 17,000 AF and a dry year average of 21,500 AF.  The 
overall average for the ten year period was 20,400 AF.  Southside farm deliveries ranged from 24,400 to 
47,100 AF with a wet year average of 35,200 AF and a dry year average of 38,400 AF.  The overall 
average for the ten year period in the south was 38,200 AF. 

The objective of irrigation is to meet crop consumptive demand (ETaw), along with any other agronomic 
on-farm water needs.  Comparing total applied irrigation water to ETaw, a Crop Consumptive Use 
Fraction (CCUF) may be calculated to provide an indicator of on-farm irrigation performance.  The 
CCUF is calculated on an annual basis by dividing total ETaw by total applied irrigation water.  For 
OUWUA Northside irrigated lands, the calendar year CCUF ranged from 0.44 to 0.58 between 2002 and 
2016 with an average of 0.51.  The CCUF has been similar in wet and dry years.  For OUWUA Southside 
irrigated lands, the calendar year CCUF ranged from 0.52 to 0.69 between 2002 and 2016 with an average 
of 0.56.  The CCUF has been higher in dry years, with an average of 0.58 versus 0.53 in wet years. 

Losses from the farmed lands include tailwater and deep percolation of applied water.  All of the losses 
are recoverable, as tailwater may be used downstream for irrigation or other purposes, and deep 
percolation of applied water recharges the underlying groundwater system.  Deep percolation of applied 
water varied from 4,000 AF to 8,200 AF between 2002 and 2016 with an average of 6,300. AF per year 
on the Northside.  Deep percolation of applied water on the Southside varied from 7,600 AF to 15,900 AF 
between 2002 and 2016 with an average of 12,400 AF per year on the Southside.  Deep percolation losses 
were about the same in wet and dry years. Annual fluctuations in deep percolation estimates result from 
differences in rainfall patterns and resulting applied water demands, as well as from uncertainty in the 
flow paths used to calculate the deep percolation amount.  Due to the relatively large uncertainty (greater 
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than 50%, see Tables 5-1 and 5-2) in the deep percolation of applied water estimate, it is difficult to 
identify clear trends resulting from changes in hydrology or other factors over time.  Moving forward, the 
confidence with which deep percolation of applied water can be estimated will improve as measurement 
accuracy improves. 

5.7 WATER SUPPLY RELIABILITY 

OUWUA requires a firm water supply to meet crop irrigation demand.  The primary crops grown in 
OUWUA, pasture and orchard, are needed as a food supply and serve as a primary economic driver of the 
area.  The reliability of OUWUA’s water supplies is discussed in Sections 2.2 and 2.3. 
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6. CLIMATE CHANGE 

6.1 INTRODUCTION 

Climate change has the potential to directly impact the Association’s surface water supply and to 
indirectly impact groundwater supplies.  OUWUA is committed to adapting to climate change in a 
manner that protects the water resources for the maximum benefit of the local economy while continuing 
to maintain a reliable, affordable, high quality water supply for agriculture.  This chapter includes a 
discussion of the potential effects of climate change on the Association 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 OUWUA water supply, Stony Creek 
watershed, experiences little snow with winter runoff occurring almost immediately after precipitation 
and thus, reduced snowpack and related runoff timing issues will not significantly impact OUWUA water 
supply. The OUWUA 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 Association’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 Association.  Changes in precipitation, temperature, and 
atmospheric CO2 affect crop 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 Reclamation released a report entitled West-Wide Climate Risk Assessment 
(WWCRA) describing 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 OUWUA’s service area falls within Planning Unit 503 (PU503). 
This section describes potential effects on crop ET for PU503 based on the 2015 study, while impacts on 
NIWR are described in Section 6.4, below. 



2017 OUWUA 
AGRICULTURAL WATER   CLIMATE 
MANAGEMENT PLAN  CHANGE 

Final 6-2  April 2017 

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 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 temperatures that influence the timing and speed of crop growth are 
included in the analysis.  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-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 (2040-2069) and 2080’s (2070-2099). 

Average air temperature in PU503 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 2.3 deg. F during the 
2020’s period, 2.5 to 4.1 deg. F during the 2050’s period, and 3.6 to 6.2 deg. F during the 2080’s period. 
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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 PU503 are shown in Figure 6-2. Under wetter conditions increases in precipitation of 7.9 to 17.1 
percent between the 2020’s and the 2080’s are predicted, while under drier conditions, decreases in 
precipitation of 5.3 to 12.0 percent between the 2020’s and the 2080’s are predicted.  The central 
tendency results in a predicted a slight decrease in precipitation of 0.4 to a 1.3 percent increase between 
the 2020’s and the 2080’s.  

 

Figure 6-2.  WWCRA Projected Precipitation Change. 
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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 
1.7 to 3.2 percent during the 2020’s period, 3.4 to 5.6 percent during the 2050’s period, and 4.8 to 8.4 
percent during the 2080’s period. Projected actual ET changes range from 1.1 to 2.3 percent during the 
2020’s period, 2.4 to 3.2 percent during the 2050’s period, and 2.9 to 4.2 percent during the 2080’s 
period.   

 

Figure 6-3. WWCRA Projected Reference ET Change.  
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Figure 6-4. WWCRA Projected ET Change Assuming Non-Static Phenology.  
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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 increases expected, crop growing seasons are expected to be shorter, which is 
accounted for in non-static phenology by using growing degree day accumulations to drive crop 
development and associated crop coefficients. There is less projected impact on actual ET with non-static 
phenology than when static phenology is assumed. If static 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 Associations’ 
flexibility in storing and delivering water is constrained by several factors including but not limited to 
runoff in the watershed, available storage in reservoirs, and minimum instream flow requirements. Since 
the Stony Creek storage system does not rely on snowpack and the average projected change in 
precipitation of the five scenarios discussed is a small increase, average total inflows to storage reservoirs 
in the future would most likely remain about the same with some increase in variability.  Thus, due to the 
estimated increased variability in precipitation, the reliability of surface water supplies may decrease 
slightly. 

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 Association’s service 
areas.  Increased water temperature could result in additional challenges to the Association 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, as 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 1.7 to 3.2 
percent during the 2020’s period, 3.4 to 5.6 percent during the 2050’s period, and 4.8 to 8.4 percent 
during the 2080’s period. Projected NIWR are based on non-static crop phenology for annual crops.  

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 
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further information, please refer to the West-Wide Climate Risk Assessment: Irrigation Demand and 
Reservoir Evaporation Projections (USBR 2015).  

 

 

Figure 6-5. WWCRA Projected Net Irrigation Water Requirement Change Assuming Non-Static 
Phenology. 

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 Association will 
mitigate climate change impacts with this uncertainty in mind through an adaptive management approach 
in cooperation with other regional stakeholders, municipalities within the Association, 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 OUWUA in some form to 
meet local and regional water management objectives and will continue to serve the Association well as 
climate change impacts occur.   

Resource strategies that are being implemented or could be implemented by OUWUA 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 Status 

California 
Water Plan 

(DWR 
2010a and 

2014) 

Reduce water 
demand 

The Association is implementing all technically feasible, locally cost-
effective EWMPs identified by SBx7-7 to achieve water use efficiency 
improvements in the Association’s operations and to encourage water 
management improvements by the member units. 

Improve operational 
efficiency and 

transfers 

As described above and elsewhere in this AWMP, the Association is 
implementing improvements to increase operational efficiency of its 
irrigation facilities.   

Increase water 
supply 

OUWUA has increased available water supply through recycling and reuse 
of drainage water.  In the future, the Association 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. 

Improve water 
quality 

OUWUA will continue to monitor surface water quality. 

Practice resource 
stewardship 

OUWUA intrinsically supports the stewardship of agricultural lands within 
and surrounding its service area through its irrigation operations and 
resulting groundwater recharge. The Association works to maintain 
agricultural water supply as well as meet municipal and industrial water use 
for surrounding areas through groundwater recharge. 

Improve flood 
management 

Irrigation and drainage systems provide a passive system to collect and 
convey winter runoff.  If runoff characteristics change substantially within 
the Association in the future, modifications to the irrigation and/or drainage 
system to increase capacity or mitigate other impacts will be considered. 

Other strategies 

Other strategies include crop idling, irrigated land retirement, and rainfed 
agriculture.  Under severely reduced water supplies, the Association could 
consider these strategies.  Such actions are beyond the purview of OUWUA, 
and it is anticipated that climate change impacts will be mitigated through 
the other strategies described. 

California 
Climate 

Adaptation 
Strategy 
(CNRA 
2009) 

Aggressively 
increase water use 

efficiency 

Described above under "Reduced water demand" and "Improve operational 
efficiency and transfers." 

Practice and 
promote integrated 
flood management 

Described above under "Improve flood management." 

Enhance and sustain 
ecosystems 

Described above under "Enhance and sustain ecosystems." 

Expand water 
storage and 
conjunctive 
management 

Described above under "Increase water supply." 

Fix Delta water 
supply 

Not applicable to OUWUA. 

Preserve, upgrade, 
and increase 

monitoring, data 
analysis, and 
management 

The amount of information and analysis available to support the 
Association's water management is extensive and continues to increase 
substantially.  Additionally, OUWUA’s water balance analysis has been 
updated to inform near- and long-term water management decisions. 

Plan for and adapt to 
sea level rise 

Projections indicate that sea levels could rise by 2 to 5 feet by 2100.  Direct 
impacts to OUWUA 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/. 

 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 OUWUA 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 
Efficient Water Management Practices (EWMPs) described in California Water Code (CWC) §10608.48 
(listed previously in Section 1.2).  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).  

Recognizing the critical importance of efficient water management and planning, OUWUA has prepared 
this section (and this Plan) according to California’s Water Conservation Act of 2009 (SBx7-7). Since 
OUWUA is an agricultural water supplier serving between 10,000 and 25,000 irrigated acres, the 
Association is not required to implement “critical” or “conditional” EWMPs unless adequate funding is 
provided (CCR §597.1 (e) and §10608.48 (c)(1)) under SBx7-7. 

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.  OUWUA has implemented the 
delivery measurement accuracy EWMP and volumetric pricing.   

OUWUA has been implementing and plans to continue implementing all additional EWMPs that are 
technically feasible and locally cost effective. The Association is actively seeking additional funds to 
continue implementing EWMPs. Table 7-1 describes each EWMP and summarizes OUWUA’s 
implementation status. 

7.2 MANDATORY EWMPS  

Two mandatory EWMPs for all water suppliers are included in the Code.  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.  OUWUA is implementing all 
mandatory EWMPs.  Each one is discussed in greater detail in the following sections. 
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Table 7-1.  Summary of Critical and Conditional EWMPs Water Code Sections 10608.48 b &c) 

Water Code 
Reference No. 

EWMP Description 
Implementation 

Status 
AWMP 
Section 

Critical (i.e., Mandatory) Efficient Water Management Practices 

10608.48.b(1)  Measure the volume of water delivered to customers with sufficient accuracy. Being Implemented  7.2.1 
10608.48.b(2) Adopt a pricing structure based at least in part on quantity delivered. Being Implemented  7.2.2 

Additional (i.e., Conditional) Efficient Water Management Practices 

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  7.3.1 

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. 

Not Technically 
Feasible  7.3.2 

10608.48.c(3) Facilitate financing of capital improvements for on-farm irrigation systems. Being Implemented  7.3.3 

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 

 7.3.4 

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 
 7.3.5 

10608.48.c(6) 
Increase flexibility in water ordering by, and delivery to, water customers within 
operational limits. 

Being Implemented 
7.3.6 

10608.48.c(7) Construct and operate supplier spill and tailwater recovery systems. Being Implemented 7.3.7 

10608.48.c(8) 
Increase planned conjunctive use of surface water and groundwater within the 
supplier service area. 

Being Implemented 
7.3.9 

10608.48.c(9) Automate canal control structures. Being Implemented 7.3.10 
10608.48.c(10) Facilitate or promote customer pump testing and evaluation. Being Implemented 7.3.11 
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Table 7-1.  Summary of Critical and Conditional EWMPs Water Code Sections 10608.48 b &c) 

Water Code 
Reference No. 

EWMP Description 
Implementation 

Status 
AWMP 
Section 

10608.48.c(11) 
Designate a water conservation coordinator who will develop and implement the 
water management plan and prepare progress report. 

Being Implemented 
7.3.12 

10608.48.c(12) Provide for the availability of water management services to water users.   Being Implemented 7.3.13 

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 
7.3.15 

10608.48.c(14) Evaluate and improve the efficiencies of the supplier's pumps. 
Not Technically 

Feasible 7.3.16 
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7.2.1 Delivery Measurement Accuracy ( 10608.48.b(1)) 

STATUS:  IMPLEMENTING  

OUWUA is currently implementing water measurement at many farm deliveries and lateral headings 
throughout the service area.  Thirteen deliveries to an area totaling 1,249 acres are measured with either 
propeller meters or electronic magnetic flow meters.  Deliveries to individual growers or parcels occur on 
a rotational basis and are typically made through structures installed in the channel embankment, called 
“turnouts”.  Grower turnouts typically consist of either a 36” wide concrete structure with an adjustable 
wooden slide gate, or a 24” diameter orifice gate with a short length of pipe attached downstream.  The 
water level in the main canal is increased at the site of the delivery gates by manipulating a check 
structure in the main canal, downstream of the delivery point.  The increased water level allows water to 
flow through the turnout and on to the grower’s field.  The combination of water level and gate opening 
determines the delivered flow rate.  

The OUWUA ditch tenders operate with two basic flow rates, known as “heads,” of 12 cubic feet per 
second (CFS) and 15 CFS.  These represent the gross water order for each delivery.  Growers are charged 
a standard 10 and 12 CFS for a 12 CFS and 15 CFS head, respectively independent of turnout location on 
the distribution system.  The 2 CFS and 3 CFS differences between the head size and the amount charged 
allow for estimated seepage and spillage losses that occur in the distribution system from the diversion 
point to the delivery point.  All OUWUA beats follow this general pattern of operation.  

In sublaterals, one delivery head is typically rotated between all growers on that lateral, one at a time.  
This single delivery head is measured at the sublateral heading using automated Rubicon FlumeGates, 
Rubicon SlipMeters, Rectangular weirs, or Cipolletti weirs.  All of these devices are capable of providing 
measurement accuracy better than 5 percent7.  To accurately quantify the number of these measurement 
devices existing in the Association, a complete water measurement structure inventory was completed as 
part of this Plan and is summarized in Table 7-2. 

Table 7-2. Summary of Measurement Methods and Number of Sites. 
Measurement Method Quantity 
Cipolletti Weir 28 
Rectangular Weir 7 

Parshall Flume 4 
Rubicon FlumeGate 7 
Rubicon SlipMeter 1 
SonTek IQ Acoustic Doppler Flowmeter 2 

 

Delivery durations, based on the head size and irrigated acreage, vary from approximately 0.5 to 24 hours.  
Ditch tenders record the start and stop times of each delivery when they open or close the gate, or, if the 
grower makes the change, rely on communication with the grower to determine the start and stop times.  
Multiplying the flow rate by the duration provides a total delivered volume.  On average, water is moved 
from user to user 15 times each day with the movement of water handled by the users themselves about 

                                                      
7 According to manufacturer literature, FlumeGate accuracy is ±5%, SlipMeter is ±2.5%. USBR Water 
Measurement Manual, 3rd Edition (2001) indicates standard Cipolletti weirs and rectangular weirs are ±5% accurate.  
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95 percent of the time.  Nighttime operations are usually limited to handing water from one user to the 
next.   

Each grower has been assigned one of the two flow rates the OUWUA provides based on their sublateral.  
The duration for their irrigation turn is then computed based on the irrigated area.  Water delivered to the 
grower is generally not measured at the turnout due to low differential heads across delivery gates.  Ditch 
tenders utilize standard measurement devices installed at the head of the delivery lateral or sublateral to 
measure a single head that is delivered to a single grower downstream.  This head is rotated from one 
grower to the next.  In situations where the lateral or sublateral conveys multiple heads, operators 
effectively split the lateral into separate reaches and use intermediate standard measuring devices or 
portable measuring weirs to accurately divide multiple heads into single delivery heads.  The operator 
uses these standard measuring devices and water control structures to pass one head to the lower reach for 
rotation while retaining one head for distribution within the reach.  Calibrated tables specific to each type 
of standard device are used to accurately determine passing flow rate.   

Many of the measurement structures in the distribution system were constructed to USBR standards and 
corresponding rating tables are derived from USBR-approved equations and methods.  Ditch tenders have 
been trained in the nuances of flow measurement, and are aware of factors that might influence the use of 
the calibrated tables or staff gages.  Table 7-3 provides a list of measurement devices and how they meet 
the USBR criteria for “standard structures”. 

The ditch tenders use both permanent measurement infrastructure and portable devices to directly and 
indirectly calculate the flow rate being delivered to growers.  Permanent measurement devices include: 

(1) Rubicon FlumeGates 
(2) Parshall Flumes 
(3) Rectangular weirs 
(4) Cipolletti Weirs  
(5) Acoustic Doppler meters (SonTek, Mace, etc) 
(6) Propeller meters 
(7) On-farm propeller meters 

 
Portable measurements of flow are accomplished using portable Cipolletti weirs.  
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Table 7-3. Summary of OUWUA Standard Devices. 

Measuring 
Device 

Criteria for a "Standard" Measuring Device 

Calibration Construction Installation Maintenance 

Rubicon 
FlumeGate 

Factory calibrated N/A 
Measurement equation(s) 
revised based on as-built 

conditions 

Preventative annual 
maintenance 

Parshall Flume 
Flow determined 
using calibrated 

tables 

Constructed by 
USBR to Federal 

Standards 

Measurement equation(s) 
revised based on as-built 

conditions 

Preventative annual 
maintenance 

Cipolletti Weir 

Flow determined 
using tables 

calibrated for 
approach velocity 

and weir width 

Constructed by 
USBR to Federal 

Standards 

Measurement equation(s) 
revised based on as-built 

conditions 

Preventative annual 
maintenance 

Portable 
Cipolletti Weir 

Flow determined 
using tables 

calibrated for 
approach velocity 

and weir width 

Fabricated by 
OUWUA to 

Federal 
Standards 

Correct portable weir 
installation maintained by 

board slots in check 
structures 

Preventative annual 
maintenance 

Rectangular 
Weir 

Flow determined 
using calibrated 
tables and staff 

gages 

Constructed by 
USBR to Federal 

Standards 

Measurement revised 
based on as-built 

conditions 

Preventative annual 
maintenance to 

maintain consistent 
cross section and 

crest. 

Propeller Meter Factory calibrated N/A 
Measurement revised 

based on as-built 
conditions 

Preventative annual 
maintenance. 

Periodic check for 
debris accumulation 

 
Typically, each lateral or sublateral heading has one of the aforementioned permanent measurement 
devices installed near the head gate to measure total inflow.  Where possible, the measuring device is 
located upstream of any deliveries.  All of these flow measurement devices are capable of providing less 
than or equal to 5 percent error in measurement (Table 7-4) should all installation, operation and 
maintenance requirements be fulfilled.  

For single head ditches where the head will be passed to one grower at a time, this inflow measurement is 
assumed sufficient for delivery flow measurement.  For multi-head ditches, operators split the lateral into 
reaches at locations of additional permanent measurement devices, or install a portable Cipolletti weir 
into the board slots of the check structure just downstream of the current delivery.  The grower’s gate is 
adjusted until the operator verifies (using the measuring device) that the heads are being accurately split; 
this process is repeated as the rotation continues.  For multi-head ditches, the delivered flow rate in the 
upstream reach will be calculated by subtracting the passing flow rate from the total inflow.  Although, 
measurement at the device is considered to be accurate, the delivered flow rate may vary from delivery to 
delivery based on the universal use of averaged loss factors and the non-uniformity of system loss 
between and within laterals.  Unexpected fluctuations in water level may also change delivery flow rates. 

 

 



2017 OUWUA 
AGRICULTURAL WATER   EFFICIENT WATER 
MANAGEMENT PLAN  MANAGEMENT PRACTICES 

Final 7-7  April 2017 

Table 7-4. Accuracy of OUWUA Standard Measuring Devices. 

Standard Measuring 
Device 

Typical 
Error* Reference 

Rubicon FlumeGate ±5% (1)Rubicon Water 

Rubicon SlipMeter ±2.5% (1)Rubicon Water 

Parshall Flume ±3% to ±5% (2)USBR Water Measurement Manual, 3rd Edition, Sect. 8-14 

Cipolletti Weir ±5% (2) USBR Water Measurement Manual, 3rd Edition, Sect. 7-16 
Portable Cipolletti 
Weir ±5% 

(2)USBR Water Measurement Manual, 3rd Edition, Sect. 7-16 

Rectangular Weir ±1 to ±5% 
(2) USBR Water Measurement Manual, 3rd Edition, Sec. 7-17; 
(3) ILRI20 - 3.1, Section 5.1: (4) ITRC estimate, 5% 

Acoustic Doppler 
Meter 

±1%** (5)SonTek 

Propeller Meter ±2% to ±5% 
(2) USBR Water Measurement Manual, 3rd Edition, Sec. 14-4, 
Pg. 14-12; (3) ILRI20 - 3.1, Section 9.7; (4) ITRC estimate 5%; 
(6) Water Specialties, ±2% 

Magnetic Flow Meter ±2%  (7) McCrometer Mag Meters, ±2% 

(1) Rubicon Water (http://www.rubiconwater.com) 
(2) USBR Water Measurement Manual (http://www.usbr.gov/pmts/hydraulics_lab/pubs/wmm/) 
(3) International Institute for Land Reclamation and Improvement (ILRI). Discharge Measurement Structures. 
(http://content.alterra.wur.nl/Internet/webdocs/ilri-publicaties/publicaties/Pub20/pub20-h1.0.pdf) 
(4) USBR Water Management Planner. 2011 Criteria - Calibration and Measurement-2011(9). 
http://www.usbr.gov/mp/watershare/documents/Water_mgmt/index.html 
(5) SonTek. Xylem, Inc. http://www.sontek.com/iq  
(6) Water Specialties Propeller Meters (http://www.mccrometer.com/library/pdf/30114-03.pdf) 
(7) McCrometer Mag Meters (https://www.mccrometer.com/Agricultural-Turf) 
*Assuming proper installation, maintenance and operation 
**Typical error of measured velocity   

 

Table 7-5 provides a summary of the number of occurrences of each measurement structure type, the 
number of acres that are served downstream, and the number of individual turnouts.  Based on a 2012 
survey of measurement methods, delivery points, and corresponding irrigated acreage, it is estimated that 
approximately 82 percent of irrigated acreage receives water that is measured using an upstream device, 
as described.  Approximately 18 percent receive delivered flow rates that have been estimated by ditch 
tenders using temporary or historical measurement methods. 

OUWUA has encouraged landowners installing piped on-farm irrigation systems to install propeller 
meters or other type of measurement.  Currently, 12 growers have installed flow measurement along with 
their piped systems.  These individually measured turnouts are used by the OUWUA ditch tenders to 
verify delivered flow rate, and record total delivered volume if a volumetric totalizer is part of the meter 
design.  These turnouts, and corresponding acreage, are included in the summary Table 7-5.  Overall, 82 
percent of all irrigated lands receive measured deliveries using the methods defined previously.  
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Table 7-5. Summary of Measured Deliveries, by Irrigated Acreage and Turnouts. Inventoried in 
2012.  

Measurement Method 
Number of 

Devices 

Acres Served 
Downstream 

(2012) 

Percent of 
Total 

Irrigated 
Area 

Number of 
Turnouts Served 

Downstream 

Percent of 
Total Active 

Turnouts 

Cipolletti Weir 28 6,018 42% 312 45% 
Rubicon Gate 7 3,746 23% 144 21% 

Estimate 38 2,366 18% 126 18% 
Parshall Flume 4 646 8% 53 8% 

Rectangular Weir 7 854 6% 44 6% 
Sontek Flow Meter 2 483 3% 12 2% 

TOTAL 86 14,132   703   

 

Direct deliveries from the main canals are typically estimated due to wide variations in flow rate causing 
upstream water level fluctuations, or low available differential head across turnout gates. Additionally, 
operators rely on their technical experience and past spot measurements to make deliveries to some small 
sublaterals or ditches with short runs or few turnouts.  Often times these ditches do not have permanent 
flow measurement devices, but temporary devices have been periodically used (portable Cipolletti weirs, 
weir sticks, velocity-area meters, etc.) to develop a functional gate rating.  It is estimated that 18 percent 
of all irrigated lands, and 20 percent of turnouts on measured laterals, receive deliveries that are 
estimated. 

7.2.2 Volumetric Pricing (10608.48.b(2)) 

STATUS:  IMPLEMENTING  

OUWUA currently measures deliveries and bills on a volumetric basis.  Users are charged a water 
delivery rate (2017 rate) of $24 per acre for up to three AF per acre, plus $13 per acre-foot for usage 
exceeding three AF per acre.  Users who plan to use less than three AF per acre can elect to transfer their 
unused water to a neighbor. 

7.3 ADDITIONAL EWMPS 

The CWC §10608.48.c requires agricultural water suppliers to implement 14 additional EWMPs “if the 
measures are locally cost effective and technically feasible.” Each of these EWMPs is discussed in the 
following sections.  
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7.3.1 Alternative Land Use ( 10608.48.c(1)) 

STATUS:  NOT TECHNICALLY FEASIBLE 

The facilitate alternative land use EWMP is not technically feasible for OUWUA 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 Association’s boundaries.  Furthermore, 
OUWUA’s rules and regulations prohibit wasteful use of water, preventing exceptional water duties or 
significant problems from occurring.   

7.3.2 Recycled Water Use (10608.48.c(2)) 

STATUS:  NOT TECHNICALLY FEASIBLE  

There is currently no known recycled water within the Association’s service area.  The City of Orland’s 
wastewater treatment plant is outside of OUWUA boundaries.  As a result, this EWMP is not technically 
feasible for OUWUA.  However, OUWUA will evaluate all potential sources of recycled water as they 
become available as potential means to augment current water supplies.  

Dairy facilities within the Project boundaries often practice self-application of dairy effluent to 
surrounding agricultural lands for irrigation and fertilization purposes.  OUWUA strictly prohibits the use 
of their conveyances for application, or for collection of any drain water resulting from this practice. 

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

STATUS:  IMPLEMENTING  

OUWUA facilitates adoption of capital improvements 
for on-farm irrigation systems by implementing canal 
modifications to provide for less expensive on-farm 
installations.  In November of 2009, OUWUA’s 
Board of Directors adopted a policy regarding 
modified deliveries to accommodate pressurized on-
farm irrigation systems.  OUWUA has seen a recent 
expansion in the number of parcels converting to 
pressurized irrigation systems and has responded by 
financing and developing a modified on-farm delivery 
structure prototype (Figure 7-1) that allows growers to 
pump directly from the Association canal.  For future 
delivery structure modifications of this kind, the 
grower will provide the plans to OUWUA for review 
and the grower is responsible for the construction.  

OUWUA is in on-going discussions with USBR to allow for the transfer of water to surrounding 
agricultural water users or municipalities through the TCC, or otherwise.  OUWUA recognizes that a 
potential use for the revenues generated from transfers could be to provide low-interest loans to growers 
for the implementation of on-farm water conservation improvements.  However, OUWUA also 
recognizes that efficient on-farm improvements require flexibility in delivery flow rate, duration and 
frequency to achieve maximum benefit.  The physical and institutional infrastructure and procedures that 

Figure 7-1. Modified Delivery Structure to 
Facilitate Pressurized Pump Intake. 
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have historically been used for rotational delivery provide little flexibility, therefore minimizing the 
benefit of some on-farm improvements.  

Over the last decade, the Association has been awarded two Water Use Efficiency grants through DWR to 
improve operational efficiencies. These improvements have increased OUWUA’s ability to provide water 
users the flexibility required to operate low flow, high frequency on-farm irrigation systems. These 
improvements are described in further detail below. The Association continues to seek additional funds to 
improve delivery flexibility to water users. 

In addition, the Association provides information to growers regarding the Environmental Quality 
Incentives Program (EQIP) offered through the Natural Resources Conservation Service (NRCS) through 
newsletters to promote on-farm irrigation improvements. 

7.3.4 Incentive Pricing Structures (10608.48.c(4)) 

STATUS:  IMPLEMENTING  

OUWUA 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, OUWUA 
is promoting conservation of precious groundwater resources and reduction in overdraft of the subbasin 
through in-lieu and direct recharge.  OUWUA currently charges for water on a per acre basis, up to a 
standard allocation of 3 AF/Acre.  Usage in excess of this is charged at an increased volumetric rate.  The 
implementation of a volumetric charge per acre-foot of excess use provides a modest incentive to increase 
water use efficiency at the farm level (goal A).  The volumetric charge also discourages excessive 
drainage (goal D).  

The Association will review its volumetric charge for standard and excess use 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 
(10608.48.c(5)) 

STATUS:  IMPLEMENTING  

OUWUA is implementing this EWMP.  The OUWUA distribution system consists primarily of lined 
canals with the last one-quarter mile of each lateral typically being unlined.  The system also contains 
some short lengths of buried pipelines.  In total, OUWUA maintains approximately 17 miles of canals 
and 139 miles of laterals on a regular basis, including replacement of canal lining and pipelines as they 
reach the end of their useful life.  OUWUA typically dedicates approximately $100,000 from their 
operation and maintenance fees to reline canals and laterals as they become deteriorated, or to perform 
patching and other preventative maintenance to repair damage, reduce seepage or to increase capacity to 
minimize canal spillage.  Channels that are most frequently used typically receive highest maintenance 
priority.  Additionally, OUWUA actively seeks opportunities to replace deteriorated structures and/or 
control structure components to increase efficiency and reduce seasonal maintenance.  OUWUA also 
prioritizes (based on usage) the unlined portions of laterals and reshapes and concrete lines them as funds 
allow, typically one-quarter mile per year.  
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In 2007, OUWUA received Department of Water 
Resources (DWR) Water Use Efficiency (WUE) grant 
funding to construct a 49.5 acre-foot regulating reservoir 
on Lateral 210 that was completed in 2012 (Figure 7-2).  
The reservoir is designed to capture mismatches between 
supply and demand, re-regulate and redistribute to 
downstream customers.  The automated and remotely 
controlled regulating reservoir outlet gates are interfaced 
with tailend spillage measurements to automatically adjust 
the reservoir releases as spillage exceeds a target 
threshold.  The reservoir capacity and the automated gates 
can also be exercised to greatly increase delivery 
flexibility to customers upstream and downstream of the 
reservoir.  

OUWUA is currently implementing this EWMP with available grant funding.  In the future, OUWUA 
plans to actively pursue funding opportunities to construct a regulating reservoir on the Northside as part 
of the proposed Phase II of the Northside Distribution System Improvement Project described in 
Attachment C.  OUWUA also plans to continue to work with Federal, State and Local authorities to allow 
for the revenue-generating transfer of conserved water. In addition, OUWUA plans to continue 
discussions related to the possibility of utilizing the Tehama-Colusa Canal as a ‘regulating reservoir’ to 
provide improved flexibility to water users.  

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

STATUS:  IMPLEMENTING  

The Association is implementing this EWMP by 
maximizing the amount of flexibility in water ordering by, 
and delivery to, water customers within operational limits.  
In particular, OUWUA works with customers on an 
ongoing basis – and subject to restraints of rotational 
delivery – to facilitate high frequency, low volume 
deliveries to pump customers using pressurized irrigation 
systems such as sprinkler and drip irrigation.  Namely, 
OUWUA has adopted a policy to allow construction of 
private pump sumps to better serve pumps that supply 
pressurized systems.  The use of these systems has 
increased over time and is anticipated to continue to 
increase in the future.  

OUWUA was awarded a DWR WUE grant in 2007 for 
the installation of ten (10) automated and telemetry equipped water control gates (Figure 7-3), a 49.5 AF 
regulating reservoir, and 20 long crested weirs (LCWs) within the Beat 2 service area.  These 
improvements allow operators to respond to delivery requests more quickly, with greater accuracy and 
consistency.  The Lateral 210 regulating reservoir allows for increased delivery flexibility by allowing for 
early shutoff of deliveries and routing of excess flows to the reservoir.  This increased flexibility applies 
primarily to Lateral 210 upstream of the reservoir.  Additionally, through coordination with the ditch 

Figure 7-2. Regulating Reservoir and 
Automated Outlet Gate in Foreground. 

Figure 7-3. Automated Water Control Gate 
Installed at Sublateral Heading. 
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tender, deliveries downstream of the reservoir can be shut off early, and the excess flow can be rerouted 
to the reservoir.  

Building on the success of the Beat 2 project, OUWUA responded to the 2012 solicitation request for 
DWR’s Proposition 50 WUE grant program and was selected for funding to complete Phase 1 of their 
Northside Distribution Improvement project. Phase I focuses on improving water level and flow control 
along the main canal. The project will replace eleven (11) water level control structures with long-crested 
weirs, replace eight (8) lateral headings with improved structures and automated flow control gates, and 
one (1) concrete measuring ramp flume at the North Diversions. The North Diversion headgates will be 
automated for remote control and automated flow control. Construction began in November of 2016 and 
is expected to be completed by mid-2017. Phase II of the project is described in Attachment C.  These 
modernization projects will result in significant changes and additions to facilities, and improvements to 
operations, which offer benefit to the OUWUA and increased flexibility to water users.   

OUWUA also increases flexibility by adjusting system inflow orders from Black Butte Dam as often as 
three times per day to meet changing demands. 

OUWUA’s staff is also in the process of updating its water ordering and billing system to better track 
water orders and provide better ordering flexibility as system operations and infrastructure improvements 
increase flexibility in the timing, amount, and duration of deliveries.   

In the future, OUWUA will continue to evaluate and implement locally cost-effective actions to further 
increase the flexibility and steadiness of irrigation deliveries.  

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

STATUS:  IMPLEMENTING  

OUWUA is implementing this EWMP through the 
rerouting of spillage to downstream users, operation 
of the Lateral 210 regulating reservoir (Figure 7-4) to 
capture and prevent spillage, monitoring of spillage 
and boundary outflows to improve operations, and 
automation of lateral headings to prevent spillage.  
The Association’s Supervisory Control and Data 
Acquisition (SCADA) system provides real-time 
monitoring of spillage rates and instantaneous control 
of lateral or sublateral heading gates to reduce flow 
for some sites. Analysis of historical delivery and 
spillage records allows OUWUA to plan additional 
spillage reduction improvements and to modify 
operational practices as needed to increase system 
efficiency and further reduce spillage.  

Additionally, OUWUA has recently installed a SCADA-equipped SonTek IQ acoustic Doppler flow 
meter in the South Canal downstream of the Lateral 210 heading to monitor gross delivery volumes to 
Beats 3 and 4.  Measurement data from this site, along with remote control of the Lateral 210 gates, 
allows Beat operators to divert short term excesses in ordered water down Lateral 210 to the Beat 2 

Figure 7-4. Aerial view of regulating 
reservoir during construction (Google Earth, 

2013). 
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regulating reservoir instead of allowing it to spill.  Where private tailwater drains do exist, they typically 
flow to Walker Creek and provide instream benefits. 

The OUWUA system has three main spill sites (Becks Spill, Town Spill, and Lichtsteiner Spill) that 
convey approximately 70-90 percent of the total estimated operational spillage.  Becks Spill is located in 
the Southside area, and the remaining are located on the Northside.  Flow measurement exists at all of 
these main outflows, and telemetry has been installed at two out of these three sites.  Measurement 
improvement and integration of the third site (Lichsteiner Spill) into the Association’s SCADA system is 
currently in progress.  

Although OUWUA is currently measuring 70-90 percent of system outflows, it is recognized that 
increasing real-time monitoring of operational spillage at all other sites will only further enhance 
operational efficiency and system flexibility, and provide a basis for evaluating additional opportunities to 
reduce spillage. OUWUA plans to install SCADA monitoring at the terminus of Lateral 40, at Lehto 
Spill. To measure the remaining system outflows, OUWUA is exploring options to install temporary level 
sensors at selected spill weirs to gather level data that can be converted to spillage volumes over the 
irrigation season and to develop weir ratings.  The OUWUA system does not typically allow for tailwater 
return flows due to the laterals and sublaterals being upgradient to most fields.  The upper portions of the 
South Canal do accept natural runoff from storm events during the rainy season, but this does not 
contribute to the available supply during the irrigation season.  

OUWUA continues to evaluate and implement locally cost-effective actions to further increase the 
prevention, recovery, and reuse of operational spillage and tailwater.  

7.3.8 Increase Planned Conjunctive Use ( 10608.48.c(8)) 

STATUS:  IMPLEMENTING  

The Association is supporting optimal conjunctive use in the basin by encouraging the use of available 
surface water supplies in lieu of groundwater by facilitating delivery service to its irrigation customers, 
including growers within the service area using pressurized irrigation systems.  Surface water is provided 
at a lower cost than that of pumping groundwater to encourage its use.  These actions conserve 
groundwater for pumping in years of limited surface water availability.  Deep percolation of applied 
irrigation water provides beneficial recharge of the underlying aquifer for use by irrigators surrounding 
the service area and by municipal, industrial, and residential users such as the City of Orland. 

Additionally, OUWUA has adopted a policy regarding the land annexation application process for areas 
outside its boundaries.  OUWUA has recently (in 2012 and 2013) received and accepted applications for 
annexation of approximately 593 acres into the service area, thus increasing the use of surface water and 
increasing in-lieu recharge.  The process involved in annexing land is somewhat new and time 
consuming.  OUWUA is limited to a total area of 21,000 acres.  There are several additional landowners 
that are interested in annexation should capacity become available. 

OUWUA is also a supporting member of the California Statewide Groundwater Elevation Monitoring 
(CASGEM) program through its cooperation with Glenn County who is the local groundwater basin 
monitoring entity.  CASGEM is a program established by the DWR in 2009 under Senate Bill SBx7-6 
that modifies the water code to facilitate collaboration between local monitoring entities and DWR to 
collect and record statewide groundwater elevation data and catalog it in a publically available database.  
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This is a critical step towards improving management of California’s groundwater resources.  Additional 
information on CASGEM can be found at http://www.water.ca.gov/groundwater/casgem/.  OUWUA also 
has participated in several groundwater studies, including its partnership in the Stony Creek Fan 
Conjunctive Water Management Plan initiated in 2001, the development of an Integrated Ground and 
Surface Water Model in 2003, and a feasibility improvement investigation in 2004. In addition, OUWUA 
will support Glenn County SGMA efforts in the years to come.  

7.3.9 Automate Canal Control Structures (10608.48.c(9)) 

STATUS:  IMPLEMENTING  

OUWUA is implementing this EWMP through the automation of two lateral headings (Lateral 210 and 
10), five sublateral headings (220, 212, 230, 214, 210 Below Becks), and automated, remotely-controlled 
releases from the Lateral 210 Regulating Reservoir to both Lateral 210 and 212.  All sites are configured 
with SCADA to provide real-time monitoring, data collection and remote control.  Additionally, pending 
the award of funding by DWR, OUWUA will install nine automated canal gates in the Northside service 
area under a 2012 WUE grant.  

 Since 2010, the Association has constructed 24 long crested weirs (LCWs), 20 within the Beat 2 service 
area, and nine flap gates to provide automated control of upstream water levels and facilitate steady 
delivery to customers.     

The following automated canal control structures are currently in progress: remote automated flow 
control of the North Diversion gates on the North Canal, installation of 8 automated flow control gates in 
the Northside service area, installation of 11 long-crested weirs for upstream water level control along 
Lateral 100 and 130, and fabrication and installation of 2 flap gates on Lateral 100.  

OUWUA plans to construct at least one LCW each year in other areas utilizing Association staff.  In 
2014, the Association constructed a long-crested weir on Lateral 10 at the head of Lateral 30 and also 
plans to construct LCWs on Lateral 40 at the head of Lateral 50 and a remotely automated gate on Lateral 
40, below the TCC.  

In the future, OUWUA will continue to evaluate and implement opportunities for additional automation 
to increase delivery flexibility and steadiness while reducing operational spillage. 

7.3.10 Facilitate Pump Testing ( 10608.48.c(10)) 

STATUS:  IMPLEMENTING  

OUWUA is implementing this EWMP.  OUWUA facilitates and promotes customer pump testing and 
evaluation by providing links and information to water users on programs that provide these services, 
such as offered by PG&E (http://www.pumpefficiency.org/). 
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7.3.11 Designate Water Conservation Coordinator ( 10608.48.c(11)) 

STATUS:  IMPLEMENTING  

OUWUA has designated a Water Conservation Coordinator, as detailed below:  

 Rick Massa  
 General Manager 
 828 Eighth Street 
 Orland, California 95963 

(530) 865- 4126 
rmassa@ouwua.net 

Mr. Massa’s duties include Plan preparation, implementation, and annual updates. OUWUA will maintain 
an appropriate and responsible staff person in the position of water conservation coordinator.  

7.3.12 Provide for Availability of Water Management Services (10608.48.c(12)) 

STATUS:  IMPLEMENTING  

OUWUA provides information describing CIMIS and other water management resources to growers 
through the office announcements board.  OUWUA uses the board to inform growers of educational 
courses and workshops offered by the Cal Poly Irrigation Training and Research Center, the Irrigation 
Training Facility at Chico State, the UC Cooperative Extension, and others on topics such as irrigation 
scheduling, soil moisture monitoring, and other on-farm water conservation measures. 

7.3.13 Evaluate Supplier Policies to Allow More Flexible Deliveries and Storage (10608.48.c(13))  

STATUS:  IMPLEMENTING  

OUWUA is implementing this EWMP through ongoing cooperation and discussion with the Army Corps 
of Engineers, the USBR, the City of Santa Clara and other agencies that affect OUWUA’s flexibility in 
delivering and storing water.  OUWUA actively evaluates the effect of Reclamation policies and 
operational practices on Association operations and seeks policy changes to alleviate water supply and 
flexibility constraints.  

In efforts to increase flexibility, an agreement between OUWUA and the TCCA has been considered that 
would allow the Association to utilize the TCC as an intertie conveyance between its Northside and 
Southside service areas.  Additionally, OUWUA is in discussion with USBR to allow for revenue 
generation through the transfer and sale of surplus water.  OUWUA has two ready-built TCC intertie sites 
available to transfer any surplus water to TCCA to reduce their Sacramento River diversions at Red Bluff. 

OUWUA will continue to participate in local, regional, and statewide water management initiatives that 
affect, or have the potential to affect, the Association’s ability to store and deliver water to ensure that 
OUWUA is able to meet irrigation and other demands with the degree of flexibility required to maintain 
and enhance efficient water management. 
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7.3.14 Evaluate and Improve Efficiencies of Supplier’s Pumps (10608.48.c(14)) 

STATUS:  NOT TECHNICALLY FEASIBLE  

OUWUA does not currently own or operate any pumps; therefore, this EWMP is not applicable.  

7.4 SUMMARY OF EWMP IMPLEMENTATION STATUS  

OUWUA has taken many actions throughout its more than 100-year history to promote efficient and 
sustainable water management.  The Association continues to plan additional measures to accomplish 
improved and more efficient water management.  For purposes of this AWMP, the Association’s actions 
have been organized and are reported with respect to the CWC §10608.48 EWMPs.  A summary of the 
implementation status of each listed EWMP is provided in Table 7.7. 

OUWUA staff regularly attends the Mid Pacific Water  Users Conference meeting held each January.  
Active participation in this meeting provides OUWUA staff with continuing exposure to water 
management innovations and networking with other water management professionals.  Additionally, 
OUWUA occasionally sends staff to water management trainings at the Irrigation Training and Research 
Center (ITRC) and Chico State University to enhance skill sets and increase basic understanding of 
efficient water management. 

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 WUE improvements (and EWMP implementation in general) from OUWUA’s 
perspective is to identify what the benefits of EWMP implementation are and to identify those additional 
actions that hold the potential to advance OUWUA’s water management objectives.  The Association’s 
primary water management objective is: 

“to acquire, furnish, provide for, and distribute to the lands of the shareholders of the Association an 
adequate supply of water for the irrigation thereof; and to divert, store, develop, pump, carry and 
distribute water for irrigation and all other beneficial uses.” 
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Table 7-7.  Summary of EWMP Implementation Status 

Water Code 
Reference No. 

EWMP Position Implementation Activities Planned Activities 

CRITICAL (MANDATORY) EFFICIENT WATER MANAGEMENT PRACTICES 

10608.48.b(1) 
Water Measurement/Measure the volume of water delivered to 

customers with sufficient accuracy 
Implementing 

1. Deliveries for the purpose of productive agriculture are measured to +/- 6% as 
required by the USBR 2014 Criteria for Water Management Plans. 

1. Continue current activities.  

10608.48.b(2) 
Pricing Structure/Adopt a pricing structure based at least in part on 

quantity delivered 
Implementing 

1. OUWUA currently bills on a volumetric basis.  Users are charged a water 
delivery rate (2016 rate) of $24 per acre for up to three AF per acre, plus $13 per 
acre-foot for usage exceeding three AF per acre.  Users who plan to use less than 
three AF per acre can elect to transfer their unused water to a neighbor. 

1. Re-evaluate pricing rates, as needed. 

EXEMPTIBLE (CONDITIONAL) EFFICIENT WATER MANAGEMENT PRACTICES 

10608.48.c (1) Facilitate Alternative Land Use 
Not Technically 

Feasible 

"Lands with exceptionally high water duties or whose irrigation contributes to significant problems" are not known to exist within the 
OUWUA’s service area.  Furthermore, OUWUA’s rules and regulations prohibit wasteful use of water, preventing exceptional water duties or 
significant problems from occurring.   

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 

Not Technically 
Feasible 

1. There is currently no known recycled water within the Association service 
area.  The City of Orland’s wastewater treatment plant is outside of OUWUA 
boundaries. Dairy facilities within the Project boundaries often practice self-
application of dairy effluent to surrounding agricultural lands for irrigation and 
fertilization purposes.  Additionally, Reclamation does not allow recycled water 
in the canals. 

1. OUWUA will evaluate all potential sources of recycled 
water as they become available as potential means to 
augment current water supplies. 

10608.48.c (3) 
Facilitate the Financing of Capital Improvements for On-Farm 

Irrigation Systems 
Implementing 

1. Provide information to growers regarding the Environmental Quality 
Incentives Program (EQIP) offered through the Natural Resources Conservation 
Service (NRCS) through newsletters. 

1. Continue to provide information on funding sources to 
growers. 

2. OUWUA facilitates adoption of capital improvements for on-farm irrigation 
systems by implementing canal modifications to provide for less expensive on-
farm installations. 

2. Look for additional funding opportunities. 

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. 

Implementing 

1. OUWUA’s volumetric charge promotes 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).   

1.  The Association will review its volumetric charge for 
standard and excess use over time to ensure that identified 
water management objectives are being achieved.   

2. The implementation of a volumetric charge per acre-foot of excess use 
provides a modest incentive to increase water use efficiency at the farm level 
(goal A). 

3. The volumetric charge also discourages excessive drainage (goal D). 

10608.48.c (5) 
Canal Lining/Piping and Regulatory Reservoirs to Increase Distribution 

System Flexibility and Capacity, Decrease Maintenance, and Reduce 
Seepage 

Implementing 

1. Constructed a 49.5 acre-foot regulating reservoir on Lateral 210 that was 
completed in 2012. The reservoir is designed to capture mismatches between 
supply and demand, re-regulate and redistribute to downstream customers.   

1. Continue active maintenance and repair of improvement 
pipelines. 

2. OUWUA typically dedicates approximately $100,000 from their operation and 
maintenance fees to reline canals and laterals as they become deteriorated, or to 
perform patching and other preventative maintenance to repair damage, reduce 
seepage 

2. Continue to evaluate and implement locally cost 
effective regulating reservoirs. 
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Table 7-7.  Summary of EWMP Implementation Status 

Water Code EWMP Position Implementation Activities Planned Activities 

10608.48.c(6) 
Increase Flexibility in Water Ordering By, and Delivery to, Water 

Users (Within Operational Limits) 
Implementing 

1. Installed ten (10) automated and telemetry equipped water control gates, a 49.5 
AF regulating reservoir, and twenty (20) long-crested weirs within the Beat 2 
service area.  

1. OUWUA will continue to evaluate and implement 
locally cost-effective actions to further increase the 
flexibility and steadiness of irrigation deliveries. 

2. Currently, implementing Phase I of the Northside Distribution Improvement 
project focusing on improving water level and flow control along the main canal. 
The project is will replace eleven (11) water level control structures with long-
crested weirs, replace eight (8) lateral headings with improved structures and 
automated flow control gates, and one (1) concrete measuring ramp flume at the 
North Diversions. The North Diversion headgates will be automated for remote 
control and automated flow control. Construction began in November of 2016 
and is expected to be completed by mid-2017. 
3. OUWUA’s staff is also in the process of updating its water ordering and 
billing system to better track water orders and provide better ordering flexibility 
as system operations and infrastructure improvements increase flexibility in the 
timing, amount, and duration of deliveries.   

4. The planned Phase II of the Northside Distribution System Improvement 
project described in Attachment C, will also increase flexibility in water delivery. 

10608.48.c (7) 
Construct and Operate Contractor Spill and Tailwater Recovery 

Systems 
Implementing 

1. OUWUA is implementing this EWMP through the recovery and rerouting of 
spillage to downstream users, operation of the Lateral 210 regulating reservoir to 
capture and prevent spillage, monitoring of spillage and boundary outflows to 
improve operations, and automation of lateral headings to prevent spillage. 

1. Continue and expand monitoring at spill sites to reduce 
spillage and develop representative data. 

2. OUWUA operates an intertie from Lateral 40 to the TCC through an exchange 
agreement with Reclamation.  Additionally, although no longer used, interties 
from Laterals 30 and 140 to the TCC were constructed and used in the past.  

2. Continue to evaluate and implement locally cost 
effective improvements to recover and prevent spillage and 
tailwater. 

3. The OUWUA system has three main spill sites (Becks Spill, Town Spill, and 
Lichtsteiner Spill) that convey approximately 70-90 percent of the total estimated 
operational spillage. Flow measurement exists at all of these main outflows, and 
telemetry has been installed at two out of these three sites. Measurement 
improvement and integration of the third site (Lichsteiner Spill) into the 
Association’s SCADA system is currently in progress. 

  

10608.48.c (8) Optimize Conjunctive Use Implementing 

1. Provide surface water at a lower cost than that of pumping groundwater. 
1. Continue active participation in local groundwater 
entities and initiatives, including SGMA. 

2. OUWUA is also a supporting member of the California Statewide 
Groundwater Elevation Monitoring (CASGEM) program through its cooperation 
with Glenn County who is the local groundwater basin monitoring entity. 

2. Continue to evaluate and implement locally cost 
effective actions.  

10608.48.c (9) Automate Distribution, and/or Drainage System Structures Implementing 

1. Automated two lateral headings (Lateral 210 and 10), five sublateral headings 
(220, 212, 230, 214, 210 Below Becks), and automated, remotely-controlled 
releases from the Lateral 210 Regulating Reservoir to both Lateral 210 and 212. 

1. OUWUA will continue to evaluate opportunities for 
additional automation to increase delivery flexibility and 
steadiness and to reduce operational spillage. 

2. Constructed 24 long crested weirs (LCWs), 20 within the Beat 2 service area, 
and nine flap gates. 

2. Continue to operate and maintain automatic control 
structures. 

3. Currently, OUWUA is installing remote automated flow control on the North 
Diversion gates on the North Canal, 8 automated flow control gates in the 
Northside service area, 11 long-crested weirs for upstream water level control 
along Lateral 100 and 130, and 2 flap gates on Lateral 100. 

3. Continue real time SCADA monitoring.                
4. Continue to evaluate and implement locally cost 
effective actions. 
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Table 7-7.  Summary of EWMP Implementation Status 

Water Code EWMP Position Implementation Activities Planned Activities 

10608.48.c (10) Facilitate or Promote Water User Pump Testing and Evaluation Implementing 
1. OUWUA facilitates and promotes customer pump testing and evaluation by 
providing links and information to water users on programs that provide these 
services, such as offered by PG&E (http://www.pumpefficiency.org/). 

1. Continue current activities. 

10608.48.c (11) Designate the Water Conservation Coordinator/ Implementing 

1.  Designated water conservation coordinator: 

1.  OUWUA will maintain an appropriate and responsible 
staff person in the position of water conservation 
coordinator position. 

       Rick Massa 

       General Manager 

       828 Eighth Street 

       Orland, California 95963 

       (530) 865 - 4126 

       rmassa@ouwua.org 

2.  Manage conservation activities, prepare five-year plan, and implement the 
Plan. 

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 
Implementing 

1. OUWUA provides information describing CIMIS and other water 
management resources to growers through the office announcements board. 

1. Continue offering current services to water users. 
2. Additionally, OUWUA informs growers of educational courses and workshops 
offered by the Cal Poly Irrigation Training and Research Center, the Irrigation 
Training Facility at Chico State, the UC Cooperative Extension, and others on 
topics such as irrigation scheduling, soil moisture monitoring, and other on-farm 
water conservation measures. 

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. 

Implementing 

1. OUWUA is implementing this EWMP through ongoing cooperation and 
discussion with the USACE, the USBR, the City of Santa Clara and other 
agencies that affect OUWUA’s flexibility in delivering and storing water.  
OUWUA actively evaluates the effect of Reclamation policies and operational 
practices on Association operations and seeks policy changes to alleviate water 
supply and flexibility constraints. 

1. Continue current activities. 

10608.48.c (14) 
Evaluate and Improve Efficiencies of Contractor's Pumps/Evaluate and 

improve the efficiencies of the supplier’s pumps 
Not Technically 

Feasible 
1. OUWUA does not currently own or operate any pumps; therefore, this EWMP 
is not applicable.   

1. Re-evaluate EWMP if/when the Association utilizes 
pump(s).  
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To that end, OUWUA 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 Association can deliver and store water. 

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 OUWUA must consider how water balance changes relate to the Association’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 water supplier scale, but have the consequential effect of diminishing 
recharge of the underlying groundwater system.  Other flows that could be considered losses at the water 
supplier or farm scale such as spillage and tailwater, respectively, are also recoverable.  For example, 
spillage from the OUWUA distribution system is available for beneficial use by downgradient water 
users.  The only distribution system or on-farm losses that are not recoverable within OUWUA, 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 OUWUA’s 
water supply.  An implication of this is that very little “new” water can be made available through water 
conservation in OUWUA. 

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, OUWUA 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 OUWUA is provided in Table 7-8. 
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Table 7-8.  Summary of WUE Improvements by EWMP 

Water Code 
Reference No. EWMP 

Implementation 
Status 

Targeted Flow 
Path(s) Benefits Consequential Effects 

Notes (See End 
of Table) 

10608.48.b 
(1) 

Measure the volume of water delivered to 
customers with sufficient accuracy 

Being 
Implemented 

None Supports Evaluation of EWMPs Not Applicable 1 

10608.48.b 
(2) 

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

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. 

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 

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 

Not Applicable Not Applicable Not Applicable 3 

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.  

Not Technically 
Feasible 

System Inflows, 
Farm Deliveries 

Not Applicable Not Applicable 3 

10608.48.c 
(3) 

Facilitate financing of capital improvements for 
on-farm irrigation systems 

Being 
Implemented 

Farm Deliveries, 
Tailwater, Deep 
Percolation of 

Applied Water, 
System Inflows, 

Drainage Outflows 

Not Applicable. Not Applicable. 2 

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 

Varies 

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

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

2 

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 

System Inflows, 
Operational 

Spillage, Canal 
Seepage, Farm 

Deliveries, 
Tailwater, Deep 
Percolation of 

Applied Water, 
Drainage Outflows 

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 Association 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. 

Reduced deep percolation and seepage result 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 



2017 OUWUA 
AGRICULTURAL WATER   EFFICIENT WATER 
MANAGEMENT PLAN  MANAGEMENT PRACTICES 

Final 7-22  April 2017 

Table 7-8.  Summary of WUE Improvements by EWMP 
Water Code 

Reference No. EWMP 
Implementation 

Status 
Targeted Flow 

Path(s) Benefits Consequential Effects 
Notes (See End 

of Table) 

10608.48.c 
(6) 

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

Being 
Implemented 

System Inflows, 
Operational 

Spillage, Farm 
Deliveries, 

Tailwater, Deep 
Percolation of 

Applied Water, 
Drainage Outflows 

Changes in ordering and delivery practices, coupled with improvements to 
the OUWUA distribution system and operation result in increased control 
for ditchtenders 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 Association 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. 

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 

10608.48.c 
(7) 

Construct and operate supplier spill and 
tailwater recovery systems 

Being 
Implemented 

System Inflows, 
Drainage Outflows 

Current levels of tailwater and spillage recovery and reuse and spillage 
prevention will continue to reduce drainage outflows from OUWUA.  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.  

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

10608.48.c 
(8) 

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

Being 
Implemented 

System Inflows  

Increased conjunctive management benefits OUWUA 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. 

Not Significant 2 

10608.48.c  
(9) 

Automate canal control structures 
Being 

Implemented 

System Inflows, 
Operational 

Spillage, Farm 
Deliveries, 

Tailwater, Deep 
Percolation of 

Applied Water, 
Drainage Outflows 

Automation of the OUWUA 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 Association 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. 

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 

10608.48.c (10) 
Facilitate or promote customer pump testing and 
evaluation 

Being 
Implemented 

None 
Improved pumping efficiency by OUWUA’s customers does not affect the 
OUWUA water balance but results in decreased energy demand and reduced 
pumping costs for customers.  There are no direct benefits to OUWUA. 

Not Significant 
 

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 See Comment See Comment 4 

10608.48.c (12) 
Provide for the availability of water 
management services to water users.   

Being 
Implemented 

Farm Deliveries, 
Tailwater, Deep 
Percolation of 

Applied Water, 
System Inflows, 

Drainage Outflows 

Farm water management support by OUWUA could result in reductions in 
on-farm 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. 

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 

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 

System Inflows 

Changes in the policies of agencies that affect OUWUA’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.   

Reduced drainage outflows from operational spillage 
could result in reduced water available for beneficial use 
by downgradient agricultural or environmental water 
users. 
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Table 7-8.  Summary of WUE Improvements by EWMP 
Water Code 

Reference No. EWMP 
Implementation 

Status 
Targeted Flow 

Path(s) Benefits Consequential Effects 
Notes (See End 

of Table) 

10608.48.c (14) 
Evaluate and improve the efficiencies of the 
supplier’s pumps. 

Being 
Implemented 

None 
OUWUA does not currently own or operate pumps; consequently, there are 
no direct impacts to water balance flow paths. 

Not Significant 3 

Notes: 
1. 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. 
2. OUWUA works to balance tradeoffs between incentivizing on-farm water conservation and maintaining long-term surface water and groundwater reliability for the region. 
3. Such conditions do not exist in OUWUA.  As a result, it is not technically feasible to implement this EWMP. 
4. Implementation of the AWMP by OUWUA’s Water Conservation Coordinator/Manager 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 OUWUA, 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 
7-9.  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 OUWUA’s water management activities has been 
identified and is presented in Table 7-10.   

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, 
OUWUA 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 7-10.  Past WUE improvements are 
estimated relative to no historical implementation.  As OUWUA 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 7-11. 

 
Table 7-9.  WUE Improvement Categories. 

Water Use Efficiency 
Improvement Category  Definition 

Reduce Irrecoverable 
Losses 

Reduce losses that cannot be recovered and used by the water supplier 
or downgradient users (e.g. evaporation and flows to salt sinks). 

Increase Local Supply 
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).  

Increase Local Flexibility  Improve the supplier’s ability to divert, pump, convey, control, and 
deliver available water supplies to meet customer demands. 

Increase In-Stream Flow  Increase flow in natural waterways to benefit fisheries or meet other 
environmental objectives. 

Improve Water Quality  Increase the quality of targeted water bodies (i.e. streams, lakes, or 
aquifers). 

Improve Energy Efficiency  Increase the efficiency of water supplier or customer pumps.  
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Table 7-10.  Applicability of EWMPs to WUE Improvement Categories. 

Water 
Code 

Reference 
No. EWMP 

Implementation 
Status 

Water Use Efficiency Improvement Category 

Reduce 
Irrecoverable 

Losses 

Increase 
Local 

Supply 

Increase 
Local 

Flexibility 

Increase 
In-

Stream 
Flow1 

Improve 
Water 

Quality2 

Improve 
Energy 

Efficienc
y 

10608.48.b 
(1) 

Measure the volume of water delivered to 
customers with sufficient accuracy 

Being 
Implemented 

No Direct WUE Improvements 

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 

Not Applicable to OUWUA 

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.  

Not Technically 
Feasible 

     


    

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:   

Being 
Implemented 

     
 

  

   (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 

Being 
Implemented   

 
  

10608.48.c 
(6) 

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

Being 
Implemented 

   


    

10608.48.c 
(7) 

Construct and operate supplier spill and 
tailwater recovery systems 

Being 
Implemented 

      
  

10608.48.c 
(8) 

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

Being 
Implemented 

     
 

    

10608.48.c 
(9) 

Automate canal control structures 
Being 

Implemented 
   

 
  

10608.48.c 
(10) 

Facilitate or promote customer pump 
testing and evaluation 

Being 
Implemented 

          

10608.48.c 
(11) 

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

Being 
Implemented 

The activities of the Water Conservation Coordinator and other OUWUA staff 
to achieve WUE improvements through implementation of the EWMPs are 

described individually by EWMP. 

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 

    
    

10608.48.c 
(14) 

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

Not Technically 
Feasible 

          

1. Increased in-stream flow could be a direct or indirect benefit water transfers between willing buyers and OUWUA.   
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.



2017 OUWUA 
AGRICULTURAL WATER   EFFICIENT WATER 
MANAGEMENT PLAN  MANAGEMENT PRACTICES 

Final 7-26  April 2017 

Table 7-11.  Evaluation of Relative Magnitude of Past and Future WUE Improvements by EWMP. 

Water 
Code 

Reference 
No. EWMP 

Implementation 
Status 

Marginal WUE Improvements1,2 

Past Future 
Relative to No 

Historical 
Implementation3 

Since Last 
AWMP4 

5 Years in 
Future5 

10 Years in 
Future5 

10608.48.b 
(1) 

Measure the volume of water 
delivered to customers with 
sufficient accuracy 

Being 
Implemented 

No Direct WUE Improvements 

10608.48.b 
(2) 

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

Being 
Implemented 

Limited Not Applicable 
Limited to Modest, Depending on 

Structure 

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 

Not Applicable to OUWUE 

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.  

Not Technically 
Feasible 

None Not Applicable 
None to Limited, Depending on 

Recycled Water Availability 

10608.48.c 
(3) 

Facilitate financing of capital 
improvements for on-farm 
irrigation systems 

Being 
Implemented 

Substantial 
(Limited Reduction 

in Irrecoverable 
Losses) 

Not Applicable 

Substantial 
(Limited 

Reduction in 
Irrecoverable 

Losses) 

Substantial 
(Limited 

Reduction in 
Irrecoverable 

Losses) 

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) 

Not Applicable 
Limited to Modest (Goals A and D), 

Depending on Structure 

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) 

Not Applicable  

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 Not Applicable Substantial Substantial 

10608.48.c 
(7) 

Construct and operate supplier 
spill and tailwater recovery 
systems 

Being 
Implemented 

Substantial Not Applicable 
Modest 

 
Modest 

10608.48.c 
(8) 

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

Being 
Implemented 

Limited Not Applicable 
Limited to Modest, Depending on 

Specific Actions 

10608.48.c 
(9) 

Automate canal control structures 
Being 

Implemented 
Substantial Not Applicable Modest Modest 

10608.48.c 
(10) 

Facilitate or promote customer 
pump testing and evaluation 

Being 
Implemented 

Limited Not Applicable 
None to Modest, Depending on 

Customer Interest 

10608.48.c 
(11) 

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

Being 
Implemented 

The activities of the Water Conservation Coordinator and other OUWUA staff to 
achieve WUE improvements through implementation of the EWMPs are described 

individually by EWMP. 

10608.48.c 
(12) 

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

Being 
Implemented 

Limited Not Applicable 

Limited(Limited 
Reduction in 
Irrecoverable 

Losses) 

Limited (Limited 
Reduction in 
Irrecoverable 

Losses) 

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 

Substantial Not Applicable 
None to Modest, Depending on 

Outcomes 

10608.48.c 
(14) 

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

Not Technically 
Feasible 

None Not Applicable 

None to Limited 
(Depending on 
Implementation 

Activities) 

None to Limited 
(Depending on 
Implementation 

Activities) 
1.  As noted herein and throughout this analysis, reductions in losses that result in WUE improvements at the farm or Association 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 OUWUA 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.  OUWUA has not previously prepared an AWMP. 
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. 



2017 OUWUA 
AGRICULTURAL WATER    
MANAGEMENT PLAN  REFERENCES 

Final 8-1  April 2017 

8. REFERENCES 

Agricultural Water Management Council (AWMC).  2004.  Monitoring and Verification:  Canal Seepage.  
Sacramento, CA. 

Burns, J.I., G.G. Davids, A.K. Dimmitt and J. Keller.  2000. Verification-Based Planning for 
Modernizing Irrigation Systems. USCID International Conference on Challenges Facing Irrigation and 
Drainage in the New Millenium.  Fort Collins, CO.  Vol. 1, pp. 51-63. 

Burt, C., Canessa, P., Schwankl, L. and D. Zoldoske. 2008. Agricultural Water Conservation and 
Efficiency in California - A Commentary.  October 2008.  13 pp. 

California Climate Adaption Planning Guide. 2012.  California Natural Resources Agency.  Available at 
http://resources.ca.gov/climate/. 

California Department of Water Resource (DWR). 2013. Conjunctive Use: Let’s Have a Frank 
Discussion. Northern Sacramento Valley Groundwater Conditions and Conjunctive Management 
Opportunities. Presented by Dan McManus, February 22, 2013. 

California Department of Water Resources (DWR) Climate Change Technical Advisory Group. 2015. 
Perspectives and Guidance for Climate Change Analysis. August 2015. California Department of Water 
Resources 

California Department of Water Resources (DWR).  2008. Managing An Uncertain Future:  Climate 
Change Adaptation Strategies for California’s Water.  California Department of Water Resources Report.  
October 2008.  

California Department of Water Resources (DWR). 2003. Department of Water Resources, California 
Groundwater, Update 2003, Bulletin 118. 

California Department of Water Resources (DWR). 2006. Progress on Incorporating Climate Change into 
Planning and Management of California’s Water Resources.  California Department of Water Resources 
Technical Memorandum.  July 2006.   

California Department of Water Resources (DWR). 2010. Climate Change Characterization and Analysis 
in California Water Resources Planning Studies.  California Department of Water Resources Final 
Report.  December 2010.  (DWR 2010b) 

California Department of Water Resources (DWR). 2010. Managing an Uncertain Future.  California 
Water Plan Update 2009.  Volume 1, Chapter 5.  March 2010.  (DWR 2010a) 

California Department of Water Resources (DWR). 2012. Climate Action Plan—Phase 1:  Greenhouse 
Gas Emissions Reduction Plan.  California Department of Water Resources.  May 2012.   

California Department of Water Resources (DWR). 2014. Managing an Uncertain Future.  California 
Water Plan Update 2013.  Volume 1, Chapter 5.  October 2014.  

California Natural Resources Agency (CNRA).  2009.  2009 California Climate Change Adaptation 
Strategy.  California Natural Resources Agency Report to the Governor.  December 2009.   



2017 OUWUA 
AGRICULTURAL WATER    
MANAGEMENT PLAN  REFERENCES 

Final 8-2  April 2017 

Camp Dresser & McKee (CDM). 2011. Climate Change Handbook for Regional Water Planning.  
Prepared for U.S. Environmental Protection Agency and California Department of Water Resources by 
CDM.  November 2011.   

Canessa, P., S. Green and D. Zoldoske. 2011. Agricultural Water Use in California: A 2011 Update. Staff 
Report, Center for Irrigation Technology, California State University, Fresno. November 2011. 80 pp. 

CH2MHILL. 2003. OUWUA Distribution System Modernization and Water Conservation Report, 
Feasibility Report. A CALFED Agricultural Conservation Program Grant Study. Redding, Calif. 

Clemmens, A.J., R.G. Allen, and C.M. Burt.  2008.  Technical Concepts Related to Conservation of 
Irrigation and Rainwater in Agricultural Systems.  Water Resources Research. Vol. 44. W00E03, 
doi:10.1029/ 2007WR006095. 

Climate Change and Water. 2008. Intergovernmental Panel on Climate Change.  June 2008.   

Davenport, D.C. and R.M. Hagan.  1982.  Agricultural Water Conservation in California, With Emphasis 
on the San Joaquin Valley.  Department of Land, Air, and Water Resources.  University of California at 
Davis.  Davis, CA.  October 1982. 

Davids, G., R. Putty, S. Burke. 2006. Stony Creek Fan Conjunctive Water Management Program 
Feasibility Investigation. Final Report. 

Glenn County. 2017.  Agricultural Commissioner’s Office Annual Crop and Livestock Reports, 2004 and 
2014.  http://www.countyofglenn.net/dept/ag-commissioner/crop-reports last accessed on February 24, 
2017. 

Keller, A., J. Keller, and D. Seckler.  1996.  Integrated Water Resource Systems: Theory And Policy 
Implications. IIMI Res. Rep. 3.  International Irrigation Management Institute. Colombo, Sri Lanka. 

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.  

U.S. Geological Survey (SUGS).  2009. Climate Change and Water Resources Management:  A Federal 
Perspective.  U.S. Geological Survey.   

United States Bureau of Reclamation (USBR), 2011. Orland Project General Description. 
(http://www.usbr.gov/projects/Project.jsp?proj_Name=Orland+Project.)  

University of California at Berkeley (UCB). 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.  



2017 OUWUA 
AGRICULTURAL WATER 
MANAGEMENT PLAN 

PUBLIC 
COORDINATION  

Final A-1 April 2017

ATTACHMENT A. PUBLIC COORDINATION  















2017 OUWUA 
AGRICULTURAL WATER   2012-2016 ANNUAL REPORTS OF 
MANAGEMENT PLAN  BENEFITS AND COSTS  

Final B-1  April 2017 

ATTACHMENT B. ORLAND PROJECT REGULATING RESERVOIR AND 
ASSOCIATED CANAL STRUCTURE IMPROVEMENTS, WATER USE 
EFFICIENCY GRANT POST PROJECT ANNUAL REPORT OF 
BENEFITS AND COSTS (2012-2016).  
 



Water Use Efficiency Grant 
ORLAND PROJECT REGULATING RESERVOIR  

CONSTRUCTION POST PROJECT 
 ANNUAL REPORT OF BENEFITS AND COSTS 

 
Contractor: Orland Unit Water Users Association 

DWR Contract Number: 4600007830 

 
 

 
 
 
 
 
 
 
 
 

MARCH 2013 



Water Use Efficiency Grant 
ORLAND PROJECT REGULATING RESERVOIR 

CONSTRUCTIONPOST PROJECT  
ANNUAL REPORT OF BENEFITS AND COSTS 

Contractor: Orland Unit Water Users Association 
DWR Contract Number: 4600007830 

MARCH 2013 

First Year



Water Use Efficiency Grant (DWR Contract No. 4600007830)  
Orland Project Regulating Reservoir Construction 
Post Project Annual Report of Benefits and Costs 

Orland Unit Water Users’ Association     i March 2013 

Table of Contents 
 
Executive Summary ........................................................................................................................ 1 
1 Introduction ............................................................................................................................. 2 
2 Project Goals and Objectives .................................................................................................. 2 
3 Description of Benefits and Costs........................................................................................... 2 

3.1 Water Quantity ................................................................................................................. 3 
3.2 In-stream Flow ................................................................................................................. 8 
3.3 Water Quality ................................................................................................................... 8 
3.4 Energy .............................................................................................................................. 8 
3.5 Other ................................................................................................................................. 8 

 
Appendices 
Appendix A – Anticipated Project Savings 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



Water Use Efficiency Grant (DWR Contract No. 4600007830)  
Orland Project Regulating Reservoir Construction 
Post Project Annual Report of Benefits and Costs 

Orland Unit Water Users’ Association                                                            1                                                                                                                 March 2013 

Executive Summary 
 
The Orland Project Regulating Reservoir and Associated Canal Structure Improvements 
construction project (Project) was implemented to reduce spillage and increase the operational 
flexibility of a portion of the Orland Unit Water Users’ Association’s (OUWUA) system. The 
Project is located in north-eastern Glenn County near the town of Orland in the State of 
California. 
 
The improvements on Beat 2 included a 49.5 acre-foot regulating reservoir, 20 long crested 
weirs, eight automated overshot gates, one flap gate, and one automated slide gate. The 2012 
irrigation season was the first year of operation with the regulating reservoir and associated 
lateral improvements.   
 
A verification-based modernization planning process estimated these improvements would save 
3,400 acre-feet with a confidence interval of 30 percent. Grant funds were obtained and the 
regulating reservoir and associated lateral improvements were constructed.   
 
In the first year of operation, the regulating reservoir and associated lateral improvements 
conserved 2,100 acre-feet of water, or about 65 percent of the average annual conservation 
expected over the life of the project. The spillage reduction at Beck’s Spill1 was 85 percent of the 
estimated volume. Following the first month of the irrigation season when spillage was slightly 
more than normal, the spillage reduction met expectations. The reduction in unrecorded spillage 
from sublaterals was 87 percent of the estimate. The tailwater reduction was about as expected as 
growers in the area are just beginning to respond to the additional flexibility that is available to 
them. This response is expected to increase slowly with time.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
1 Beck’s Spill is the primary spill site for Beat 2. Comparison of pre- and post-project spillage at this site represents 
spillage reduction due to the system improvements.   
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1 Introduction 
 
The Orland Project Regulating Reservoir and Associated Canal Structure Improvements 
construction project (Project) was implemented to reduce spillage and increase the operational 
flexibility of a portion of the Orland Unit Water Users’ Association’s (OUWUA) system.  The 
Project is located in north-eastern Glenn County near the town of Orland in the State of 
California. 
 
This project integrates three Efficient Water Management Practices (water delivery flexibility, 
spill recovery system, and automated canal systems) to reduce spillage. The project integrates a 
49 acre-foot capacity regulating reservoir with canal automation to allow flow mismatches to be 
routed to the reservoir to be re-regulated and delivered to users, rather than spilled from the 
system.  Water temporarily stored in the regulating reservoir will also enable increased delivery 
flexibility. Water conserved by spillage reduction and increased delivery flexibility2 will result in 
less water diverted from project storage reservoirs. SCADA monitoring and control was 
implemented at selected structures along Lateral 210 to facilitate routing of flow mismatches to 
the regulating reservoir.  
 
The Project installed automated flow control and water level control overshot gates at 10 
different locations, including two reservoir outlets. All automated gates have controller logic 
hardware and software and measurement sensors. Long crested weirs were installed downstream 
of delivery locations and branching sub-laterals to provide constant upstream water levels for 
steady deliveries. 

2 Project Goals and Objectives 
 
The project goal is to increase water use efficiency through facilities improvements that provide 
canal operators the tools to reduce spillage and increase delivery flexibility. Facility 
improvements included a regulating reservoir and associated flow measurement and automated 
lateral structures to facilitate flow routing. The project will generate additional water supplies, a 
critical goal of regional water management plans, by reducing spillage leading directly to a 
reduction of diversions from project storage reservoirs. There were no changes to the initially 
stated project goals and objectives. 

3 Description of Benefits and Costs 
 
The benefits identified in the project proposal are included in Appendix A for reference. Following 
completion of the project, the benefits have not been revised and the benefits are now being realized.  
The project implementation cost was within project budget. The actual operation and maintenance 
costs for the first year of the project totaled $2,600. This is much lower than the annual O&M budget 
of $48,367 estimated during project planning3. However, lower costs are to be expected during the 

                                                 
2 OUWUA currently delivers water on a rotational schedule. 
3 For planning and budgeting purposes, total annual operations and maintenances costs were originally estimated as 
2% and 3% of the total construction costs, respectively. 
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early years of the project when all facilities are new and in peak operating condition. O&M costs are 
expected to increase as the facilities age.  
 
The OUWUA has been able to significantly reduce spillage and improve delivery flexibility to 
growers in the Beat 2 area that is benefiting from the project. OUWUA anticipates additional 
water management improvements at the system and farm levels as Association staff become 
more familiar with the features of the new facilities, and growers realize the benefits. New tree 
crops irrigated by drip and micro irrigation systems are already being planted in the Beat 2 area 
to take advantage of the flexibility. 

3.1 Water Quantity 
The total annual water savings in 2012 was 2,100 acre-feet. These savings include savings of 
both recoverable and irrecoverable water. The irrecoverable water savings was of non-beneficial 
evaporation and ET that occurs from surface drains that carry the water away from the area. 
 
The verification of project savings requires that actual-project flow paths be compared to an 
estimate of flow paths if the project hadn’t been completed, according to the verification-based 
modernization and planning process (Appendix A). Estimates of with and without- project 
savings were based on a water balance prepared from 2006 irrigation season records. Total with-
project water savings were estimated at 3,400 acre-feet with a confidence interval of 30 percent 
(Table 1). 
 

Table 1. Estimated Total Project Water Savings with Confidence Intervals 

Targeted Flow Path 
Without 
Project, 
acre-feet 

With-
project, 
acre-feet 

Flow Path 
Reduction, 
acre-feet 

CI1 

Spillage at Beck's Spill 2,600 729 1,871 7% 
Unrecorded Spillage to irrigated lands 1,882 937 945 96% 
Tailwater from irrigated lands 3,165 2,504 661 64% 
Reduced Deliveries (Reservoir area) 23 0 23 10% 
Total Conserved Water     3,500 25% 
New Flow Paths with Reservoir         
Reservoir Evaporation 0 28 -28 30% 
Reservoir Seepage 0 29 -29 50% 
Reservoir Spillage 0 8 -8 10% 
Total New Flow Paths (Losses)     -65 0% 
Total Conserved Water (Rounded to the nearest 100 acre-feet) 3,400 30% 

      1Confidence Interval 

 
The flow paths that were identified for reduction were, in decreasing order of priority: spillage to 
Beck’s Spill, unrecorded spillage to irrigated lands, tailwater from irrigated lands and reduced 
deliveries to the regulating reservoir area. Three new flow paths resulting from the construction 
of the reservoir are reservoir evaporation, reservoir seepage and reservoir spillage. 
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Guidelines and strategies outlined by the Agricultural Water Management Council in their 
Monitoring and Verification Technical Memorandum were used for calculation and analysis of 
actual savings. 
 
Becks Spill Flow Path 
A reduction in spillage at Becks Spill was the primary target for the Project, and is an important 
performance indicator. As part of the feasibility investigation, Becks Spill was measured in both 
2005 and 2006. Changes in operational strategy and infrastructure improvements resulted in a 
decrease in spillage from 2,900 in to 2,600 acre-feet in 2005 and 2006, respectively. Due to these 
changes, the 2006 irrigation season was considered more representative of future project 
operations and spillage magnitudes if the reservoir had not been constructed. The with-project 
spillage volume was estimated using a spreadsheet model to simulate reservoir operations on a 
15-minute time-step, based on operational procedures established for this project. The 
simulations estimated that the annual spillage at Beck’s spill could be reduced by 1,871 acre-feet. 
 
The actual project spillage was measured with a ramp flume constructed as part of the Project. 
Water stage upstream of the flume is measured with a pressure transducer inside of a stilling 
well, and recorded by the Association’s SCADA system. Total measured spillage at Becks Spill 
was 1,131 acre-feet for the 2012 irrigation season that started in late-April and went through 
early-November. Spillage volumes by month are summarized in Table 2. 
 

Table 2. Measured Monthly Spill Volumes for Becks Spill in 2012 
Month Spill Volume, AF 
April 73 
May 379 
June 150 
July 146 

August 139 
September 151 

October 89 
November 4 

Total 1,131 
 
The total actual annual flow path reduction for Becks Spill was 1,469 acre-feet (2,600 - 1,131).  
 
Unrecorded Spillage to Irrigated Lands Flow Path 
Unrecorded spillage to irrigated lands from the Beat 2 canal system was estimated to be 1,882 
acre-feet. The reservoir and related automation was designed to capture on-farm spillage from 
several benefit zones. The unrecorded on-farm spillage volume in each benefit zone was 
assumed proportional to the irrigated area in the zone, and the on-farm spillage volume from 
each benefit zone that could be conveyed to the reservoir was estimated. The estimated spillage 
reduction from each benefit zone totaled 945 acre-feet. The estimated reduction by benefit zone 
is shown in Table 3.   
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Table 3. Estimated Reduction in On-Farm Spillage by Benefit Zone 

Benefit 
Area 

Service 
Lateral 

Area, 
acres 

Percent 
of total 
area, % 

Unrecorded 
on-farm 

spillage, af 

Percent 
conveyed to 

reservoir 

Reduction 
in on-farm 

spillage 

With 
project 
on-farm 
spillage 

1 210 702 15% 282 100% 282 0 
3 220 119 3% 56 50% 28 28 
5 211, 220 1,391 30% 565 25% 141 424 
2 210 856 18% 339 75% 254 85 
4 212, 214 792 17% 320 50% 160 160 
6 230 800 17% 320 25% 80 240 

Total   4,660 100% 1,882   945 937 
 
The installation of automated gates at the Lateral 210 heading and at four sublateral headings has 
allowed operators to automatically make flow cutbacks at times when changes have historically 
not been made, specifically between the hours of 1800 (6pm) and 0700 (i.e. the night shift).  
 
Prior to the installation of the automated gates, flows in excess of the delivery demands would be 
allowed to spill out the ends of sublaterals or spill on to growers land (i.e. unrecorded spillage to 
irrigated lands). With the automated gates installed by the project, cut backs can be scheduled to 
automatically occur during the night and the additional flow resulting in lateral 210 from 
sublaterals upstream from the reservoir (Lateral 220) pass over the inlet weir and are stored in 
the reservoir. Cutbacks from laterals downstream of the reservoir are also stored by 
automatically adjusting the reservoir outlet gates. These cutbacks were not possible before the 
automatic gates were installed through the project.  
 
SCADA flow records from the automated gates were analyzed and all flow reductions greater or 
equal to 2 CFS, and between the hours of 1800 and 0700, were assumed to result in reductions in 
unrecorded spillage. The magnitude of the cutback was multiplied by the time until the next 
water order change (0700) to determine the reduction in volume of unrecorded spillage. Prior to 
the installation of the automatic gates, the ditch tender would not have been able to make these 
cuts during the night and this volume would have spilled from the sublaterals. The resulting 
water savings was 825 acre-feet. The savings by lateral are summarized in Table 4. 
 

Table 4. Calculated Savings of On-Farm Spillage due to Lateral Heading Cut-backs 
Lateral Total 2012 Cutback Vol, AF 

Lateral 210 48 
Sublateral 220 220 
Sublateral 212 157 
Sublateral 230 346 
Sublateral 214 54 

Total = 825 
 
These cutbacks were captured in the reservoir, regulated and redistributed.   
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Tailwater from Irrigated Lands Flow Path 
The construction of the regulating reservoir, automated gates and long crested weirs greatly 
increased opportunities for OUWUA to provide flexible delivery service to growers. Growers 
interviewed during the feasibility investigation indicated that the availability of flow rates other 
than the standard OUWUA “heads” made possible by the reservoir would increase the likelihood 
of conversion to pressurized irrigation systems. Flow rates and durations are relatively rigid in a 
rotation system often resulting in additional tailwater.  
 
The reservoir provides growers with the ability to order flows and durations that are compatible 
with more efficient irrigation methods (such as pressurized irrigation systems) that can have 
significant agronomic and water use advantages. These advantages have prompted many growers 
to consider conversion. Although Beat 2 will continue to operate primarily on a rotation 
schedule, reservoir storage will increase the opportunities to provide water to growers outside of 
the normal rotation. This flexibility allows the farmer to more closely match deliveries to 
demands and cultural practices of the crop, thereby increasing on-farm water utilization and 
facilitating improved on-farm water management. It will also ensure that OUWUA can continue 
to meet the service needs of those growers who switch from flood irrigation to drip or micro-
spray to take advantage of the benefits provided by these irrigation technologies. 
 
In the feasibility investigation, the area irrigated with pressurized irrigation systems was assumed 
to grow four times faster than it would have if only new plantings of existing orchards were 
installed with pressurized irrigation systems. Assuming the area of permanent planting does not 
increase, this increased adoption rate was estimated to result in a two percent decrease in 
tailwater. 
 
Additionally, the increased flexibility afforded by the system improvements will allow growers 
to shut off delivery when irrigation is complete instead of letting it run until the end of their 
rotation, thereby reducing tailwater. Early delivery shutoffs can be accomplished by contacting 
and passing the delivery to the next grower in the rotation, or by notifying the ditch tender and 
having him make system adjustments to temporarily back the water out of the lateral to be stored 
in the reservoir. Irrigators along Lateral 210 can also shut off early with no advanced notice 
because the system is designed to automatically pass flow fluctuations in the main canal to the 
reservoir. Based on grower interviews, an additional reduction in tailwater of two percent of the 
delivered volume was estimated. 
 
In the 2006 water balance, tailwater was estimated to be 20 percent of on-farm deliveries. Project 
improvements were estimated to result in a 4 percent increase in on-farm efficiency, or a 
decrease in tailwater from 20 percent to 16 percent (as described in the previous paragraphs). 
However, the mechanisms for tailwater reduction are dependent on the timeliness and to extent 
of which growers react and utilize the additional flexibility. The implementation of pressurized 
irrigation systems is costly and typically occurs during the planting or replanting of orchards For 
these reasons, improvement is expected to be gradual; however, since completion of the Project, 
several growers (totaling 65 acres) within Beat 2 have converted to pressurized irrigation 
systems utilizing OUWUA surface water. An additional 40 acre parcel is planning to convert in 
2013. Other growers have also showed significant interest in the additional flexibility offered in 
early shutoffs. Therefore, it is estimated that, during the first year of operation, the Project 
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improvements resulted in an increase in on-farm efficiency of 1 percent, or a decrease in 
tailwater from 20 percent to 19 percent of delivered water. 16,103 acre-feet was delivered to 
farms in 2012. A 1 percent reduction in tailwater equates to a total flow path reduction of 161 
acre-feet.  

Reservoir Evaporation Flow Path 
Evaporation losses from the reservoir were estimated using a crop coefficient of 1.1, multiplied 
by reference evapotranspiration (ETo) from the Orland CIMIS station and the surface area of the 
proposed reservoir. Evaporation losses were estimated at 28 acre-feet over the course of the 
season. 

Actual project evaporation calculated using a crop coefficient of 1.1, multiplied by reference 
evapotranspiration (ETo) from the Gerber CIMIS station and the surface area of the reservoir. 
The Orland CIMIS station was discontinued in 2008. A total evaporative loss of 19 acre-feet was 
calculated.  

Reservoir Seepage Flow Path 
During project planning, reservoir seepage was estimated based on the wetted perimeter of the 
reservoir and an estimated seepage coefficient of 0.02 feet per day. This coefficient was 
developed under the assumption that the reservoir would be constructed with a geomembrane 
liner on the floor and side slopes. Further analysis during later stages of the design process 
determined that concrete side slope lining and a heavily compacted earthen floor would 
minimize seepage more economically.  

Actual seepage was measured during four separate ponding tests – one in April, one in May, and 
two in October. Reservoir stage during the April and May tests was measured using two pressure 
transducers installed for this purpose. The internal level sensors in the Rubicon gates were used 
for the October tests. For all tests, monitoring duration ranged from 2-3 days. The reservoir inlets 
and outlets were tightly sealed. Evaporation losses were subtracted from the total reservoir 
drawdown over the course of the testing period. Seepage coefficients from the tests were 
averaged across the year, and total seepage was calculated at 394 acre-feet. The slow deposition 
of void-filling silt on the reservoir floor greatly reduced the seepage coefficient from May to 
October. Seepage in future years is expected to remain at the October rate, or about 150 acre-feet 
per season. 

The combined savings from the various flow paths (Table 5) total and actual annual savings 
achieved during the first year of the project of 2,100 acre-feet, or about 62 percent of estimated 
and just outside the confidence interval. The reservoir spillage flow path was removed because 
the spillage location near the reservoir is no longer used. Confidence intervals for the reduced 
flow paths were updated to reflect the accuracy of measurement devices or methods used. The 
resulting confidence interval on the conservation estimate is 12 percent. Savings are expected to 
increase in subsequent years as OUWUA staff becomes more proficient in project operation and 
growers take advantage of the additional flexibility. 

Total cumulative recoverable and irrecoverable water savings for the life of the project are 
estimated to be 2,100 acre-feet (Table 6). 
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Table 5. Actual Total Project Water Savings from 2012 

Targeted Flow Path 
Flow Path 
Reduction, 
acre-feet 

CI1 

Spillage at Beck's Spill 1,469 12% 
Unrecorded Spillage to irrigated lands 825 5% 

Tailwater from irrigated lands 161 96% 
Reduced Deliveries (Reservoir area) 23 10% 

Total Conserved Water 2,478 10% 
New Flow Paths with Reservoir     

Reservoir Evaporation -19 25% 
Reservoir Seepage -394 20% 

Total New Flow Paths (Losses) -413 19% 
Total Conserved Water (Rounded to the nearest 100 acre-feet) 2,100 12% 

 
Table 6. Total Cumulative Water Savings for the Life of the Project 

Year Estimated Savings, AF 

2012 2,100 

Total 2,100 
 
The project reduces nonproductive ET (an irrecoverable loss), therefore, meeting CALFED Bay-
Delta Targeted Benefit (TB) 18. In addition, the project increases water available to the Bay-
Delta Watershed through a reduction in current diversions. 

3.2 In-stream Flow 
Provides additional flow in the Sacramento River below Keswick Dam, TB 13, as described 
previously. 

3.3 Water Quality 
Provides additional flow in the Sacramento River below Keswick Dam, as described previously, 
which improves aquatic ecosystem conditions. 

3.4 Energy 
The project has no direct energy efficiency impacts because reservoir inflow and outflow are 
gravity flow. Additionally, the new automated gates operate with energy generated by solar 
panels. To the extent that growers are able to reduce applied water as a result of increased 
delivery flexibility and are currently pressurizing irrigation water through the use of electrical 
pumps, some energy could be conserved. Additionally, to the extent that growers who are 
currently pumping groundwater and using electrical power, their surface water use will increase 
as a result of increased flexibility, and thus, reductions in energy for pumping will occur. 

3.5 Other 
The conserved water can be routed to the Tehama Colusa Canal (TCC), or other locations as 
transfers, with the potential to generate additional funds for future water management projects. 
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Appendix A.  Anticipated Project Benefits 
The project resulted in a greater water quantity being available to the Bay Delta Watershed 
through a reduction in spillage and non-beneficial ET. Water will remain in Orland project 
reservoirs, to be allocated at the discretion of the OUWUA to achieve local, regional and 
statewide benefits. Water can be released to Stony Creek or passed through Orland project canals 
to the Tehama Colusa Canal (TCC). With this increased operational flexibility, the following 
benefits become possible: 
 

• Provide instream flow to support the long-term Stony Creek environmental restoration and 
fishery resource management objectives of the various state and federal resource agencies. 

• Provide supplemental water supply to the TCCA service area 
• Provide supplemental water supply and operating flexibility to support other beneficial water 

uses within the Sacramento Valley 
• Reduce diversion from the Sacramento River at key periods to improve in-stream flow 

conditions 
• Provide long-term diversion flexibility to increase the water supply for beneficial uses 
• Decrease non-beneficial evaportranspiration (ET), thereby increasing net supplies available for 

beneficial uses 
 

Increased water releases to Stony Creek may provide benefits to the anadronomous fish 
population.  An additional benefit of increased flows in Stony Creek is recharge of the regional 
groundwater system, which is extensively developed to meet irrigation, municipal and other local 
and regional water demands. 
 
Water released into the Orland canals and passed to the TCC will allow for a reduction in TCC 
diversions at Red Bluff (through future exchange agreements). Thus, the conserved water could 
provide system benefits anywhere downstream of Red Bluff. 
 
The Orland Project has a very reliable water supply with shortages occurring in one out of every 
thirty years. In those years, the Project savings will result in increased reservoir carryover storage 
from the prior year, thereby providing local benefit in the form of limited drought protection. 
Additionally, depending on successful conclusion of negotiations with Reclamation, the 
OUWUA intends to use Project savings to engage in strategic water transfers, with transfer 
revenues used first to offset the Project’s increased operations and maintenance costs. Finally, 
the Project serves to demonstrate technological advancement, leading the OUWUA into an era of 
facilities modernization and improved water management. 
   
To achieve the abovementioned benefits, the Project design team utilized a specific planning 
process that was centered on estimates of with- and without-project water savings. The estimates 
of potential water savings were based on a comprehensive water balance prepared from the 2006 
irrigation season project records. The followings sections describe this planning process, the 
structure of the water balance and the estimation of with- and without-project water savings. 
 
In 2006, the OUWUA irrigation season ran from early May to late October and the total Beat 2 
inflow from the South Canal was just less than 21,300 acre-feet. Of this amount, just less than 
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14,000 acre-feet, or 66 percent, was recorded as delivered to water users. Twelve percent of the 
total inflow, or 2,600 acre-feet, flowed out of Beat 2 via Beck’s Spill, the primary spillage flow 
path targeted for reduction by implementation of the proposed regulating reservoir. After 
accounting for seepage and evaporation losses, just less than 3,800 acre-feet, or 18 percent, of 
the inflow volume had not been accounted for (Table A.1). 
 
The OUWUA ditch tender records delivery volume to growers based on the standard head 
delivered and the duration of the delivery. As described in TM 2, the ditch tender operates with 
two standard heads of 10 and 15 cfs. After accounting for losses, the delivered flow rates are 
assumed to be 6 and 11.5 cfs, respectively. Given the need to ensure that growers near the ends 
of the distribution system receive this volume of water, and the fact that the volume lost 
increases as distance to a delivery increases, it seems likely that growers near the beginning of 
Beat 2 receive greater deliveries than recorded. This greater than recorded delivery volume has 
been called “unrecorded deliveries” throughout this TM. 
 
However, if all the unaccounted inflow volume is assumed to be unrecorded deliveries, the 
fraction of delivered water consumed by crops, known as the irrigation consumptive use 
coefficient (ICUC), would be 59 percent for the 2006 irrigation season. Based on discussion with 
OUWUA staff, grower interviews and knowledge of similar irrigation systems, the ICUC 
seemed too low. Assuming half of the unaccounted inflow volume to be unrecorded deliveries 
results in an ICUC of 66 percent. This was more consistent with the anecdotal evidence from the 
grower interviews and OUWUA staff observations. Thus, the unaccounted water was assigned 
equally to unrecorded spillage and unrecorded deliveries. 
 
Total crop evapotranspiration (ETc) was estimated to be about 11,300 acre-feet during the 
irrigation season with 92 percent of this amount, or about 10,400 acre-feet, being ET of diverted 
irrigation water. The remaining eight percent of ET was from rainfall stored in the root zone 
from winter rainfall. Including recorded and unrecorded deliveries, the total inflow to the 
irrigated lands in Beat 2 is just over 15,825 acre-feet. Tailwater was estimated to be 20 percent, 
about 3,200 acre-feet, of the total.  The unrecorded spillage, approximately 1,900 acre-feet, was 
assumed to “flow through” the irrigated lands without contributing to ETc. After accounting for 
all the other outflows, 1,870 acre-feet, or 12 percent, had not been accounted for. This remainder 
of the inflow volume is deep percolation of applied water, the closure term (Table A.2).  
 
The flow paths targeted for conservation are, in decreasing order of priority: 1) measured flows 
at Beck’s Spill, and Beat 2) unrecorded spillage to irrigated lands and tailwater from irrigated 
lands. With the project, excesses of supply that would have either spilled through Beck’s spill or 
to irrigated lands will be stored in the proposed regulating reservoir.  With the project, growers 
will be able to reduce tailwater by shutting delivery off when their irrigation is complete, with 
the undelivered water stored in the regulating reservoir for future scheduled delivery. 
 
Confidence intervals were estimated for each term in the water balance based on published 
values of accuracy for the measurement devices utilized to measure flow and professional 
judgment. The Parshall flume at the head of Lateral 210 at the beginning of Beat 2 has a standard 
accuracy ranging from three to five percent (USBR, 1997). This standard accuracy is reduced 
due to the location of the flume just downstream from a 90 degree bend in the lateral and the



APPENDIX A                Water Use Efficiency Grant 
Orland Project Regulating Reservoir Construction  
Post Project Annual Report of Benefits and Costs  

Davids Engineering, Inc                      A-3                                                                                          March 2013 

Table A.1. Summary of 2006 OUWUA Beat 2 Canal Water Balance 

Source/Equation 

Inflow Outflows 

OUWUA 
Water 
Order 

Database 

OUWUA 
Water 
Order 

Database 

Measured 
Flows at 
Beck's 
Spill 

Estimated 
based on 
Concrete 

Lined 
Seepage 

Coefficient 
(0.24 

ft3/ft2/day)1 

Water 
Surface Area 

* ETo*1.1 

OUWUA 
Water 
Order 

Database 

Closure--Combination of 
Unrecorded Spillage and 

Deliveries to Irrigated 
Lands--Estimated as Equal 
Amounts of Spillage and 

Delivery 

Month 
No. of 
Days 

Beat 2 
Diversion, 
acre-feet 

Recorded 
Deliveries, 
acre-feet 

Measured 
Spill, 
acre-feet 

Seepage, 
acre-feet 

Evaporation, 
acre-feet 

Recorded 
Spill (not 
including 
Beck's 
Spill) , 
acre-feet 

Unrecorded 
Deliveries 
to Irrigated 
Lands, acre-
feet 

Unrecorded 
Spillage to 
Irrigated 
Lands, acre-
feet 

5 28 3,201 2,143 290 109 8 21 315 315 
6 30 4,409 2,842 472 130 11 104 425 425 
7 31 4,260 2,991 324 129 11 37 384 384 
8 31 3,933 2,560 507 127 10 40 344 344 
9 30 3,356 2,148 564 114 8 17 252 252 

10 26 2,120 1,259 443 76 4 13 162 162 
Total 176 21,279 13,943 2,600 685 52 232 1,882 1,882 
Percentage of Diversion 66% 12% 3% 0% 1% 9% 9% 

1Published seepage rates from lined canal ponding tests vary substantially. Two examples are 0.07 ft3/ft2/day for 3- to 4-inch concrete liner with good joint filler 
(USBR, 1994) and 0.24 ft3/ft2/day for “weathered and aged” concrete lining (Worstell, 1976).  Much of the lining in Beat 2 fits the “weathered and aged” 
description, thus, 0.24 ft3/ft2/day was selected as the seepage coefficient
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Table A.2. Summary of 2006 OUWUA Beat 2 Irrigated Lands Water Balance 

Source/ 
Equation 

Inflows Outflows 

(Recorded 
Deliveries) + 
(Unrecorded 
Deliveries to 

Irrigated 
Lands) 

Orland 
CIMIS 
Station 

#61 

Water 
Balance 
Closure  

Rainfall 
Water 

Balance 
Closure 

(District 
Deliveries)* 
(Estimated 
Tailwater 
percent)   

Rootzone 
Model 

Rootzone 
Model 

Rootzone 
Model 

Rootzone 
Model 

Rootzone 
Model 

Month 

District 
Deliveries, 
acre-feet 

Rainfall, 
acre-feet 

Deep 
Percolation 
of Applied 
Water, 
acre-feet 

Deep 
Percolation 
of Rainfall, 
acre-feet 

Tailwater, 
acre-feet 

Storage 
Change 
of 
Applied 
Water, 
acre-feet 

Rainfall 
Runoff, 
acre-feet 

ET of 
Applied 
Water, 
acre-feet 

ET of 
Rainfall, 
acre-feet 

Evaporation 
of Rainfall, 
acre-feet 

Storage 
Change 
of 
Rainfall, 
acre-feet1 

May-06 2,458 261 417 62 492 376 26 1,173 821 26 -675 
Jun-06 3,267 40 461 4 653 149 4 2,004 48 4 -19 
Jul-06 3,375 0 460 0 675 -6 0 2,245 2 0 -2 

Aug-06 2,904 0 242 0 581 -9 0 2,091 0 0 0 
Sep-06 2,400 0 196 0 480 15 0 1,710 0 0 0 
Oct-06 1,421 16 94 1 284 -108 2 1,151 12 2 0 

Total 15,825 317 1,870 67 3,165 417 32 10,374 883 32 -696 
Percentage of Deliveries 12%   20% 3%   66%       
1Negative values denote depletion of water stored in the root zone. 
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resulting confidence interval is estimated at 10 percent. Beck’s Spill flow volumes were 
measured with a measurement device rated based on current meter measurements. Accuracy of 
current meter measurements has been assessed to be 2.2 percent (Carter and Anderson, 1963). 
 
In addition to the measured spillage at Beck’s Spill, Beat 2 has an estimated 1,882 acre-feet of 
unrecorded spillage to irrigated lands. Operational benefit zones, described in TM 2, were 
defined with respect to expected reduction in on-farm spillage volume attributable to the project.  
The unrecorded on-farm spillage volume in each benefit zone was assumed to be proportional to 
the irrigated area in the zone. For example, benefit area one totaled 702 acres, or 15 percent, of 
the total area in Beat 2. Consequently, it was assumed that 15 percent of the total unrecorded on-
farm spillage volume, 282 acre-feet, occurred in benefit area one (Table A.3). Based on the 
location of the benefit area with respect to the reservoir and the difficulty of conveying a head 
from the benefit zone to the reservoir, a percent of on-farm spillage volume from each benefit 
zone that would be conveyed to the reservoir was estimated. Totaling the estimates from each 
benefit zone resulted in a with–project spillage reduction of 945 acre-feet. 
 

Table A.3. Estimated Reduction in On-farm Spillage by Benefit Zone 

Benefit 
Area1 

Area, 
acres 

Percent 
of total 
area, % 

Unrecorded 
on-farm 
spillage 

Percent 
conveyed to 
reservoir, % 

Reduction 
in on-farm 

spillage, 
acre-feet 

With-
project 
on-farm 
spillage 

1 702 15% 282 100% 282 0 

3 119 3% 56 50% 28 28 

5 1391 30% 565 25% 141 424 

2 856 18% 339 75% 254 85 

4 792 17% 320 50% 160 160 

6 800 17% 320 25% 80 240 
Total 4660 100% 1882   945 937 

1See Figure A.1. Benefit areas are ordered based on increasing distance from the Lateral 210 heading 
 
With-Project On-farm Efficiency 
Ten existing on-farm irrigation systems were inspected and the associated growers interviewed 
to provide information to complement the water balance, especially with respect to estimates of 
existing and with-project on-farm irrigation efficiency. Through the interviews, three 
mechanisms of on-farm savings were identified that align with the unmeasured “on-farm” 
spillage and tailwater flow paths. These mechanisms and associated savings estimates are 
discussed in the following paragraphs. 
 
The operation of a regulating reservoir on Beat 2 would provide growers with increased delivery 
flexibility, allowing them to shut off delivery when irrigation is complete, thereby reducing 
tailwater. Early delivery shutoffs could be accomplished by contacting and passing delivery to 
the next grower in the rotation, or by notifying the ditch rider of the shutoff and the ditch rider 
making system adjustments to store the undelivered water in the reservoir. The ability to convey  
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Figure A.1. Operational Benefit Zones in OUWUA Beat 2  
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flow into the reservoir from farm deliveries shut off early will depend upon the location and 
duration of the delivery. For growers to take advantage of this flexibility, they must be informed 
about the possibility and the related rules and procedures. Grower outreach will be proposed to 
inform growers about changes in procedures expected with the reservoir. The number of growers 
who take advantage of this flexibility will depend largely on the perceived benefits. Based on the 
interviews, the reduction in tailwater was estimated to be just 2 percent (from 20 to 18 percent) 
of the delivered water volume.  
 
Tailwater reduction is also expected to result from the project by its inducement of conversion 
from existing surface irrigation methods to pressurized irrigation systems.  In the interviews, 
almond and olive growers indicated an interest in converting to pressurized irrigation systems; 
however, conversion is expensive and typically occurs when an orchard is replanted. Growers 
indicated that the availability of flow rates other than the standard OUWUA “heads” made 
possible by the reservoir would increase the likelihood of conversion. The area irrigated with 
pressurized irrigation systems was assumed to grow four times faster than it would have if only 
new plantings of existing orchards were installed with a pressurized irrigation system. Assuming 
the area of permanent planting does not increase, this increased adoption rate resulted in a two 
percent decrease in tailwater. 
 
Combining the water savings associated with these two mechanisms indicates a tailwater 
reduction from 20 to 16 percent, or an estimated increase of four percent in on farm efficiency.  
This is a conservative estimate that could be easily reached or exceeded with an effective farmer 
education program. Improvement will likely be gradual. 
 
Total Project Water Savings 
With the reservoir, three new flow paths will be added to the Beat 2 water balance: 1) 
evaporation from the reservoir, 2) seepage from the reservoir and 3) spillage that may result if 
the reservoir fills to capacity. Water that leaves the area along these new flow paths must be 
quantified and included in the with-project scenario to obtain total project water savings. The 
quantification of these flow paths uses the same methods as for analogous flow paths in the Beat 
2 water balance. 
 
Evaporation is estimated with a crop coefficient of 1.1, reference evapotranspiration (ETo) from 
the Orland CIMIS station and the surface area of the proposed reservoir. Seepage is estimated 
based on the wetted perimeter of the proposed reservoir and an estimated seepage coefficient of 
0.02 ft per day. These two flow paths were estimated to have confidence intervals of 30 and 50 
percent, respectively. The spillage that would occur at the reservoir under with-project conditions 
was estimated in the spreadsheet simulation as three acre-feet with a confidence interval of ten 
percent. Including these new flow paths, the total project water savings are estimated to be 3,400 
acre-feet with a 95 percent confidence interval of ±30 percent (Table A.4).   
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Table A.4. Estimated Total Project Water Savings with Confidence Intervals 

Targeted Flow Path 

Without 
Project, 
acre-feet 

With-
project, 
acre-feet 

Flow Path 
Reduction, 
acre-feet CI1 

Spillage at Beck's Spill 2,600 729 1,871 7% 
Unrecorded Spillage to irrigated lands 1,882 937 945 96% 
Tailwater from irrigated lands 3,165 2,504 661 64% 
Reduced Deliveries (Reservoir area) 23 0 23 10% 
Total Conserved Water     3,500 25% 
          
New Flow Paths with Reservoir         
Reservoir Evaporation 0 28 -28 30% 
Reservoir Seepage 0 29 -29 50% 
Reservoir Spillage 0 8 -8 10% 
Total New Flow Paths (Losses)     -65 0% 
          
Total Conserved Water (Rounded to the nearest 100 acre-feet) 3,400 30% 

1Confidence Interval 
 
Confidence intervals were estimated for the 2006 Beat 2 water balance as described earlier. The 
with-project flow paths were assumed to have the same confidence interval as the without project 
flow paths to compute a confidence interval for the flow path reduction. The confidence intervals 
for the new flow paths with the reservoir were estimated similarly to analogous flow paths in the 
2006 Beat 2 water balance. Combining the confidence intervals following Clemmens and Burt 
(1997) results in a 30 percent confidence interval on the total project water savings of 3,400 acre-  
feet. This means the savings are estimated to be between 2,380 and 4,420 acre-feet with 95 
percent confidence.   
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Executive Summary 

The Orland Project Regulating Reservoir and Associated Canal Structure Improvements 
construction project (Project) was implemented to reduce spillage and increase the operational 
flexibility of a portion of the Orland Unit Water Users’ Association’s (OUWUA) system. The 
Project is located in north-eastern Glenn County near the town of Orland in the State of 
California. 

The improvements on Beat 2 included a 49.5 acre-foot regulating reservoir, 20 long crested 
weirs, eight automated overshot gates, one flap gate, and one automated slide gate. The 2013 
irrigation season was the second year of operation with the regulating reservoir and associated 
lateral improvements.  A verification-based modernization planning process estimated these 
improvements would save 3,400 acre-feet with a confidence interval of 30 percent.  The savings 
estimate was developed during a time when OUWUA was able to make two daily changes at the 
head of the South Canal.  One change was at 7 am and the last change was at 1 pm.   

In the second year of operation, the regulating reservoir and associated lateral improvements 
conserved 2,100 acre-feet of water, or about 62 percent of the average annual conservation 
estimated. The savings resulted from reduction of spillage at Beck’s spill, reduction of 
unrecorded spillage from sublaterals and less tailwater. 

The spillage reduction at Beck’s Spill1 was 87 percent of the estimated spillage reduction 
volume.  The reduction in unrecorded spillage from sublaterals was 57 percent of the estimate. 
This was less than estimated due to the addition of a third daily change at 6 pm at the South 
Canal heading.  This additional change was allowed in response to California’s drought 
condition.  By reducing flows later in the day, OUWUA keeps water in Black Butte Reservoir 
that, with only two flow changes, would have been saved in the regulating reservoir when flows 
into the sublaterals were cut back.  This reduces the savings attributable to the regulating 
reservoir.  The tailwater reduction is expected to increase slowly with time as area growers learn 
to use the additional flexibility available.   

Total cumulative recoverable and irrecoverable water savings for the first two years of the 
project are estimated to be 4,200 acre-feet (Table ES-1). 

Table ES-1. Total Cumulative Water Savings for the Life of the Project 

Year Estimated Savings, AF 

2012 2,100 

2013 2,100 

Total 4,200 

1 Beck’s Spill is the primary spill site for Beat 2. Comparison of pre- and post-project spillage at this site represents 
spillage reduction due to the system improvements.   
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1 Introduction 
 
The Orland Project Regulating Reservoir and Associated Canal Structure Improvements 
construction project (Project) was implemented to reduce spillage and increase the operational 
flexibility of a portion of the Orland Unit Water Users’ Association’s (OUWUA) system.  The 
Project is located in north-eastern Glenn County near the town of Orland in the State of 
California. 
 
This project integrates three Efficient Water Management Practices (water delivery flexibility, 
spill recovery system, and automated canal systems) to reduce spillage. The project integrates a 
49 acre-foot capacity regulating reservoir with canal automation to allow flow mismatches to be 
routed to the reservoir to be re-regulated and delivered to users, rather than spilled from the 
system.  Water temporarily stored in the regulating reservoir will also enable increased delivery 
flexibility. Water conserved by spillage reduction and increased delivery flexibility2 will result in 
less water diverted from project storage reservoirs. SCADA monitoring and control was 
implemented at selected structures along Lateral 210 to facilitate routing of flow mismatches to 
the regulating reservoir.  
 
The Project installed automated flow control and water level control overshot gates at 10 
different locations, including two reservoir outlets. All automated gates have controller logic 
hardware and software and measurement sensors. Long crested weirs were installed downstream 
of delivery locations and branching sub-laterals to provide constant upstream water levels for 
steady deliveries. 

2 Project Goals and Objectives 
 
The project goal is to increase water use efficiency through facilities improvements that provide 
canal operators the tools to reduce spillage and increase delivery flexibility. Facility 
improvements included a regulating reservoir and associated flow measurement and automated 
lateral structures to facilitate flow routing. The project will generate additional water supplies, a 
critical goal of regional water management plans, by reducing spillage leading directly to a 
reduction of diversions from project storage reservoirs. There were no changes to the initially 
stated project goals and objectives. 

3 Description of Benefits and Costs 
 
The benefits identified in the project proposal are included in Appendix A for reference. Following 
completion of the project, the benefits have not been revised and the benefits are now being realized.  
The project implementation cost was within project budget. The actual operation and maintenance 
costs for the second year of the project totaled $10,700. This is much lower than the annual O&M 
budget of $48,367 estimated during project planning3. However, lower costs are to be expected during 

                                                 
2 OUWUA currently delivers water on a rotational schedule. 
3 For planning and budgeting purposes, total annual operations and maintenances costs were originally estimated as 
2% and 3% of the total construction costs, respectively. 



Water Use Efficiency Grant (DWR Contract No. 4600007830)  
Orland Project Regulating Reservoir Construction 
Post Project Annual Report of Benefits and Costs 

Orland Unit Water Users’ Association                                                            3                                                                                                              February 2017 

the early years of the project when all facilities are new and in peak operating condition. O&M costs 
are expected to increase as the facilities age.  
 
The OUWUA has been able to significantly reduce spillage and improve delivery flexibility to 
growers in the Beat 2 area that is benefiting from the project. OUWUA anticipates additional 
water management improvements at the system and farm levels as Association staff become 
more familiar with the features of the new facilities, and growers realize the benefits. New tree 
crops irrigated by drip and micro irrigation systems are already being planted in the Beat 2 area 
to take advantage of the flexibility. 

3.1 Water Quantity 
The total annual water savings in 2013 was 2,100 acre-feet. These savings include savings of 
both recoverable and irrecoverable water. The irrecoverable water savings was of non-beneficial 
evaporation and ET that occurs from surface drains that carry the water away from the area. 
 
The verification of project savings requires that actual-project flow paths be compared to an 
estimate of flow paths if the project hadn’t been completed, according to the verification-based 
modernization and planning process (Appendix A). Estimates of with and without- project 
savings were based on a water balance prepared from 2006 irrigation season records. Total with-
project water savings were estimated at 3,400 acre-feet with a confidence interval of 30 percent 
(Table 1). 
 

Table 1. Estimated Total Project Water Savings with Confidence Intervals 

Targeted Flow Path 
Without 
Project, 
acre-feet 

With-
project, 
acre-feet 

Flow Path 
Reduction, 
acre-feet 

CI1 

Spillage at Beck's Spill 2,600 729 1,871 7% 
Unrecorded Spillage to irrigated lands 1,882 937 945 96% 
Tailwater from irrigated lands 3,165 2,504 661 64% 
Reduced Deliveries (Reservoir area) 23 0 23 10% 
Total Conserved Water     3,500 25% 
New Flow Paths with Reservoir         
Reservoir Evaporation 0 28 -28 30% 
Reservoir Seepage 0 29 -29 50% 
Reservoir Spillage 0 8 -8 10% 
Total New Flow Paths (Losses)     -65 0% 
Total Conserved Water (Rounded to the nearest 100 acre-feet) 3,400 30% 

      1Confidence Interval 

 
The flow paths that were identified for reduction were, in decreasing order of priority: spillage to 
Beck’s Spill, unrecorded spillage to irrigated lands, tailwater from irrigated lands and reduced 
deliveries to the regulating reservoir area. Three new flow paths resulting from the construction 
of the reservoir are reservoir evaporation, reservoir seepage and reservoir spillage. 
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Guidelines and strategies outlined by the Agricultural Water Management Council in their 
Monitoring and Verification Technical Memorandum were used for calculation and analysis of 
actual savings. 
 
Becks Spill Flow Path 
A reduction in spillage at Becks Spill was the primary target for the Project, and is an important 
performance indicator. As part of the feasibility investigation, Becks Spill was measured in both 
2005 and 2006. Changes in operational strategy and infrastructure improvements resulted in a 
decrease in spillage from 2,900 to 2,600 acre-feet in 2005 and 2006, respectively. Due to these 
changes, the 2006 irrigation season was considered more representative of future project 
operations and spillage magnitudes if the reservoir had not been constructed. The with-project 
spillage volume was estimated using a spreadsheet model to simulate reservoir operations on a 
15-minute time-step, based on operational procedures established for this project. The 
simulations estimated that the annual spillage at Beck’s spill could be reduced by 1,871 acre-feet. 
 
The actual project spillage was measured with a ramp flume constructed as part of the Project. 
Water stage upstream of the flume is measured with a pressure transducer inside of a stilling 
well, and recorded by the Association’s SCADA system. Total measured spillage at Becks Spill 
was 977 acre-feet for the 2013 irrigation season that started on March 15 and continued through 
October 31. Spillage volumes by month are summarized in Table 2. 
 

Table 2. Measured Monthly Spill Volumes for Becks Spill in 2013 

 
The total actual annual flow path reduction for Becks Spill was 1,623 acre-feet (2,600 - 977).  
 
Unrecorded Spillage to Irrigated Lands Flow Path 
Unrecorded spillage to irrigated lands from the Beat 2 canal system was estimated to be 1,882 
acre-feet. The reservoir and related automation was designed to capture on-farm spillage from 
several benefit zones. The unrecorded on-farm spillage volume in each benefit zone was 
assumed proportional to the irrigated area in the zone, and the on-farm spillage volume from 
each benefit zone that could be conveyed to the reservoir was estimated. The estimated spillage 
reduction from each benefit zone totaled 945 acre-feet. The estimated reduction by benefit zone 
is shown in Table 3.   
 
 

 

Month Spill Volume, AF
March 45
April 83
May 136
June 152
July 171

August 154
September 140

October 96
Total 977
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Table 3. Estimated Reduction in On-Farm Spillage by Benefit Zone 

Benefit 
Area 

Service 
Lateral 

Area, 
acres 

Percent 
of total 
area, % 

Unrecorded 
on-farm 

spillage, af 

Percent 
conveyed to 

reservoir 

Reduction 
in on-farm 

spillage 

With 
project 
on-farm 
spillage 

1 210 702 15% 282 100% 282 0 
3 220 119 3% 56 50% 28 28 
5 211, 220 1,391 30% 565 25% 141 424 
2 210 856 18% 339 75% 254 85 
4 212, 214 792 17% 320 50% 160 160 
6 230 800 17% 320 25% 80 240 

Total   4,660 100% 1,882   945 937 
 
The installation of automated gates at the Lateral 210 heading and at four sublateral headings has 
allowed operators to automatically make flow cutbacks at times when changes have historically 
not been made, specifically between the hours of 2000 (8 pm), corresponding to the last change 
allowed at the head of the South Canal at 1800 (6 pm) and 0700 (7 am).  The savings estimate 
was developed during a time when OUWUA was able to make two daily changes at the head of 
the South Canal.  One change was at 0700 (7 am) and the last change was at 1300 (1 pm).   
 
Prior to the installation of the automated gates, flows in excess of the delivery demands would be 
allowed to spill out the ends of sublaterals or spill on to growers land (i.e. unrecorded spillage to 
irrigated lands). With the automated gates installed by the project, cut backs can be scheduled to 
automatically occur during the night and the additional flow resulting in lateral 210 from 
sublaterals upstream from the reservoir (Lateral 220) pass over the inlet weir and are stored in 
the reservoir. Cutbacks from laterals downstream of the reservoir are also stored by 
automatically adjusting the reservoir outlet gates. These cutbacks were not possible before the 
automatic gates were installed at these sublateral headings.  
 
SCADA flow records from the automated gates were analyzed and all flow reductions greater or 
equal to 2 CFS, and between the hours of approximately 2000 and 0700, were assumed to result 
in reductions in unrecorded spillage. The magnitude of the cutback was multiplied by the time 
until the next water order change (0700) to determine the reduction in volume of unrecorded 
spillage. Prior to the installation of the automatic gates, the ditch tender would not have been 
able to make these cuts during the night and this volume would have spilled from the sublaterals. 
The resulting water savings was 536 acre-feet and are summarized by lateral in Table 4.  These 
cutbacks were captured in the reservoir, regulated and redistributed. 
 
The savings are about 57 percent of the estimate because of the additional daily change at 6 pm 
at the South Canal heading.  This additional change was requested and allowed in response to 
California’s drought condition.  By reducing flows later in the day, OUWUA keeps water in 
Black Butte Reservoir that, with only two flow changes, would have been saved in the regulating 
reservoir when flows into the sublaterals were cut back.  This reduces the savings attributable to 
the regulating reservoir resulting from sublateral cutbacks. 
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Table 4. Calculated Savings of On-Farm Spillage due to Lateral Heading Cut-backs in 2013 

Lateral Travel Time from South 
Canal Heading, Hours 

Total Cutback 
Vol, AF 

Lateral 10 2:30 92 

Deliveries in Lateral 210 Upstream of Reservoir 1:30 to 3:30 84 

Sublateral 212 3:30 56 

Sublateral 220 3:00 172 

Sublateral 230 4:00 132 

Sublateral 214 5:00 0 
Total = 536 

  
 
Tailwater from Irrigated Lands Flow Path 
The construction of the regulating reservoir, automated gates and long crested weirs greatly 
increased opportunities for OUWUA to provide flexible delivery service to growers. Growers 
interviewed during the feasibility investigation indicated that the availability of flow rates other 
than the standard OUWUA “heads” made possible by the reservoir would increase the likelihood 
of conversion to pressurized irrigation systems. Flow rates and durations are relatively rigid in a 
rotation system often resulting in additional tailwater.  
 
The reservoir provides growers with the ability to order flows and durations that are compatible 
with more efficient irrigation methods (such as pressurized irrigation systems) that can have 
significant agronomic and water use advantages. These advantages have prompted many growers 
to consider conversion. Although Beat 2 will continue to operate primarily on a rotation 
schedule, reservoir storage will increase the opportunities to provide water to growers outside of 
the normal rotation. This flexibility allows the farmer to more closely match deliveries to 
demands and cultural practices of the crop, thereby increasing on-farm water utilization and 
facilitating improved on-farm water management. It will also ensure that OUWUA can continue 
to meet the service needs of those growers who switch from flood irrigation to drip or micro-
spray to take advantage of the benefits provided by these irrigation technologies. 
 
In the feasibility investigation, the area irrigated with pressurized irrigation systems was assumed 
to grow four times faster than it would have if only new plantings of existing orchards were 
installed with pressurized irrigation systems. Assuming the area of permanent planting does not 
increase, this increased adoption rate was estimated to result in a two percent decrease in 
tailwater. 
 
Additionally, the increased flexibility afforded by the system improvements will allow growers 
to shut off delivery when irrigation is complete instead of letting it run until the end of their 
rotation, thereby reducing tailwater. Early delivery shutoffs can be accomplished by contacting 
and passing the delivery to the next grower in the rotation, or by notifying the ditch tender and 
having him make system adjustments to temporarily back the water out of the lateral to be stored 
in the reservoir. Irrigators along Lateral 210 can also shut off early with no advanced notice 
because the system is designed to automatically pass flow fluctuations in the main canal to the 
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reservoir. Based on grower interviews, an additional reduction in tailwater of two percent of the 
delivered volume was estimated. 
 
In the 2006 water balance, tailwater was estimated to be 20 percent of on-farm deliveries. Project 
improvements were estimated to result in a 4 percent increase in on-farm efficiency, or a 
decrease in tailwater from 20 percent to 16 percent (as described in the previous paragraphs). 
However, the mechanisms for tailwater reduction are dependent on the timeliness and the extent 
to which growers react and utilize the additional flexibility. The implementation of pressurized 
irrigation systems is costly and typically occurs during the planting or replanting of orchards For 
these reasons, improvement is expected to be gradual; however, since completion of the Project, 
several growers (totaling 65 acres) within Beat 2 have converted to pressurized irrigation 
systems utilizing OUWUA surface water. Another 40 acre parcel (37.5 acres irrigated) converted 
to a pressurized system in 2013. Other growers have also showed significant interest in the 
additional flexibility offered in early shutoffs. Therefore, it is estimated that, during the second 
year of operation, the Project improvements resulted in an additional increase in on-farm 
efficiency of two percent, for a total decrease in tailwater from 20 percent to 18 percent of 
delivered water. In 2013, 16,568 acre-feet was delivered to farms. A two percent reduction in 
tailwater equates to a total flow path reduction of 331 acre-feet.  
  
Reservoir Evaporation Flow Path 
Evaporation losses from the reservoir were estimated using a crop coefficient of 1.1, multiplied 
by reference evapotranspiration (ETo) from the Orland CIMIS station and the surface area of the 
proposed reservoir. Evaporation losses were estimated at 28 acre-feet over the course of the 
season.  The estimated total evaporative loss of 28 acre-feet estimated was used because the 
season length in 2013 was approximately the same as the season length used to develop the 
estimate.  
 
Reservoir Seepage Flow Path 
During project planning, reservoir seepage was estimated based on the wetted perimeter of the 
reservoir and an estimated seepage coefficient of 0.02 feet per day. This coefficient was 
developed under the assumption that the reservoir would be constructed with a geomembrane 
liner on the floor and side slopes. Further analysis during later stages of the design process 
determined that concrete side slope lining and a heavily compacted earthen floor would 
minimize seepage more economically.  
 
Actual seepage was measured during four separate ponding tests – one in April, one in May, and 
two in October. Reservoir stage during the April and May tests was measured using two pressure 
transducers installed for this purpose. The internal level sensors in the Rubicon gates were used 
for the October tests. For all tests, monitoring duration ranged from 2-3 days. The reservoir inlets 
and outlets were tightly sealed. Evaporation losses were subtracted from the total reservoir 
drawdown over the course of the testing period. Seepage coefficients from the tests were 
averaged across the year, and total seepage was calculated at 394 acre-feet. The slow deposition 
of void-filling silt on the reservoir floor greatly reduced the seepage coefficient from May to 
October. Seepage in future years is expected to remain at the October rate, or about 150 acre-feet 
per season. 
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The combined savings from the various flow paths (Table 5) total and actual annual savings 
achieved during the second year of the project of 2,100 acre-feet, or about 62 percent of 
estimated and just outside the confidence interval. The reservoir spillage flow path was removed 
because the spillage location near the reservoir is no longer used. Confidence intervals for the 
reduced flow paths were updated to reflect the accuracy of measurement devices or methods 
used. The resulting confidence interval on the conservation estimate is 12 percent. Savings are 
expected to increase in subsequent years as OUWUA staff becomes more proficient in project 
operation and growers take advantage of the additional flexibility. 
 
Total cumulative recoverable and irrecoverable water savings for the first two years of the 
project are estimated to be 4,200 acre-feet (Table 6). 
 

Table 5. Actual Total Project Water Savings in 2013 

Targeted Flow Path 
Flow Path 
Reduction, 
acre-feet 

CI1 

Spillage at Beck's Spill 1,469 12% 
Unrecorded Spillage to irrigated lands 825 5% 

Tailwater from irrigated lands 161 96% 
Reduced Deliveries (Reservoir area) 23 10% 

Total Conserved Water 2,478 10% 
New Flow Paths with Reservoir     

Reservoir Evaporation -19 25% 
Reservoir Seepage -394 20% 

Total New Flow Paths (Losses) -413 19% 
Total Conserved Water (Rounded to the nearest 100 acre-feet) 2,100 12% 

 
Table 6. Total Cumulative Water Savings for the Life of the Project 

Year Estimated Savings, AF 

2012 2,100 

2013 2,100 

Total 4,200 
 
The project reduces nonproductive ET (an irrecoverable loss), therefore, meeting CALFED Bay-
Delta Targeted Benefit (TB) 18. In addition, the project increases water available to the Bay-
Delta Watershed through a reduction in current diversions. 

3.2 In-stream Flow 
Provides additional flow in the Sacramento River below Keswick Dam, TB 13, as described 
previously. 

3.3 Water Quality 
Provides additional flow in the Sacramento River below Keswick Dam, as described previously, 
which improves aquatic ecosystem conditions. 
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3.4 Energy 
The project has no direct energy efficiency impacts because reservoir inflow and outflow are 
gravity flow. Additionally, the new automated gates operate with energy generated by solar 
panels. To the extent that growers are able to reduce applied water as a result of increased 
delivery flexibility and are currently pressurizing irrigation water through the use of electrical 
pumps, some energy could be conserved. Additionally, to the extent that growers who are 
currently pumping groundwater and using electrical power, their surface water use will increase 
as a result of increased flexibility, and thus, reductions in energy for pumping will occur. 

3.5 Other 
The conserved water can be routed to the Tehama Colusa Canal (TCC), or other locations as 
transfers, with the potential to generate additional funds for future water management projects. 
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Appendix A.  Anticipated Project Benefits 
The project resulted in a greater water quantity being available to the Bay Delta Watershed 
through a reduction in spillage and non-beneficial ET. Water will remain in Orland project 
reservoirs, to be allocated at the discretion of the OUWUA to achieve local, regional and 
statewide benefits. Water can be released to Stony Creek or passed through Orland project canals 
to the Tehama Colusa Canal (TCC). With this increased operational flexibility, the following 
benefits become possible: 
 

• Provide instream flow to support the long-term Stony Creek environmental restoration and 
fishery resource management objectives of the various state and federal resource agencies. 

• Provide supplemental water supply to the TCCA service area 
• Provide supplemental water supply and operating flexibility to support other beneficial water 

uses within the Sacramento Valley 
• Reduce diversion from the Sacramento River at key periods to improve in-stream flow 

conditions 
• Provide long-term diversion flexibility to increase the water supply for beneficial uses 
• Decrease non-beneficial evaportranspiration (ET), thereby increasing net supplies available for 

beneficial uses 
 

Increased water releases to Stony Creek may provide benefits to the anadronomous fish 
population.  An additional benefit of increased flows in Stony Creek is recharge of the regional 
groundwater system, which is extensively developed to meet irrigation, municipal and other local 
and regional water demands. 
 
Water released into the Orland canals and passed to the TCC will allow for a reduction in TCC 
diversions at Red Bluff (through future exchange agreements). Thus, the conserved water could 
provide system benefits anywhere downstream of Red Bluff. 
 
The Orland Project has a very reliable water supply with shortages occurring in one out of every 
thirty years. In those years, the Project savings will result in increased reservoir carryover storage 
from the prior year, thereby providing local benefit in the form of limited drought protection. 
Additionally, depending on successful conclusion of negotiations with Reclamation, the 
OUWUA intends to use Project savings to engage in strategic water transfers, with transfer 
revenues used first to offset the Project’s increased operations and maintenance costs. Finally, 
the Project serves to demonstrate technological advancement, leading the OUWUA into an era of 
facilities modernization and improved water management. 
   
To achieve the abovementioned benefits, the Project design team utilized a specific planning 
process that was centered on estimates of with- and without-project water savings. The estimates 
of potential water savings were based on a comprehensive water balance prepared from the 2006 
irrigation season project records. The followings sections describe this planning process, the 
structure of the water balance and the estimation of with- and without-project water savings. 
 
In 2006, the OUWUA irrigation season ran from early May to late October and the total Beat 2 
inflow from the South Canal was just less than 21,300 acre-feet. Of this amount, just less than 
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14,000 acre-feet, or 66 percent, was recorded as delivered to water users. Twelve percent of the 
total inflow, or 2,600 acre-feet, flowed out of Beat 2 via Beck’s Spill, the primary spillage flow 
path targeted for reduction by implementation of the proposed regulating reservoir. After 
accounting for seepage and evaporation losses, just less than 3,800 acre-feet, or 18 percent, of 
the inflow volume had not been accounted for (Table A.1). 
 
The OUWUA ditch tender records delivery volume to growers based on the standard head 
delivered and the duration of the delivery. As described in TM 2, the ditch tender operates with 
two standard heads of 10 and 15 cfs. After accounting for losses, the delivered flow rates are 
assumed to be 6 and 11.5 cfs, respectively. Given the need to ensure that growers near the ends 
of the distribution system receive this volume of water, and the fact that the volume lost 
increases as distance to a delivery increases, it seems likely that growers near the beginning of 
Beat 2 receive greater deliveries than recorded. This greater than recorded delivery volume has 
been called “unrecorded deliveries” throughout this TM. 
 
However, if all the unaccounted inflow volume is assumed to be unrecorded deliveries, the 
fraction of delivered water consumed by crops, known as the irrigation consumptive use 
coefficient (ICUC), would be 59 percent for the 2006 irrigation season. Based on discussion with 
OUWUA staff, grower interviews and knowledge of similar irrigation systems, the ICUC 
seemed too low. Assuming half of the unaccounted inflow volume to be unrecorded deliveries 
results in an ICUC of 66 percent. This was more consistent with the anecdotal evidence from the 
grower interviews and OUWUA staff observations. Thus, the unaccounted water was assigned 
equally to unrecorded spillage and unrecorded deliveries. 
 
Total crop evapotranspiration (ETc) was estimated to be about 11,300 acre-feet during the 
irrigation season with 92 percent of this amount, or about 10,400 acre-feet, being ET of diverted 
irrigation water. The remaining eight percent of ET was from rainfall stored in the root zone 
from winter rainfall. Including recorded and unrecorded deliveries, the total inflow to the 
irrigated lands in Beat 2 is just over 15,825 acre-feet. Tailwater was estimated to be 20 percent, 
about 3,200 acre-feet, of the total.  The unrecorded spillage, approximately 1,900 acre-feet, was 
assumed to “flow through” the irrigated lands without contributing to ETc. After accounting for 
all the other outflows, 1,870 acre-feet, or 12 percent, had not been accounted for. This remainder 
of the inflow volume is deep percolation of applied water, the closure term (Table A.2).  
 
The flow paths targeted for conservation are, in decreasing order of priority: 1) measured flows 
at Beck’s Spill, and Beat 2) unrecorded spillage to irrigated lands and tailwater from irrigated 
lands. With the project, excesses of supply that would have either spilled through Beck’s spill or 
to irrigated lands will be stored in the proposed regulating reservoir.  With the project, growers 
will be able to reduce tailwater by shutting delivery off when their irrigation is complete, with 
the undelivered water stored in the regulating reservoir for future scheduled delivery. 
 
Confidence intervals were estimated for each term in the water balance based on published 
values of accuracy for the measurement devices utilized to measure flow and professional 
judgment. The Parshall flume at the head of Lateral 210 at the beginning of Beat 2 has a standard 
accuracy ranging from three to five percent (USBR, 1997). This standard accuracy is reduced 
due to the location of the flume just downstream from a 90 degree bend in the lateral and the
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Table A.1. Summary of 2006 OUWUA Beat 2 Canal Water Balance 

Source/Equation 

Inflow Outflows 

OUWUA 
Water 
Order 

Database 

OUWUA 
Water 
Order 

Database 

Measured 
Flows at 
Beck's 
Spill 

Estimated 
based on 
Concrete 

Lined 
Seepage 

Coefficient 
(0.24 

ft3/ft2/day)1 

Water 
Surface Area 

* ETo*1.1 

OUWUA 
Water 
Order 

Database 

Closure--Combination of 
Unrecorded Spillage and 

Deliveries to Irrigated 
Lands--Estimated as Equal 
Amounts of Spillage and 

Delivery 

Month 
No. of 
Days 

Beat 2 
Diversion, 
acre-feet 

Recorded 
Deliveries, 
acre-feet 

Measured 
Spill, 
acre-feet 

Seepage, 
acre-feet 

Evaporation, 
acre-feet 

Recorded 
Spill (not 
including 
Beck's 
Spill) , 
acre-feet 

Unrecorded 
Deliveries 
to Irrigated 
Lands, acre-
feet 

Unrecorded 
Spillage to 
Irrigated 
Lands, acre-
feet 

5 28 3,201 2,143 290 109 8 21 315 315 
6 30 4,409 2,842 472 130 11 104 425 425 
7 31 4,260 2,991 324 129 11 37 384 384 
8 31 3,933 2,560 507 127 10 40 344 344 
9 30 3,356 2,148 564 114 8 17 252 252 

10 26 2,120 1,259 443 76 4 13 162 162 
Total 176 21,279 13,943 2,600 685 52 232 1,882 1,882 
Percentage of Diversion 66% 12% 3% 0% 1% 9% 9% 

1Published seepage rates from lined canal ponding tests vary substantially. Two examples are 0.07 ft3/ft2/day for 3- to 4-inch concrete liner with good joint filler 
(USBR, 1994) and 0.24 ft3/ft2/day for “weathered and aged” concrete lining (Worstell, 1976).  Much of the lining in Beat 2 fits the “weathered and aged” 
description, thus, 0.24 ft3/ft2/day was selected as the seepage coefficient
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Table A.2. Summary of 2006 OUWUA Beat 2 Irrigated Lands Water Balance 

Source/ 
Equation 

Inflows Outflows 

(Recorded 
Deliveries) + 
(Unrecorded 
Deliveries to 

Irrigated 
Lands) 

Orland 
CIMIS 
Station 

#61 

Water 
Balance 
Closure  

Rainfall 
Water 

Balance 
Closure 

(District 
Deliveries)* 
(Estimated 
Tailwater 
percent)   

Rootzone 
Model 

Rootzone 
Model 

Rootzone 
Model 

Rootzone 
Model 

Rootzone 
Model 

Month 

District 
Deliveries, 
acre-feet 

Rainfall, 
acre-feet 

Deep 
Percolation 
of Applied 
Water, 
acre-feet 

Deep 
Percolation 
of Rainfall, 
acre-feet 

Tailwater, 
acre-feet 

Storage 
Change 
of 
Applied 
Water, 
acre-feet 

Rainfall 
Runoff, 
acre-feet 

ET of 
Applied 
Water, 
acre-feet 

ET of 
Rainfall, 
acre-feet 

Evaporation 
of Rainfall, 
acre-feet 

Storage 
Change 
of 
Rainfall, 
acre-feet1 

May-06 2,458 261 417 62 492 376 26 1,173 821 26 -675 
Jun-06 3,267 40 461 4 653 149 4 2,004 48 4 -19 
Jul-06 3,375 0 460 0 675 -6 0 2,245 2 0 -2 

Aug-06 2,904 0 242 0 581 -9 0 2,091 0 0 0 
Sep-06 2,400 0 196 0 480 15 0 1,710 0 0 0 
Oct-06 1,421 16 94 1 284 -108 2 1,151 12 2 0 

Total 15,825 317 1,870 67 3,165 417 32 10,374 883 32 -696 
Percentage of Deliveries 12%   20% 3%   66%       
1Negative values denote depletion of water stored in the root zone. 



APPENDIX A  Water Use Efficiency Grant  
Orland Project Regulating Reservoir Construction  
Post Project Annual Report of Benefits and Costs  

Davids Engineering, Inc                                                      A-5                                                                    March 2013 

resulting confidence interval is estimated at 10 percent. Beck’s Spill flow volumes were 
measured with a measurement device rated based on current meter measurements. Accuracy of 
current meter measurements has been assessed to be 2.2 percent (Carter and Anderson, 1963). 
 
In addition to the measured spillage at Beck’s Spill, Beat 2 has an estimated 1,882 acre-feet of 
unrecorded spillage to irrigated lands. Operational benefit zones, described in TM 2, were 
defined with respect to expected reduction in on-farm spillage volume attributable to the project.  
The unrecorded on-farm spillage volume in each benefit zone was assumed to be proportional to 
the irrigated area in the zone. For example, benefit area one totaled 702 acres, or 15 percent, of 
the total area in Beat 2. Consequently, it was assumed that 15 percent of the total unrecorded on-
farm spillage volume, 282 acre-feet, occurred in benefit area one (Table A.3). Based on the 
location of the benefit area with respect to the reservoir and the difficulty of conveying a head 
from the benefit zone to the reservoir, a percent of on-farm spillage volume from each benefit 
zone that would be conveyed to the reservoir was estimated. Totaling the estimates from each 
benefit zone resulted in a with–project spillage reduction of 945 acre-feet. 
 

Table A.3. Estimated Reduction in On-farm Spillage by Benefit Zone 

Benefit 
Area1 

Area, 
acres 

Percent 
of total 
area, % 

Unrecorded 
on-farm 
spillage 

Percent 
conveyed to 
reservoir, % 

Reduction 
in on-farm 

spillage, 
acre-feet 

With-
project 
on-farm 
spillage 

1 702 15% 282 100% 282 0 

3 119 3% 56 50% 28 28 

5 1391 30% 565 25% 141 424 

2 856 18% 339 75% 254 85 

4 792 17% 320 50% 160 160 

6 800 17% 320 25% 80 240 
Total 4660 100% 1882   945 937 

1See Figure A.1. Benefit areas are ordered based on increasing distance from the Lateral 210 heading 
 
With-Project On-farm Efficiency 
Ten existing on-farm irrigation systems were inspected and the associated growers interviewed 
to provide information to complement the water balance, especially with respect to estimates of 
existing and with-project on-farm irrigation efficiency. Through the interviews, three 
mechanisms of on-farm savings were identified that align with the unmeasured “on-farm” 
spillage and tailwater flow paths. These mechanisms and associated savings estimates are 
discussed in the following paragraphs. 
 
The operation of a regulating reservoir on Beat 2 would provide growers with increased delivery 
flexibility, allowing them to shut off delivery when irrigation is complete, thereby reducing 
tailwater. Early delivery shutoffs could be accomplished by contacting and passing delivery to 
the next grower in the rotation, or by notifying the ditch rider of the shutoff and the ditch rider 
making system adjustments to store the undelivered water in the reservoir. The ability to convey  
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Figure A.1. Operational Benefit Zones in OUWUA Beat 2  
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flow into the reservoir from farm deliveries shut off early will depend upon the location and 
duration of the delivery. For growers to take advantage of this flexibility, they must be informed 
about the possibility and the related rules and procedures. Grower outreach will be proposed to 
inform growers about changes in procedures expected with the reservoir. The number of growers 
who take advantage of this flexibility will depend largely on the perceived benefits. Based on the 
interviews, the reduction in tailwater was estimated to be just 2 percent (from 20 to 18 percent) 
of the delivered water volume.  
 
Tailwater reduction is also expected to result from the project by its inducement of conversion 
from existing surface irrigation methods to pressurized irrigation systems.  In the interviews, 
almond and olive growers indicated an interest in converting to pressurized irrigation systems; 
however, conversion is expensive and typically occurs when an orchard is replanted. Growers 
indicated that the availability of flow rates other than the standard OUWUA “heads” made 
possible by the reservoir would increase the likelihood of conversion. The area irrigated with 
pressurized irrigation systems was assumed to grow four times faster than it would have if only 
new plantings of existing orchards were installed with a pressurized irrigation system. Assuming 
the area of permanent planting does not increase, this increased adoption rate resulted in a two 
percent decrease in tailwater. 
 
Combining the water savings associated with these two mechanisms indicates a tailwater 
reduction from 20 to 16 percent, or an estimated increase of four percent in on farm efficiency.  
This is a conservative estimate that could be easily reached or exceeded with an effective farmer 
education program. Improvement will likely be gradual. 
 
Total Project Water Savings 
With the reservoir, three new flow paths will be added to the Beat 2 water balance: 1) 
evaporation from the reservoir, 2) seepage from the reservoir and 3) spillage that may result if 
the reservoir fills to capacity. Water that leaves the area along these new flow paths must be 
quantified and included in the with-project scenario to obtain total project water savings. The 
quantification of these flow paths uses the same methods as for analogous flow paths in the Beat 
2 water balance. 
 
Evaporation is estimated with a crop coefficient of 1.1, reference evapotranspiration (ETo) from 
the Orland CIMIS station and the surface area of the proposed reservoir. Seepage is estimated 
based on the wetted perimeter of the proposed reservoir and an estimated seepage coefficient of 
0.02 ft per day. These two flow paths were estimated to have confidence intervals of 30 and 50 
percent, respectively. The spillage that would occur at the reservoir under with-project conditions 
was estimated in the spreadsheet simulation as three acre-feet with a confidence interval of ten 
percent. Including these new flow paths, the total project water savings are estimated to be 3,400 
acre-feet with a 95 percent confidence interval of ±30 percent (Table A.4).   
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Table A.4. Estimated Total Project Water Savings with Confidence Intervals 

Targeted Flow Path 

Without 
Project, 
acre-feet 

With-
project, 
acre-feet 

Flow Path 
Reduction, 
acre-feet CI1 

Spillage at Beck's Spill 2,600 729 1,871 7% 
Unrecorded Spillage to irrigated lands 1,882 937 945 96% 
Tailwater from irrigated lands 3,165 2,504 661 64% 
Reduced Deliveries (Reservoir area) 23 0 23 10% 
Total Conserved Water     3,500 25% 
          
New Flow Paths with Reservoir         
Reservoir Evaporation 0 28 -28 30% 
Reservoir Seepage 0 29 -29 50% 
Reservoir Spillage 0 8 -8 10% 
Total New Flow Paths (Losses)     -65 0% 
          
Total Conserved Water (Rounded to the nearest 100 acre-feet) 3,400 30% 

1Confidence Interval 
 
Confidence intervals were estimated for the 2006 Beat 2 water balance as described earlier. The 
with-project flow paths were assumed to have the same confidence interval as the without project 
flow paths to compute a confidence interval for the flow path reduction. The confidence intervals 
for the new flow paths with the reservoir were estimated similarly to analogous flow paths in the 
2006 Beat 2 water balance. Combining the confidence intervals following Clemmens and Burt 
(1997) results in a 30 percent confidence interval on the total project water savings of 3,400 acre-  
feet. This means the savings are estimated to be between 2,380 and 4,420 acre-feet with 95 
percent confidence.   
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Executive Summary 
 
The Orland Project Regulating Reservoir and Associated Canal Structure Improvements 
construction project (Project) was implemented to reduce spillage and increase the operational 
flexibility of a portion of the Orland Unit Water Users’ Association’s (OUWUA) system. The 
Project is located in north-eastern Glenn County near the town of Orland in the State of 
California. 
 
The improvements on Beat 2 included a 49.5 acre-foot regulating reservoir, 20 long crested 
weirs, eight automated overshot gates, one flap gate, and one automated slide gate. The 2013 
irrigation season was the second year of operation with the regulating reservoir and associated 
lateral improvements.  A verification-based modernization planning process estimated these 
improvements would save 3,400 acre-feet with a confidence interval of 30 percent.  The savings 
estimate was developed during a time when OUWUA was able to make two daily changes at the 
head of the South Canal.  One change was at 7 am and the last change was at 1 pm.   
 
In the second year of operation, the regulating reservoir and associated lateral improvements 
conserved 2,200 acre-feet of water, or about 65 percent of the average annual conservation 
estimated. The savings resulted from reduction of spillage at Beck’s spill, reduction of 
unrecorded spillage from sublaterals and less tailwater. 
 
The spillage reduction at Beck’s Spill1 was 111 percent of the estimated spillage reduction 
volume.  The reduction in unrecorded spillage from sublaterals was 33 percent of the estimate. 
This was less than estimated due to the addition of a third daily change at 6 pm at the South 
Canal heading.  This additional change was allowed in response to California’s drought 
condition.  By reducing flows later in the day, OUWUA keeps water in Black Butte Reservoir 
that, with only two flow changes, would have been saved in the regulating reservoir when flows 
into the sublaterals were cut back.  This reduces the savings attributable to the regulating 
reservoir.  The tailwater reduction is expected to increase slowly with time as area growers learn 
to use the additional flexibility available.   
 
Total cumulative recoverable and irrecoverable water savings for the first three years of the 
project are estimated to be 6,400 acre-feet (Table ES-1). 
 

Table ES-1. Total Cumulative Water Savings for the Life of the Project 

 
  

                                                 
1 Beck’s Spill is the primary spill site for Beat 2. Comparison of pre- and post-project spillage at this site represents 
spillage reduction due to the system improvements.   

Year Estimated Savings, AF
2012 2,100
2013 2,100
2014 2,200

Total 6,400
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1 Introduction 
 
The Orland Project Regulating Reservoir and Associated Canal Structure Improvements 
construction project (Project) was implemented to reduce spillage and increase the operational 
flexibility of a portion of the Orland Unit Water Users’ Association’s (OUWUA) system.  The 
Project is located in north-eastern Glenn County near the town of Orland in the State of 
California. 
 
This project integrates three Efficient Water Management Practices (water delivery flexibility, 
spill recovery system, and automated canal systems) to reduce spillage. The project integrates a 
49 acre-foot capacity regulating reservoir with canal automation to allow flow mismatches to be 
routed to the reservoir to be re-regulated and delivered to users, rather than spilled from the 
system.  Water temporarily stored in the regulating reservoir will also enable increased delivery 
flexibility. Water conserved by spillage reduction and increased delivery flexibility2 will result in 
less water diverted from project storage reservoirs. SCADA monitoring and control was 
implemented at selected structures along Lateral 210 to facilitate routing of flow mismatches to 
the regulating reservoir.  
 
The Project installed automated flow control and water level control overshot gates at 10 
different locations, including two reservoir outlets. All automated gates have controller logic 
hardware and software and measurement sensors. Long crested weirs were installed downstream 
of delivery locations and branching sub-laterals to provide constant upstream water levels for 
steady deliveries. 

2 Project Goals and Objectives 
 
The project goal is to increase water use efficiency through facilities improvements that provide 
canal operators the tools to reduce spillage and increase delivery flexibility. Facility 
improvements included a regulating reservoir and associated flow measurement and automated 
lateral structures to facilitate flow routing. The project will generate additional water supplies, a 
critical goal of regional water management plans, by reducing spillage leading directly to a 
reduction of diversions from project storage reservoirs. There were no changes to the initially 
stated project goals and objectives. 

3 Description of Benefits and Costs 
 
The benefits identified in the project proposal are included in Appendix A for reference. Following 
completion of the project, the benefits have not been revised and the benefits are now being realized.  
The project implementation cost was within project budget. The actual operation and maintenance 
costs for the third year of the project totaled $10,700. This is lower than the annual O&M budget of 
$48,367 estimated during project planning3. However, lower costs are to be expected during the early 

                                                 
2 OUWUA currently delivers water on a rotational schedule. 
3 For planning and budgeting purposes, total annual operations and maintenances costs were originally estimated as 
2% and 3% of the total construction costs, respectively. 
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years of the project when all facilities are new and in peak operating condition. O&M costs are 
expected to increase as the facilities age.  
 
The OUWUA has been able to significantly reduce spillage and improve delivery flexibility to 
growers in the Beat 2 area that is benefiting from the project. OUWUA anticipates additional 
water management improvements at the system and farm levels as Association staff become 
more familiar with the features of the new facilities, and growers realize the benefits. New tree 
crops irrigated by drip and micro irrigation systems are already being planted in the Beat 2 area 
to take advantage of the flexibility. 

3.1 Water Quantity 
The total annual water savings in 2014 was 2,200 acre-feet. These savings include savings of 
both recoverable and irrecoverable water. The irrecoverable water savings was of non-beneficial 
evaporation and ET that occurs from surface drains that carry the water away from the area. 
 
The verification of project savings requires that actual-project flow paths be compared to an 
estimate of flow paths if the project hadn’t been completed, according to the verification-based 
modernization and planning process (Appendix A). Estimates of with and without- project 
savings were based on a water balance prepared from 2006 irrigation season records. Total with-
project water savings were estimated at 3,400 acre-feet with a confidence interval of 30 percent 
(Table 1). 
 

Table 1. Estimated Total Project Water Savings with Confidence Intervals 

Targeted Flow Path 
Without 
Project, 
acre-feet 

With-
project, 
acre-feet 

Flow Path 
Reduction, 
acre-feet 

CI1 

Spillage at Beck's Spill 2,600 729 1,871 7% 
Unrecorded Spillage to irrigated lands 1,882 937 945 96% 
Tailwater from irrigated lands 3,165 2,504 661 64% 
Reduced Deliveries (Reservoir area) 23 0 23 10% 
Total Conserved Water     3,500 25% 
New Flow Paths with Reservoir         
Reservoir Evaporation 0 28 -28 30% 
Reservoir Seepage 0 29 -29 50% 
Reservoir Spillage 0 8 -8 10% 
Total New Flow Paths (Losses)     -65 0% 
Total Conserved Water (Rounded to the nearest 100 acre-feet) 3,400 30% 

      1Confidence Interval 

 
The flow paths that were identified for reduction were, in decreasing order of priority: spillage to 
Beck’s Spill, unrecorded spillage to irrigated lands, tailwater from irrigated lands and reduced 
deliveries to the regulating reservoir area. Three new flow paths resulting from the construction 
of the reservoir are reservoir evaporation, reservoir seepage and reservoir spillage. 
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Guidelines and strategies outlined by the Agricultural Water Management Council in their 
Monitoring and Verification Technical Memorandum were used for calculation and analysis of 
actual savings. 
 
Becks Spill Flow Path 
A reduction in spillage at Becks Spill was the primary target for the Project, and is an important 
performance indicator. As part of the feasibility investigation, Becks Spill was measured in both 
2005 and 2006. Changes in operational strategy and infrastructure improvements resulted in a 
decrease in spillage from 2,900 to 2,600 acre-feet in 2005 and 2006, respectively. Due to these 
changes, the 2006 irrigation season was considered more representative of future project 
operations and spillage magnitudes if the reservoir had not been constructed. The with-project 
spillage volume was estimated using a spreadsheet model to simulate reservoir operations on a 
15-minute time-step, based on operational procedures established for this project. The 
simulations estimated that the annual spillage at Beck’s spill could be reduced by 1,871 acre-feet. 
 
The actual project spillage was measured with a ramp flume constructed as part of the Project. 
Water stage upstream of the flume is measured with a pressure transducer inside of a stilling 
well, and recorded by the Association’s SCADA system. Total measured spillage at Becks Spill 
was 526 acre-feet for the 2014 irrigation season that started on April 25 and continued through 
November 1. Spillage volumes by month are summarized in Table 2. 
 

Table 2. Measured Monthly Spill Volumes for Becks Spill in 2014 

 
 
The total actual annual flow path reduction for Becks Spill was 2,074 acre-feet (2,600 - 526).  
 
Unrecorded Spillage to Irrigated Lands Flow Path 
Unrecorded spillage to irrigated lands from the Beat 2 canal system was estimated to be 1,882 
acre-feet. The reservoir and related automation was designed to capture on-farm spillage from 
several benefit zones. The unrecorded on-farm spillage volume in each benefit zone was 
assumed proportional to the irrigated area in the zone, and the on-farm spillage volume from 
each benefit zone that could be conveyed to the reservoir was estimated. The estimated spillage 
reduction from each benefit zone totaled 945 acre-feet. The estimated reduction by benefit zone 
is shown in Table 3.   
 
 

Month Spill Volume, AF
April 30
May 93
June 72
July 76

August 101
September 63
October 80

November 11
Total 526
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Table 3. Estimated Reduction in On-Farm Spillage by Benefit Zone 

Benefit 
Area 

Service 
Lateral 

Area, 
acres 

Percent 
of total 
area, % 

Unrecorded 
on-farm 

spillage, af 

Percent 
conveyed to 

reservoir 

Reduction 
in on-farm 

spillage 

With 
project 
on-farm 
spillage 

1 210 702 15% 282 100% 282 0 
3 220 119 3% 56 50% 28 28 
5 211, 220 1,391 30% 565 25% 141 424 
2 210 856 18% 339 75% 254 85 
4 212, 214 792 17% 320 50% 160 160 
6 230 800 17% 320 25% 80 240 

Total   4,660 100% 1,882   945 937 
 
The installation of automated gates at the Lateral 210 heading and at four sublateral headings has 
allowed operators to automatically make flow cutbacks at times when changes have historically 
not been made, specifically between the hours of 2000 (8 pm), corresponding to the last change 
allowed at the head of the South Canal at 1800 (6 pm) and 0700 (7 am).  The savings estimate 
was developed during a time when OUWUA was able to make two daily changes at the head of 
the South Canal.  One change was at 0700 (7 am) and the last change was at 1300 (1 pm). 
 
Prior to the installation of the automated gates, flows in excess of the delivery demands would be 
allowed to spill out the ends of sublaterals or spill on to growers land (i.e. unrecorded spillage to 
irrigated lands). With the automated gates installed by the project, cut backs can be scheduled to 
automatically occur during the night and the additional flow resulting in lateral 210 from 
sublaterals upstream from the reservoir (Lateral 220) pass over the inlet weir and are stored in 
the reservoir. Cutbacks from laterals downstream of the reservoir are also stored by 
automatically adjusting the reservoir outlet gates. These cutbacks were not possible before the 
automatic gates were installed at these sublateral headings.  
 
SCADA flow records from the automated gates were analyzed and all flow reductions greater or 
equal to 2 CFS, and between the hours of approximately 2000 and 0700, were assumed to result 
in reductions in unrecorded spillage. The magnitude of the cutback was multiplied by the time 
until the next water order change (0700) to determine the reduction in volume of unrecorded 
spillage. Prior to the installation of the automatic gates, the ditch tender would not have been 
able to make these cuts during the night and this volume would have spilled from the sublaterals. 
The resulting water savings was 316 acre-feet and are summarized by lateral in Table 4.  These 
cutbacks were captured in the reservoir, regulated and redistributed. 
 
The savings are about 33 percent of the estimate because of the additional daily change at 6 pm 
at the South Canal heading.  This additional change was requested and allowed in response to 
California’s drought condition.  By reducing flows later in the day, OUWUA keeps water in 
Black Butte Reservoir that, with only two flow changes, would have been saved in the regulating 
reservoir when flows into the sublaterals were cut back.  This reduces the savings attributable to 
the regulating reservoir resulting from sublateral cutbacks. 
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Table 4. Calculated Savings of On-Farm Spillage due to Lateral Heading Cut-backs in 2014 

Lateral 
Travel Time from 

South Canal 
Heading, Hours 

Total Cutback 
Vol, AF 

Lateral 10 2:30 23 

Deliveries in Lateral 210 Upstream of Reservoir 1:30 to 3:30 96 

Sublateral 212 3:30 19 

Sublateral 220 3:00 64 

Sublateral 230 4:00 78 

Sublateral 214 5:00 36 

Total = 316 
  

 
Tailwater from Irrigated Lands Flow Path 
The construction of the regulating reservoir, automated gates and long crested weirs greatly 
increased opportunities for OUWUA to provide flexible delivery service to growers. Growers 
interviewed during the feasibility investigation indicated that the availability of flow rates other 
than the standard OUWUA “heads” made possible by the reservoir would increase the likelihood 
of conversion to pressurized irrigation systems. Flow rates and durations are relatively rigid in a 
rotation system often resulting in additional tailwater.  
 
The reservoir provides growers with the ability to order flows and durations that are compatible 
with more efficient irrigation methods (such as pressurized irrigation systems) that can have 
significant agronomic and water use advantages. These advantages have prompted many growers 
to consider conversion. Although Beat 2 will continue to operate primarily on a rotation 
schedule, reservoir storage will increase the opportunities to provide water to growers outside of 
the normal rotation. This flexibility allows the farmer to more closely match deliveries to 
demands and cultural practices of the crop, thereby increasing on-farm water utilization and 
facilitating improved on-farm water management. It will also ensure that OUWUA can continue 
to meet the service needs of those growers who switch from flood irrigation to drip or micro-
spray to take advantage of the benefits provided by these irrigation technologies. 
 
In the feasibility investigation, the area irrigated with pressurized irrigation systems was assumed 
to grow four times faster than it would have if only new plantings of existing orchards were 
installed with pressurized irrigation systems. Assuming the area of permanent planting does not 
increase, this increased adoption rate was estimated to result in a two percent decrease in 
tailwater. 
 
Additionally, the increased flexibility afforded by the system improvements will allow growers 
to shut off delivery when irrigation is complete instead of letting it run until the end of their 
rotation, thereby reducing tailwater. Early delivery shutoffs can be accomplished by contacting 
and passing the delivery to the next grower in the rotation, or by notifying the ditch tender and 
having him make system adjustments to temporarily back the water out of the lateral to be stored 
in the reservoir. Irrigators along Lateral 210 can also shut off early with no advanced notice 
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because the system is designed to automatically pass flow fluctuations in the main canal to the 
reservoir. Based on grower interviews, an additional reduction in tailwater of two percent of the 
delivered volume was estimated. 
 
In the 2006 water balance, tailwater was estimated to be 20 percent of on-farm deliveries. Project 
improvements were estimated to result in a 4 percent increase in on-farm efficiency, or a 
decrease in tailwater from 20 percent to 16 percent (as described in the previous paragraphs). 
However, the mechanisms for tailwater reduction are dependent on the timeliness and the extent 
to which growers react and utilize the additional flexibility. The implementation of pressurized 
irrigation systems is costly and typically occurs during the planting or replanting of orchards For 
these reasons, improvement is expected to be gradual; however, since completion of the Project, 
several growers (totaling about 105 acres) within Beat 2 have converted to pressurized irrigation 
systems utilizing OUWUA surface water.. Other growers have also showed significant interest in 
the additional flexibility offered in early shutoffs. Therefore, it is estimated that, during the 
second year of operation, the Project improvements resulted in an additional increase in on-farm 
efficiency of two percent, for a total decrease in tailwater from 20 percent to 18 percent of 
delivered water. In 2014, 10,850 acre-feet was delivered to farms in the Beat 2 service area. A 
two percent reduction in tailwater equates to a total flow path reduction of 217 acre-feet.  
  
Reservoir Evaporation Flow Path 
Evaporation losses from the reservoir were estimated using a crop coefficient of 1.1, multiplied 
by reference evapotranspiration (ETo) from the Orland CIMIS station and the surface area of the 
proposed reservoir. Evaporation losses were estimated at 19 acre-feet over the course of the 
season.  The estimated total evaporative loss of 19 acre-feet estimated was used because the 
season length in 2013 was approximately the same as the season length used to develop the 
estimate.  
 
Reservoir Seepage Flow Path 
During project planning, reservoir seepage was estimated based on the wetted perimeter of the 
reservoir and an estimated seepage coefficient of 0.02 feet per day. This coefficient was 
developed under the assumption that the reservoir would be constructed with a geomembrane 
liner on the floor and side slopes. Further analysis during later stages of the design process 
determined that concrete side slope lining and a heavily compacted earthen floor would 
minimize seepage more economically.  
 
Actual seepage was measured during four separate ponding tests – one in April, one in May, and 
two in October. Reservoir stage during the April and May tests was measured using two pressure 
transducers installed for this purpose. The internal level sensors in the Rubicon gates were used 
for the October tests. For all tests, monitoring duration ranged from 2-3 days. The reservoir inlets 
and outlets were tightly sealed. Evaporation losses were subtracted from the total reservoir 
drawdown over the course of the testing period. Seepage coefficients from the tests were 
averaged across the year, and total seepage was calculated at 394 acre-feet. The slow deposition 
of void-filling silt on the reservoir floor greatly reduced the seepage coefficient from May to 
October. Seepage in future years is expected to remain at the October rate, or about 150 acre-feet 
per season. 
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The combined savings from the various flow paths (Table 5) total and actual annual savings 
achieved during the third year of the project of 2,200 acre-feet, or about 65 percent of estimated 
and just outside the confidence interval. The reservoir spillage flow path was removed because 
the spillage location near the reservoir is no longer used. Confidence intervals for the reduced 
flow paths were updated to reflect the accuracy of measurement devices or methods used. The 
resulting confidence interval on the conservation estimate is 12 percent. Savings are expected to 
increase in subsequent years as OUWUA staff becomes more proficient in project operation and 
growers take advantage of the additional flexibility. 
 
Total cumulative recoverable and irrecoverable water savings for the first two years of the 
project are estimated to be 6,400 acre-feet (Table 6). 
 

Table 5. Actual Total Project Water Savings in 2014 

Targeted Flow Path Flow Path Reduction, 
acre-feet CI1 

Spillage at Beck's Spill 2,074 12% 
Unrecorded Spillage to irrigated lands 316 5% 

Tailwater from irrigated lands 217 96% 
Reduced Deliveries (Reservoir area) 23 10% 

Total Conserved Water 2,631 10% 
New Flow Paths with Reservoir     

Reservoir Evaporation -19 25% 
Reservoir Seepage -394 20% 

Total New Flow Paths (Losses) -413 19% 
Total Conserved Water (Rounded to the 
nearest 100 acre-feet) 2,200 12% 

 
Table 6. Total Cumulative Water Savings for the Life of the Project 

 
 
The project reduces nonproductive ET (an irrecoverable loss), therefore, meeting CALFED Bay-
Delta Targeted Benefit (TB) 18. In addition, the project increases water available to the Bay-
Delta Watershed through a reduction in current diversions. 

3.2 In-stream Flow 
Provides additional flow in the Sacramento River below Keswick Dam, TB 13, as described 
previously. 

Year Estimated Savings, AF
2012 2,100
2013 2,100
2014 2,200

Total 6,400
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3.3 Water Quality 
Provides additional flow in the Sacramento River below Keswick Dam, as described previously, 
which improves aquatic ecosystem conditions. 

3.4 Energy 
The project has no direct energy efficiency impacts because reservoir inflow and outflow are 
gravity flow. Additionally, the new automated gates operate with energy generated by solar 
panels. To the extent that growers are able to reduce applied water as a result of increased 
delivery flexibility and are currently pressurizing irrigation water through the use of electrical 
pumps, some energy could be conserved. Additionally, to the extent that growers who are 
currently pumping groundwater and using electrical power, their surface water use will increase 
as a result of increased flexibility, and thus, reductions in energy for pumping will occur. 

3.5 Other 
The conserved water can be routed to the Tehama Colusa Canal (TCC), or other locations as 
transfers, with the potential to generate additional funds for future water management projects. 
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Appendix A.  Anticipated Project Benefits 
The project resulted in a greater water quantity being available to the Bay Delta Watershed 
through a reduction in spillage and non-beneficial ET. Water will remain in Orland project 
reservoirs, to be allocated at the discretion of the OUWUA to achieve local, regional and 
statewide benefits. Water can be released to Stony Creek or passed through Orland project canals 
to the Tehama Colusa Canal (TCC). With this increased operational flexibility, the following 
benefits become possible: 
 

• Provide instream flow to support the long-term Stony Creek environmental restoration and 
fishery resource management objectives of the various state and federal resource agencies. 

• Provide supplemental water supply to the TCCA service area 
• Provide supplemental water supply and operating flexibility to support other beneficial water 

uses within the Sacramento Valley 
• Reduce diversion from the Sacramento River at key periods to improve in-stream flow 

conditions 
• Provide long-term diversion flexibility to increase the water supply for beneficial uses 
• Decrease non-beneficial evaportranspiration (ET), thereby increasing net supplies available for 

beneficial uses 
 

Increased water releases to Stony Creek may provide benefits to the anadronomous fish 
population.  An additional benefit of increased flows in Stony Creek is recharge of the regional 
groundwater system, which is extensively developed to meet irrigation, municipal and other local 
and regional water demands. 
 
Water released into the Orland canals and passed to the TCC will allow for a reduction in TCC 
diversions at Red Bluff (through future exchange agreements). Thus, the conserved water could 
provide system benefits anywhere downstream of Red Bluff. 
 
The Orland Project has a very reliable water supply with shortages occurring in one out of every 
thirty years. In those years, the Project savings will result in increased reservoir carryover storage 
from the prior year, thereby providing local benefit in the form of limited drought protection. 
Additionally, depending on successful conclusion of negotiations with Reclamation, the 
OUWUA intends to use Project savings to engage in strategic water transfers, with transfer 
revenues used first to offset the Project’s increased operations and maintenance costs. Finally, 
the Project serves to demonstrate technological advancement, leading the OUWUA into an era of 
facilities modernization and improved water management. 
   
To achieve the abovementioned benefits, the Project design team utilized a specific planning 
process that was centered on estimates of with- and without-project water savings. The estimates 
of potential water savings were based on a comprehensive water balance prepared from the 2006 
irrigation season project records. The followings sections describe this planning process, the 
structure of the water balance and the estimation of with- and without-project water savings. 
 
In 2006, the OUWUA irrigation season ran from early May to late October and the total Beat 2 
inflow from the South Canal was just less than 21,300 acre-feet. Of this amount, just less than 
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14,000 acre-feet, or 66 percent, was recorded as delivered to water users. Twelve percent of the 
total inflow, or 2,600 acre-feet, flowed out of Beat 2 via Beck’s Spill, the primary spillage flow 
path targeted for reduction by implementation of the proposed regulating reservoir. After 
accounting for seepage and evaporation losses, just less than 3,800 acre-feet, or 18 percent, of 
the inflow volume had not been accounted for (Table A.1). 
 
The OUWUA ditch tender records delivery volume to growers based on the standard head 
delivered and the duration of the delivery. As described in TM 2, the ditch tender operates with 
two standard heads of 10 and 15 cfs. After accounting for losses, the delivered flow rates are 
assumed to be 6 and 11.5 cfs, respectively. Given the need to ensure that growers near the ends 
of the distribution system receive this volume of water, and the fact that the volume lost 
increases as distance to a delivery increases, it seems likely that growers near the beginning of 
Beat 2 receive greater deliveries than recorded. This greater than recorded delivery volume has 
been called “unrecorded deliveries” throughout this TM. 
 
However, if all the unaccounted inflow volume is assumed to be unrecorded deliveries, the 
fraction of delivered water consumed by crops, known as the irrigation consumptive use 
coefficient (ICUC), would be 59 percent for the 2006 irrigation season. Based on discussion with 
OUWUA staff, grower interviews and knowledge of similar irrigation systems, the ICUC 
seemed too low. Assuming half of the unaccounted inflow volume to be unrecorded deliveries 
results in an ICUC of 66 percent. This was more consistent with the anecdotal evidence from the 
grower interviews and OUWUA staff observations. Thus, the unaccounted water was assigned 
equally to unrecorded spillage and unrecorded deliveries. 
 
Total crop evapotranspiration (ETc) was estimated to be about 11,300 acre-feet during the 
irrigation season with 92 percent of this amount, or about 10,400 acre-feet, being ET of diverted 
irrigation water. The remaining eight percent of ET was from rainfall stored in the root zone 
from winter rainfall. Including recorded and unrecorded deliveries, the total inflow to the 
irrigated lands in Beat 2 is just over 15,825 acre-feet. Tailwater was estimated to be 20 percent, 
about 3,200 acre-feet, of the total.  The unrecorded spillage, approximately 1,900 acre-feet, was 
assumed to “flow through” the irrigated lands without contributing to ETc. After accounting for 
all the other outflows, 1,870 acre-feet, or 12 percent, had not been accounted for. This remainder 
of the inflow volume is deep percolation of applied water, the closure term (Table A.2).  
 
The flow paths targeted for conservation are, in decreasing order of priority: 1) measured flows 
at Beck’s Spill, and Beat 2) unrecorded spillage to irrigated lands and tailwater from irrigated 
lands. With the project, excesses of supply that would have either spilled through Beck’s spill or 
to irrigated lands will be stored in the proposed regulating reservoir.  With the project, growers 
will be able to reduce tailwater by shutting delivery off when their irrigation is complete, with 
the undelivered water stored in the regulating reservoir for future scheduled delivery. 
 
Confidence intervals were estimated for each term in the water balance based on published 
values of accuracy for the measurement devices utilized to measure flow and professional 
judgment. The Parshall flume at the head of Lateral 210 at the beginning of Beat 2 has a standard 
accuracy ranging from three to five percent (USBR, 1997). This standard accuracy is reduced 
due to the location of the flume just downstream from a 90 degree bend in the lateral and the
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Table A.1. Summary of 2006 OUWUA Beat 2 Canal Water Balance 

Source/Equation 

Inflow Outflows 

OUWUA 
Water 
Order 

Database 

OUWUA 
Water 
Order 

Database 

Measured 
Flows at 
Beck's 
Spill 

Estimated 
based on 
Concrete 

Lined 
Seepage 

Coefficient 
(0.24 

ft3/ft2/day)1 

Water 
Surface Area 

* ETo*1.1 

OUWUA 
Water 
Order 

Database 

Closure--Combination of 
Unrecorded Spillage and 

Deliveries to Irrigated 
Lands--Estimated as Equal 
Amounts of Spillage and 

Delivery 

Month 
No. of 
Days 

Beat 2 
Diversion, 
acre-feet 

Recorded 
Deliveries, 
acre-feet 

Measured 
Spill, 
acre-feet 

Seepage, 
acre-feet 

Evaporation, 
acre-feet 

Recorded 
Spill (not 
including 
Beck's 
Spill) , 
acre-feet 

Unrecorded 
Deliveries 
to Irrigated 
Lands, acre-
feet 

Unrecorded 
Spillage to 
Irrigated 
Lands, acre-
feet 

5 28 3,201 2,143 290 109 8 21 315 315 
6 30 4,409 2,842 472 130 11 104 425 425 
7 31 4,260 2,991 324 129 11 37 384 384 
8 31 3,933 2,560 507 127 10 40 344 344 
9 30 3,356 2,148 564 114 8 17 252 252 

10 26 2,120 1,259 443 76 4 13 162 162 
Total 176 21,279 13,943 2,600 685 52 232 1,882 1,882 
Percentage of Diversion 66% 12% 3% 0% 1% 9% 9% 

1Published seepage rates from lined canal ponding tests vary substantially. Two examples are 0.07 ft3/ft2/day for 3- to 4-inch concrete liner with good joint filler 
(USBR, 1994) and 0.24 ft3/ft2/day for “weathered and aged” concrete lining (Worstell, 1976).  Much of the lining in Beat 2 fits the “weathered and aged” 
description, thus, 0.24 ft3/ft2/day was selected as the seepage coefficient



APPENDIX A                 Water Use Efficiency Grant  
Orland Project Regulating Reservoir Construction  
Post Project Annual Report of Benefits and Costs  

Davids Engineering, Inc                      A-4                                                                                          March 2013 

Table A.2. Summary of 2006 OUWUA Beat 2 Irrigated Lands Water Balance 

Source/ 
Equation 

Inflows Outflows 

(Recorded 
Deliveries) + 
(Unrecorded 
Deliveries to 

Irrigated 
Lands) 

Orland 
CIMIS 
Station 

#61 

Water 
Balance 
Closure  

Rainfall 
Water 

Balance 
Closure 

(District 
Deliveries)* 
(Estimated 
Tailwater 
percent)   

Rootzone 
Model 

Rootzone 
Model 

Rootzone 
Model 

Rootzone 
Model 

Rootzone 
Model 

Month 

District 
Deliveries, 
acre-feet 

Rainfall, 
acre-feet 

Deep 
Percolation 
of Applied 
Water, 
acre-feet 

Deep 
Percolation 
of Rainfall, 
acre-feet 

Tailwater, 
acre-feet 

Storage 
Change 
of 
Applied 
Water, 
acre-feet 

Rainfall 
Runoff, 
acre-feet 

ET of 
Applied 
Water, 
acre-feet 

ET of 
Rainfall, 
acre-feet 

Evaporation 
of Rainfall, 
acre-feet 

Storage 
Change 
of 
Rainfall, 
acre-feet1 

May-06 2,458 261 417 62 492 376 26 1,173 821 26 -675 
Jun-06 3,267 40 461 4 653 149 4 2,004 48 4 -19 
Jul-06 3,375 0 460 0 675 -6 0 2,245 2 0 -2 

Aug-06 2,904 0 242 0 581 -9 0 2,091 0 0 0 
Sep-06 2,400 0 196 0 480 15 0 1,710 0 0 0 
Oct-06 1,421 16 94 1 284 -108 2 1,151 12 2 0 

Total 15,825 317 1,870 67 3,165 417 32 10,374 883 32 -696 
Percentage of Deliveries 12%   20% 3%   66%       
1Negative values denote depletion of water stored in the root zone. 
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resulting confidence interval is estimated at 10 percent. Beck’s Spill flow volumes were 
measured with a measurement device rated based on current meter measurements. Accuracy of 
current meter measurements has been assessed to be 2.2 percent (Carter and Anderson, 1963). 
 
In addition to the measured spillage at Beck’s Spill, Beat 2 has an estimated 1,882 acre-feet of 
unrecorded spillage to irrigated lands. Operational benefit zones, described in TM 2, were 
defined with respect to expected reduction in on-farm spillage volume attributable to the project.  
The unrecorded on-farm spillage volume in each benefit zone was assumed to be proportional to 
the irrigated area in the zone. For example, benefit area one totaled 702 acres, or 15 percent, of 
the total area in Beat 2. Consequently, it was assumed that 15 percent of the total unrecorded on-
farm spillage volume, 282 acre-feet, occurred in benefit area one (Table A.3). Based on the 
location of the benefit area with respect to the reservoir and the difficulty of conveying a head 
from the benefit zone to the reservoir, a percent of on-farm spillage volume from each benefit 
zone that would be conveyed to the reservoir was estimated. Totaling the estimates from each 
benefit zone resulted in a with–project spillage reduction of 945 acre-feet. 
 

Table A.3. Estimated Reduction in On-farm Spillage by Benefit Zone 

Benefit 
Area1 

Area, 
acres 

Percent 
of total 
area, % 

Unrecorded 
on-farm 
spillage 

Percent 
conveyed to 
reservoir, % 

Reduction 
in on-farm 

spillage, 
acre-feet 

With-
project 
on-farm 
spillage 

1 702 15% 282 100% 282 0 

3 119 3% 56 50% 28 28 

5 1391 30% 565 25% 141 424 

2 856 18% 339 75% 254 85 

4 792 17% 320 50% 160 160 

6 800 17% 320 25% 80 240 
Total 4660 100% 1882   945 937 

1See Figure A.1. Benefit areas are ordered based on increasing distance from the Lateral 210 heading 
 
With-Project On-farm Efficiency 
Ten existing on-farm irrigation systems were inspected and the associated growers interviewed 
to provide information to complement the water balance, especially with respect to estimates of 
existing and with-project on-farm irrigation efficiency. Through the interviews, three 
mechanisms of on-farm savings were identified that align with the unmeasured “on-farm” 
spillage and tailwater flow paths. These mechanisms and associated savings estimates are 
discussed in the following paragraphs. 
 
The operation of a regulating reservoir on Beat 2 would provide growers with increased delivery 
flexibility, allowing them to shut off delivery when irrigation is complete, thereby reducing 
tailwater. Early delivery shutoffs could be accomplished by contacting and passing delivery to 
the next grower in the rotation, or by notifying the ditch rider of the shutoff and the ditch rider 
making system adjustments to store the undelivered water in the reservoir. The ability to convey  
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Figure A.1. Operational Benefit Zones in OUWUA Beat 2  
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flow into the reservoir from farm deliveries shut off early will depend upon the location and 
duration of the delivery. For growers to take advantage of this flexibility, they must be informed 
about the possibility and the related rules and procedures. Grower outreach will be proposed to 
inform growers about changes in procedures expected with the reservoir. The number of growers 
who take advantage of this flexibility will depend largely on the perceived benefits. Based on the 
interviews, the reduction in tailwater was estimated to be just 2 percent (from 20 to 18 percent) 
of the delivered water volume.  

Tailwater reduction is also expected to result from the project by its inducement of conversion 
from existing surface irrigation methods to pressurized irrigation systems.  In the interviews, 
almond and olive growers indicated an interest in converting to pressurized irrigation systems; 
however, conversion is expensive and typically occurs when an orchard is replanted. Growers 
indicated that the availability of flow rates other than the standard OUWUA “heads” made 
possible by the reservoir would increase the likelihood of conversion. The area irrigated with 
pressurized irrigation systems was assumed to grow four times faster than it would have if only 
new plantings of existing orchards were installed with a pressurized irrigation system. Assuming 
the area of permanent planting does not increase, this increased adoption rate resulted in a two 
percent decrease in tailwater. 

Combining the water savings associated with these two mechanisms indicates a tailwater 
reduction from 20 to 16 percent, or an estimated increase of four percent in on farm efficiency.  
This is a conservative estimate that could be easily reached or exceeded with an effective farmer 
education program. Improvement will likely be gradual. 

Total Project Water Savings 
With the reservoir, three new flow paths will be added to the Beat 2 water balance: 1) 
evaporation from the reservoir, 2) seepage from the reservoir and 3) spillage that may result if 
the reservoir fills to capacity. Water that leaves the area along these new flow paths must be 
quantified and included in the with-project scenario to obtain total project water savings. The 
quantification of these flow paths uses the same methods as for analogous flow paths in the Beat 
2 water balance. 

Evaporation is estimated with a crop coefficient of 1.1, reference evapotranspiration (ETo) from 
the Orland CIMIS station and the surface area of the proposed reservoir. Seepage is estimated 
based on the wetted perimeter of the proposed reservoir and an estimated seepage coefficient of 
0.02 ft per day. These two flow paths were estimated to have confidence intervals of 30 and 50 
percent, respectively. The spillage that would occur at the reservoir under with-project conditions 
was estimated in the spreadsheet simulation as three acre-feet with a confidence interval of ten 
percent. Including these new flow paths, the total project water savings are estimated to be 3,400 
acre-feet with a 95 percent confidence interval of ±30 percent (Table A.4).   
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Table A.4. Estimated Total Project Water Savings with Confidence Intervals 

Targeted Flow Path 

Without 
Project, 
acre-feet 

With-
project, 
acre-feet 

Flow Path 
Reduction, 
acre-feet CI1 

Spillage at Beck's Spill 2,600 729 1,871 7% 
Unrecorded Spillage to irrigated lands 1,882 937 945 96% 
Tailwater from irrigated lands 3,165 2,504 661 64% 
Reduced Deliveries (Reservoir area) 23 0 23 10% 
Total Conserved Water 3,500 25% 

New Flow Paths with Reservoir 
Reservoir Evaporation 0 28 -28 30% 
Reservoir Seepage 0 29 -29 50% 
Reservoir Spillage 0 8 -8 10% 
Total New Flow Paths (Losses) -65 0% 

Total Conserved Water (Rounded to the nearest 100 acre-feet) 3,400 30% 
1Confidence Interval 

Confidence intervals were estimated for the 2006 Beat 2 water balance as described earlier. The 
with-project flow paths were assumed to have the same confidence interval as the without project 
flow paths to compute a confidence interval for the flow path reduction. The confidence intervals 
for the new flow paths with the reservoir were estimated similarly to analogous flow paths in the 
2006 Beat 2 water balance. Combining the confidence intervals following Clemmens and Burt 
(1997) results in a 30 percent confidence interval on the total project water savings of 3,400 acre- 
feet. This means the savings are estimated to be between 2,380 and 4,420 acre-feet with 95 
percent confidence.   
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Executive Summary 
 
The Orland Project Regulating Reservoir and Associated Canal Structure Improvements 
construction project (Project) was implemented to reduce spillage and increase the operational 
flexibility of a portion of the Orland Unit Water Users’ Association’s (OUWUA) system. The 
Project is located in north-eastern Glenn County near the town of Orland in the State of 
California. 
 
The improvements on Beat 2 included a 49.5 acre-foot regulating reservoir, 20 long crested 
weirs, eight automated overshot gates, one flap gate, and one automated slide gate. The 2013 
irrigation season was the second year of operation with the regulating reservoir and associated 
lateral improvements.  A verification-based modernization planning process estimated these 
improvements would save 3,400 acre-feet with a confidence interval of 30 percent.  The savings 
estimate was developed during a time when OUWUA was able to make two daily changes at the 
head of the South Canal.  One change was at 7 am and the last change was at 1 pm.   
 
In the second year of operation, the regulating reservoir and associated lateral improvements 
conserved 2,100 acre-feet of water, or about 62 percent of the average annual conservation 
estimated. The savings resulted from reduction of spillage at Beck’s spill, reduction of 
unrecorded spillage from sublaterals and less tailwater. 
 
The spillage reduction at Beck’s Spill1 was 101 percent of the estimated spillage reduction 
volume.  The reduction in unrecorded spillage from sublaterals was 35 percent of the estimate. 
This was less than estimated due to the addition of a third daily change at 6 pm at the South 
Canal heading.  This additional change was allowed in response to California’s drought 
condition.  By reducing flows later in the day, OUWUA keeps water in Black Butte Reservoir 
that, with only two flow changes, would have been saved in the regulating reservoir when flows 
into the sublaterals were cut back.  This reduces the savings attributable to the regulating 
reservoir.  The tailwater reduction is expected to increase slowly with time as area growers learn 
to use the additional flexibility available.   
 
Total cumulative recoverable and irrecoverable water savings for the first four years of the 
project are estimated to be 8,500 acre-feet (Table ES-1). 
 

Table ES-1. Total Cumulative Water Savings for the Life of the Project 

 
  

                                                 
1 Beck’s Spill is the primary spill site for Beat 2. Comparison of pre- and post-project spillage at this site represents 
spillage reduction due to the system improvements.   

Year Estimated Savings, AF
2012 2,100
2013 2,100
2014 2,200
2015 2,100

Total 8,500
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1 Introduction 
 
The Orland Project Regulating Reservoir and Associated Canal Structure Improvements 
construction project (Project) was implemented to reduce spillage and increase the operational 
flexibility of a portion of the Orland Unit Water Users’ Association’s (OUWUA) system.  The 
Project is located in north-eastern Glenn County near the town of Orland in the State of 
California. 
 
This project integrates three Efficient Water Management Practices (water delivery flexibility, 
spill recovery system, and automated canal systems) to reduce spillage. The project integrates a 
49 acre-foot capacity regulating reservoir with canal automation to allow flow mismatches to be 
routed to the reservoir to be re-regulated and delivered to users, rather than spilled from the 
system.  Water temporarily stored in the regulating reservoir will also enable increased delivery 
flexibility. Water conserved by spillage reduction and increased delivery flexibility2 will result in 
less water diverted from project storage reservoirs. SCADA monitoring and control was 
implemented at selected structures along Lateral 210 to facilitate routing of flow mismatches to 
the regulating reservoir.  
 
The Project installed automated flow control and water level control overshot gates at 10 
different locations, including two reservoir outlets. All automated gates have controller logic 
hardware and software and measurement sensors. Long crested weirs were installed downstream 
of delivery locations and branching sub-laterals to provide constant upstream water levels for 
steady deliveries. 

2 Project Goals and Objectives 
 
The project goal is to increase water use efficiency through facilities improvements that provide 
canal operators the tools to reduce spillage and increase delivery flexibility. Facility 
improvements included a regulating reservoir and associated flow measurement and automated 
lateral structures to facilitate flow routing. The project will generate additional water supplies, a 
critical goal of regional water management plans, by reducing spillage leading directly to a 
reduction of diversions from project storage reservoirs. There were no changes to the initially 
stated project goals and objectives. 

3 Description of Benefits and Costs 
 
The benefits identified in the project proposal are included in Appendix A for reference. Following 
completion of the project, the benefits have not been revised and the benefits are now being realized.  
The project implementation cost was within project budget. The actual operation and maintenance 
costs for the fourth year of the project totaled $16,600. This is about one-third of the annual O&M 
budget of $48,367 estimated during project planning3. However, lower costs are to be expected during 

                                                 
2 OUWUA currently delivers water on a rotational schedule. 
3 For planning and budgeting purposes, total annual operations and maintenances costs were originally estimated as 
2% and 3% of the total construction costs, respectively. 
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the early years of the project when all facilities are new and in peak operating condition. O&M costs 
are expected to increase as the facilities age.  
 
The OUWUA has been able to significantly reduce spillage and improve delivery flexibility to 
growers in the Beat 2 area that is benefiting from the project. OUWUA anticipates additional 
water management improvements at the system and farm levels as Association staff become 
more familiar with the features of the new facilities, and growers realize the benefits. New tree 
crops irrigated by drip and micro irrigation systems are already being planted in the Beat 2 area 
to take advantage of the flexibility. 

3.1 Water Quantity 
The total annual water savings in 2015 was 2,100 acre-feet. These savings include savings of 
both recoverable and irrecoverable water. The irrecoverable water savings was of non-beneficial 
evaporation and ET that occurs from surface drains that carry the water away from the area. 
 
The verification of project savings requires that actual-project flow paths be compared to an 
estimate of flow paths if the project hadn’t been completed, according to the verification-based 
modernization and planning process (Appendix A). Estimates of with and without- project 
savings were based on a water balance prepared from 2006 irrigation season records. Total with-
project water savings were estimated at 3,400 acre-feet with a confidence interval of 30 percent 
(Table 1). 
 

Table 1. Estimated Total Project Water Savings with Confidence Intervals 

Targeted Flow Path 
Without 
Project, 
acre-feet 

With-
project, 
acre-feet 

Flow Path 
Reduction, 
acre-feet 

CI1 

Spillage at Beck's Spill 2,600 729 1,871 7% 
Unrecorded Spillage to irrigated lands 1,882 937 945 96% 
Tailwater from irrigated lands 3,165 2,504 661 64% 
Reduced Deliveries (Reservoir area) 23 0 23 10% 
Total Conserved Water     3,500 25% 
New Flow Paths with Reservoir         
Reservoir Evaporation 0 28 -28 30% 
Reservoir Seepage 0 29 -29 50% 
Reservoir Spillage 0 8 -8 10% 
Total New Flow Paths (Losses)     -65 0% 
Total Conserved Water (Rounded to the nearest 100 acre-feet) 3,400 30% 

      1Confidence Interval 

 
The flow paths that were identified for reduction were, in decreasing order of priority: spillage to 
Beck’s Spill, unrecorded spillage to irrigated lands, tailwater from irrigated lands and reduced 
deliveries to the regulating reservoir area. Three new flow paths resulting from the construction 
of the reservoir are reservoir evaporation, reservoir seepage and reservoir spillage. 
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Guidelines and strategies outlined by the Agricultural Water Management Council in their 
Monitoring and Verification Technical Memorandum were used for calculation and analysis of 
actual savings. 
 
Becks Spill Flow Path 
A reduction in spillage at Becks Spill was the primary target for the Project, and is an important 
performance indicator. As part of the feasibility investigation, Becks Spill was measured in both 
2005 and 2006. Changes in operational strategy and infrastructure improvements resulted in a 
decrease in spillage from 2,900 to 2,600 acre-feet in 2005 and 2006, respectively. Due to these 
changes, the 2006 irrigation season was considered more representative of future project 
operations and spillage magnitudes if the reservoir had not been constructed. The with-project 
spillage volume was estimated using a spreadsheet model to simulate reservoir operations on a 
15-minute time-step, based on operational procedures established for this project. The 
simulations estimated that the annual spillage at Beck’s spill could be reduced by 1,871 acre-feet. 
 
The actual project spillage was measured with a ramp flume constructed as part of the Project. 
Water stage upstream of the flume is measured with a pressure transducer inside of a stilling 
well, and recorded by the Association’s SCADA system. Total measured spillage at Becks Spill 
was 711 acre-feet for the 2015 irrigation season that started on March 17 and continued through 
October 31. Spillage volumes by month are summarized in Table 2. 
 

Table 2. Measured Monthly Spill Volumes for Becks Spill in 2015 
Month Spill Volume, AF 
March 51 
April 48 
May 89 
June 125 
July 114 

August 90 
September 107 

October 87 
Total 711 

 
The total actual annual flow path reduction for Becks Spill was 1,889 acre-feet (2,600 - 711).  
 
Unrecorded Spillage to Irrigated Lands Flow Path 
Unrecorded spillage to irrigated lands from the Beat 2 canal system was estimated to be 1,882 
acre-feet. The reservoir and related automation was designed to capture on-farm spillage from 
several benefit zones. The unrecorded on-farm spillage volume in each benefit zone was 
assumed proportional to the irrigated area in the zone, and the on-farm spillage volume from 
each benefit zone that could be conveyed to the reservoir was estimated. The estimated spillage 
reduction from each benefit zone totaled 945 acre-feet. The estimated reduction by benefit zone 
is shown in Table 3.   
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Table 3. Estimated Reduction in On-Farm Spillage by Benefit Zone 

Benefit 
Area 

Service 
Lateral 

Area, 
acres 

Percent 
of total 
area, % 

Unrecorded 
on-farm 

spillage, af 

Percent 
conveyed to 

reservoir 

Reduction 
in on-farm 

spillage 

With 
project 
on-farm 
spillage 

1 210 702 15% 282 100% 282 0 
3 220 119 3% 56 50% 28 28 
5 211, 220 1,391 30% 565 25% 141 424 
2 210 856 18% 339 75% 254 85 
4 212, 214 792 17% 320 50% 160 160 
6 230 800 17% 320 25% 80 240 

Total   4,660 100% 1,882   945 937 
 
The installation of automated gates at the Lateral 210 heading and at four sublateral headings has 
allowed operators to automatically make flow cutbacks at times when changes have historically 
not been made, specifically between the hours of 2000 (8 pm), corresponding to the last change 
allowed at the head of the South Canal at 1800 (6 pm) and 0700 (7 am).  The savings estimate 
was developed during a time when OUWUA was able to make two daily changes at the head of 
the South Canal.  One change was at 0700 (7 am) and the last change was at 1300 (1 pm). 
 
Prior to the installation of the automated gates, flows in excess of the delivery demands would be 
allowed to spill out the ends of sublaterals or spill on to growers land (i.e. unrecorded spillage to 
irrigated lands). With the automated gates installed by the project, cut backs can be scheduled to 
automatically occur during the night and the additional flow resulting in lateral 210 from 
sublaterals upstream from the reservoir (Lateral 220) pass over the inlet weir and are stored in 
the reservoir. Cutbacks from laterals downstream of the reservoir are also stored by 
automatically adjusting the reservoir outlet gates. These cutbacks were not possible before the 
automatic gates were installed at these sublateral headings.  
 
SCADA flow records from the automated gates were analyzed and all flow reductions greater or 
equal to 2 CFS, and between the hours of approximately 2000 and 0700, were assumed to result 
in reductions in unrecorded spillage. The magnitude of the cutback was multiplied by the time 
until the next water order change (0700) to determine the reduction in volume of unrecorded 
spillage. Prior to the installation of the automatic gates, the ditch tender would not have been 
able to make these cuts during the night and this volume would have spilled from the sublaterals. 
The resulting water savings was 331 acre-feet and are summarized by lateral in Table 4.  These 
cutbacks were captured in the reservoir, regulated and redistributed. 
 
The savings are about 35 percent of the estimate because of the additional daily change at 6 pm 
at the South Canal heading.  This additional change was requested and allowed in response to 
California’s drought condition.  By reducing flows later in the day, OUWUA keeps water in 
Black Butte Reservoir that, with only two flow changes, would have been saved in the regulating 
reservoir when flows into the sublaterals were cut back.  This reduces the savings attributable to 
the regulating reservoir resulting from sublateral cutbacks. 
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Table 4. Calculated Savings of On-Farm Spillage due to Lateral Heading Cut-backs in 2015 

Lateral Travel Time from South 
Canal Heading, Hours 

Total 
Cutback 
Vol, AF 

Lateral 10 2:30 23 

Deliveries in Lateral 210 Upstream of Reservoir 1:30 to 3:30 111 

Sublateral 212 3:30 19 

Sublateral 220 3:00 64 

Sublateral 230 4:00 78 

Sublateral 214 5:00 36 

Total = 331 
  

 
Tailwater from Irrigated Lands Flow Path 
The construction of the regulating reservoir, automated gates and long crested weirs greatly 
increased opportunities for OUWUA to provide flexible delivery service to growers. Growers 
interviewed during the feasibility investigation indicated that the availability of flow rates other 
than the standard OUWUA “heads” made possible by the reservoir would increase the likelihood 
of conversion to pressurized irrigation systems. Flow rates and durations are relatively rigid in a 
rotation system often resulting in additional tailwater.  
 
The reservoir provides growers with the ability to order flows and durations that are compatible 
with more efficient irrigation methods (such as pressurized irrigation systems) that can have 
significant agronomic and water use advantages. These advantages have prompted many growers 
to consider conversion. Although Beat 2 will continue to operate primarily on a rotation 
schedule, reservoir storage will increase the opportunities to provide water to growers outside of 
the normal rotation. This flexibility allows the farmer to more closely match deliveries to 
demands and cultural practices of the crop, thereby increasing on-farm water utilization and 
facilitating improved on-farm water management. It will also ensure that OUWUA can continue 
to meet the service needs of those growers who switch from flood irrigation to drip or micro-
spray to take advantage of the benefits provided by these irrigation technologies. 
 
In the feasibility investigation, the area irrigated with pressurized irrigation systems was assumed 
to grow four times faster than it would have if only new plantings of existing orchards were 
installed with pressurized irrigation systems. Assuming the area of permanent planting does not 
increase, this increased adoption rate was estimated to result in a two percent decrease in 
tailwater. 
 
Additionally, the increased flexibility afforded by the system improvements will allow growers 
to shut off delivery when irrigation is complete instead of letting it run until the end of their 
rotation, thereby reducing tailwater. Early delivery shutoffs can be accomplished by contacting 
and passing the delivery to the next grower in the rotation, or by notifying the ditch tender and 
having him make system adjustments to temporarily back the water out of the lateral to be stored 
in the reservoir. Irrigators along Lateral 210 can also shut off early with no advanced notice 
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because the system is designed to automatically pass flow fluctuations in the main canal to the 
reservoir. Based on grower interviews, an additional reduction in tailwater of two percent of the 
delivered volume was estimated. 
 
In the 2006 water balance, tailwater was estimated to be 20 percent of on-farm deliveries. Project 
improvements were estimated to result in a 4 percent increase in on-farm efficiency, or a 
decrease in tailwater from 20 percent to 16 percent (as described in the previous paragraphs). 
However, the mechanisms for tailwater reduction are dependent on the timeliness and the extent 
to which growers react and utilize the additional flexibility. The implementation of pressurized 
irrigation systems is costly and typically occurs during the planting or replanting of orchards For 
these reasons, improvement is expected to be gradual; however, since completion of the Project, 
several growers (totaling about 105 acres) within Beat 2 have converted to pressurized irrigation 
systems utilizing OUWUA surface water. Other growers have also showed significant interest in 
the additional flexibility offered in early shutoffs. Therefore, it is estimated that, during the 
second year of operation, the Project improvements resulted in an additional increase in on-farm 
efficiency of two percent, for a total decrease in tailwater from 20 percent to 18 percent of 
delivered water. In 2015, 14,765 acre-feet was delivered to farms in the Beat 2 service area. A 
two percent reduction in tailwater equates to a total flow path reduction of 295 acre-feet.  
  
Reservoir Evaporation Flow Path 
Evaporation losses from the reservoir were estimated using a crop coefficient of 1.1, multiplied 
by reference evapotranspiration (ETo) from the Orland CIMIS station and the surface area of the 
proposed reservoir. Evaporation losses were estimated at 28 acre-feet over the course of the 
season.  The estimated total evaporative loss of 28 acre-feet estimated was used because the 
season length in 2013 was approximately the same as the season length used to develop the 
estimate.  
 
Reservoir Seepage Flow Path 
During project planning, reservoir seepage was estimated based on the wetted perimeter of the 
reservoir and an estimated seepage coefficient of 0.02 feet per day. This coefficient was 
developed under the assumption that the reservoir would be constructed with a geomembrane 
liner on the floor and side slopes. Further analysis during later stages of the design process 
determined that concrete side slope lining and a heavily compacted earthen floor would 
minimize seepage more economically.  
 
Actual seepage was measured during four separate ponding tests – one in April, one in May, and 
two in October. Reservoir stage during the April and May tests was measured using two pressure 
transducers installed for this purpose. The internal level sensors in the Rubicon gates were used 
for the October tests. For all tests, monitoring duration ranged from 2-3 days. The reservoir inlets 
and outlets were tightly sealed. Evaporation losses were subtracted from the total reservoir 
drawdown over the course of the testing period. Seepage coefficients from the tests were 
averaged across the year, and total seepage was calculated at 394 acre-feet. The slow deposition 
of void-filling silt on the reservoir floor greatly reduced the seepage coefficient from May to 
October. Seepage in future years is expected to remain at the October rate, or about 150 acre-feet 
per season. 
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The combined savings from the various flow paths (Table 5) total and actual annual savings 
achieved during the second year of the project of 2,100 acre-feet, or about 62 percent of 
estimated and just outside the confidence interval. The reservoir spillage flow path was removed 
because the spillage location near the reservoir is no longer used. Confidence intervals for the 
reduced flow paths were updated to reflect the accuracy of measurement devices or methods 
used. The resulting confidence interval on the conservation estimate is 12 percent. Savings are 
expected to increase in subsequent years as OUWUA staff becomes more proficient in project 
operation and growers take advantage of the additional flexibility. 
 
Total cumulative recoverable and irrecoverable water savings for the first four years of the 
project are estimated to be 8,500 acre-feet (Table 6). 
 

Table 5. Actual Total Project Water Savings in 2015 

Targeted Flow Path Flow Path 
Reduction, acre-feet CI1 

Spillage at Beck's Spill 1,889 12% 

Unrecorded Spillage to irrigated lands 331 5% 

Tailwater from irrigated lands 295 96% 

Reduced Deliveries (Reservoir area) 23 10% 

Total Conserved Water 2,538 10% 

New Flow Paths with Reservoir     

Reservoir Evaporation -28 25% 

Reservoir Seepage -394 20% 

Total New Flow Paths (Losses) -422 19% 
Total Conserved Water (Rounded to the 
nearest 100 acre-feet) 2,100 12% 

 
Table 6. Total Cumulative Water Savings for the Life of the Project 

 
 
The project reduces nonproductive ET (an irrecoverable loss), therefore, meeting CALFED Bay-
Delta Targeted Benefit (TB) 18. In addition, the project increases water available to the Bay-
Delta Watershed through a reduction in current diversions. 

3.2 In-stream Flow 
Provides additional flow in the Sacramento River below Keswick Dam, TB 13, as described 
previously. 

Year Estimated Savings, AF
2012 2,100
2013 2,100
2014 2,200
2015 2,100

Total 8,500
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3.3 Water Quality 
Provides additional flow in the Sacramento River below Keswick Dam, as described previously, 
which improves aquatic ecosystem conditions. 

3.4 Energy 
The project has no direct energy efficiency impacts because reservoir inflow and outflow are 
gravity flow. Additionally, the new automated gates operate with energy generated by solar 
panels. To the extent that growers are able to reduce applied water as a result of increased 
delivery flexibility and are currently pressurizing irrigation water through the use of electrical 
pumps, some energy could be conserved. Additionally, to the extent that growers who are 
currently pumping groundwater and using electrical power, their surface water use will increase 
as a result of increased flexibility, and thus, reductions in energy for pumping will occur. 

3.5 Other 
The conserved water can be routed to the Tehama Colusa Canal (TCC), or other locations as 
transfers, with the potential to generate additional funds for future water management projects. 
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Appendix A.  Anticipated Project Benefits 
The project resulted in a greater water quantity being available to the Bay Delta Watershed 
through a reduction in spillage and non-beneficial ET. Water will remain in Orland project 
reservoirs, to be allocated at the discretion of the OUWUA to achieve local, regional and 
statewide benefits. Water can be released to Stony Creek or passed through Orland project canals 
to the Tehama Colusa Canal (TCC). With this increased operational flexibility, the following 
benefits become possible: 
 

• Provide instream flow to support the long-term Stony Creek environmental restoration and 
fishery resource management objectives of the various state and federal resource agencies. 

• Provide supplemental water supply to the TCCA service area 
• Provide supplemental water supply and operating flexibility to support other beneficial water 

uses within the Sacramento Valley 
• Reduce diversion from the Sacramento River at key periods to improve in-stream flow 

conditions 
• Provide long-term diversion flexibility to increase the water supply for beneficial uses 
• Decrease non-beneficial evaportranspiration (ET), thereby increasing net supplies available for 

beneficial uses 
 

Increased water releases to Stony Creek may provide benefits to the anadronomous fish 
population.  An additional benefit of increased flows in Stony Creek is recharge of the regional 
groundwater system, which is extensively developed to meet irrigation, municipal and other local 
and regional water demands. 
 
Water released into the Orland canals and passed to the TCC will allow for a reduction in TCC 
diversions at Red Bluff (through future exchange agreements). Thus, the conserved water could 
provide system benefits anywhere downstream of Red Bluff. 
 
The Orland Project has a very reliable water supply with shortages occurring in one out of every 
thirty years. In those years, the Project savings will result in increased reservoir carryover storage 
from the prior year, thereby providing local benefit in the form of limited drought protection. 
Additionally, depending on successful conclusion of negotiations with Reclamation, the 
OUWUA intends to use Project savings to engage in strategic water transfers, with transfer 
revenues used first to offset the Project’s increased operations and maintenance costs. Finally, 
the Project serves to demonstrate technological advancement, leading the OUWUA into an era of 
facilities modernization and improved water management. 
   
To achieve the abovementioned benefits, the Project design team utilized a specific planning 
process that was centered on estimates of with- and without-project water savings. The estimates 
of potential water savings were based on a comprehensive water balance prepared from the 2006 
irrigation season project records. The followings sections describe this planning process, the 
structure of the water balance and the estimation of with- and without-project water savings. 
 
In 2006, the OUWUA irrigation season ran from early May to late October and the total Beat 2 
inflow from the South Canal was just less than 21,300 acre-feet. Of this amount, just less than 
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14,000 acre-feet, or 66 percent, was recorded as delivered to water users. Twelve percent of the 
total inflow, or 2,600 acre-feet, flowed out of Beat 2 via Beck’s Spill, the primary spillage flow 
path targeted for reduction by implementation of the proposed regulating reservoir. After 
accounting for seepage and evaporation losses, just less than 3,800 acre-feet, or 18 percent, of 
the inflow volume had not been accounted for (Table A.1). 
 
The OUWUA ditch tender records delivery volume to growers based on the standard head 
delivered and the duration of the delivery. As described in TM 2, the ditch tender operates with 
two standard heads of 10 and 15 cfs. After accounting for losses, the delivered flow rates are 
assumed to be 6 and 11.5 cfs, respectively. Given the need to ensure that growers near the ends 
of the distribution system receive this volume of water, and the fact that the volume lost 
increases as distance to a delivery increases, it seems likely that growers near the beginning of 
Beat 2 receive greater deliveries than recorded. This greater than recorded delivery volume has 
been called “unrecorded deliveries” throughout this TM. 
 
However, if all the unaccounted inflow volume is assumed to be unrecorded deliveries, the 
fraction of delivered water consumed by crops, known as the irrigation consumptive use 
coefficient (ICUC), would be 59 percent for the 2006 irrigation season. Based on discussion with 
OUWUA staff, grower interviews and knowledge of similar irrigation systems, the ICUC 
seemed too low. Assuming half of the unaccounted inflow volume to be unrecorded deliveries 
results in an ICUC of 66 percent. This was more consistent with the anecdotal evidence from the 
grower interviews and OUWUA staff observations. Thus, the unaccounted water was assigned 
equally to unrecorded spillage and unrecorded deliveries. 
 
Total crop evapotranspiration (ETc) was estimated to be about 11,300 acre-feet during the 
irrigation season with 92 percent of this amount, or about 10,400 acre-feet, being ET of diverted 
irrigation water. The remaining eight percent of ET was from rainfall stored in the root zone 
from winter rainfall. Including recorded and unrecorded deliveries, the total inflow to the 
irrigated lands in Beat 2 is just over 15,825 acre-feet. Tailwater was estimated to be 20 percent, 
about 3,200 acre-feet, of the total.  The unrecorded spillage, approximately 1,900 acre-feet, was 
assumed to “flow through” the irrigated lands without contributing to ETc. After accounting for 
all the other outflows, 1,870 acre-feet, or 12 percent, had not been accounted for. This remainder 
of the inflow volume is deep percolation of applied water, the closure term (Table A.2).  
 
The flow paths targeted for conservation are, in decreasing order of priority: 1) measured flows 
at Beck’s Spill, and Beat 2) unrecorded spillage to irrigated lands and tailwater from irrigated 
lands. With the project, excesses of supply that would have either spilled through Beck’s spill or 
to irrigated lands will be stored in the proposed regulating reservoir.  With the project, growers 
will be able to reduce tailwater by shutting delivery off when their irrigation is complete, with 
the undelivered water stored in the regulating reservoir for future scheduled delivery. 
 
Confidence intervals were estimated for each term in the water balance based on published 
values of accuracy for the measurement devices utilized to measure flow and professional 
judgment. The Parshall flume at the head of Lateral 210 at the beginning of Beat 2 has a standard 
accuracy ranging from three to five percent (USBR, 1997). This standard accuracy is reduced 
due to the location of the flume just downstream from a 90 degree bend in the lateral and the
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Table A.1. Summary of 2006 OUWUA Beat 2 Canal Water Balance 

Source/Equation 

Inflow Outflows 

OUWUA 
Water 
Order 

Database 

OUWUA 
Water 
Order 

Database 

Measured 
Flows at 
Beck's 
Spill 

Estimated 
based on 
Concrete 

Lined 
Seepage 

Coefficient 
(0.24 

ft3/ft2/day)1 

Water 
Surface Area 

* ETo*1.1 

OUWUA 
Water 
Order 

Database 

Closure--Combination of 
Unrecorded Spillage and 

Deliveries to Irrigated 
Lands--Estimated as Equal 
Amounts of Spillage and 

Delivery 

Month 
No. of 
Days 

Beat 2 
Diversion, 
acre-feet 

Recorded 
Deliveries, 
acre-feet 

Measured 
Spill, 
acre-feet 

Seepage, 
acre-feet 

Evaporation, 
acre-feet 

Recorded 
Spill (not 
including 
Beck's 
Spill) , 
acre-feet 

Unrecorded 
Deliveries 
to Irrigated 
Lands, acre-
feet 

Unrecorded 
Spillage to 
Irrigated 
Lands, acre-
feet 

5 28 3,201 2,143 290 109 8 21 315 315 
6 30 4,409 2,842 472 130 11 104 425 425 
7 31 4,260 2,991 324 129 11 37 384 384 
8 31 3,933 2,560 507 127 10 40 344 344 
9 30 3,356 2,148 564 114 8 17 252 252 

10 26 2,120 1,259 443 76 4 13 162 162 
Total 176 21,279 13,943 2,600 685 52 232 1,882 1,882 
Percentage of Diversion 66% 12% 3% 0% 1% 9% 9% 

1Published seepage rates from lined canal ponding tests vary substantially. Two examples are 0.07 ft3/ft2/day for 3- to 4-inch concrete liner with good joint filler 
(USBR, 1994) and 0.24 ft3/ft2/day for “weathered and aged” concrete lining (Worstell, 1976).  Much of the lining in Beat 2 fits the “weathered and aged” 
description, thus, 0.24 ft3/ft2/day was selected as the seepage coefficient
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Table A.2. Summary of 2006 OUWUA Beat 2 Irrigated Lands Water Balance 

Source/ 
Equation 

Inflows Outflows 

(Recorded 
Deliveries) + 
(Unrecorded 
Deliveries to 

Irrigated 
Lands) 

Orland 
CIMIS 
Station 

#61 

Water 
Balance 
Closure  

Rainfall 
Water 

Balance 
Closure 

(District 
Deliveries)* 
(Estimated 
Tailwater 
percent)   

Rootzone 
Model 

Rootzone 
Model 

Rootzone 
Model 

Rootzone 
Model 

Rootzone 
Model 

Month 

District 
Deliveries, 
acre-feet 

Rainfall, 
acre-feet 

Deep 
Percolation 
of Applied 
Water, 
acre-feet 

Deep 
Percolation 
of Rainfall, 
acre-feet 

Tailwater, 
acre-feet 

Storage 
Change 
of 
Applied 
Water, 
acre-feet 

Rainfall 
Runoff, 
acre-feet 

ET of 
Applied 
Water, 
acre-feet 

ET of 
Rainfall, 
acre-feet 

Evaporation 
of Rainfall, 
acre-feet 

Storage 
Change 
of 
Rainfall, 
acre-feet1 

May-06 2,458 261 417 62 492 376 26 1,173 821 26 -675 
Jun-06 3,267 40 461 4 653 149 4 2,004 48 4 -19 
Jul-06 3,375 0 460 0 675 -6 0 2,245 2 0 -2 

Aug-06 2,904 0 242 0 581 -9 0 2,091 0 0 0 
Sep-06 2,400 0 196 0 480 15 0 1,710 0 0 0 
Oct-06 1,421 16 94 1 284 -108 2 1,151 12 2 0 

Total 15,825 317 1,870 67 3,165 417 32 10,374 883 32 -696 
Percentage of Deliveries 12%   20% 3%   66%       
1Negative values denote depletion of water stored in the root zone. 
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resulting confidence interval is estimated at 10 percent. Beck’s Spill flow volumes were 
measured with a measurement device rated based on current meter measurements. Accuracy of 
current meter measurements has been assessed to be 2.2 percent (Carter and Anderson, 1963). 
 
In addition to the measured spillage at Beck’s Spill, Beat 2 has an estimated 1,882 acre-feet of 
unrecorded spillage to irrigated lands. Operational benefit zones, described in TM 2, were 
defined with respect to expected reduction in on-farm spillage volume attributable to the project.  
The unrecorded on-farm spillage volume in each benefit zone was assumed to be proportional to 
the irrigated area in the zone. For example, benefit area one totaled 702 acres, or 15 percent, of 
the total area in Beat 2. Consequently, it was assumed that 15 percent of the total unrecorded on-
farm spillage volume, 282 acre-feet, occurred in benefit area one (Table A.3). Based on the 
location of the benefit area with respect to the reservoir and the difficulty of conveying a head 
from the benefit zone to the reservoir, a percent of on-farm spillage volume from each benefit 
zone that would be conveyed to the reservoir was estimated. Totaling the estimates from each 
benefit zone resulted in a with–project spillage reduction of 945 acre-feet. 
 

Table A.3. Estimated Reduction in On-farm Spillage by Benefit Zone 

Benefit 
Area1 

Area, 
acres 

Percent 
of total 
area, % 

Unrecorded 
on-farm 
spillage 

Percent 
conveyed to 
reservoir, % 

Reduction 
in on-farm 

spillage, 
acre-feet 

With-
project 
on-farm 
spillage 

1 702 15% 282 100% 282 0 

3 119 3% 56 50% 28 28 

5 1391 30% 565 25% 141 424 

2 856 18% 339 75% 254 85 

4 792 17% 320 50% 160 160 

6 800 17% 320 25% 80 240 
Total 4660 100% 1882   945 937 

1See Figure A.1. Benefit areas are ordered based on increasing distance from the Lateral 210 heading 
 
With-Project On-farm Efficiency 
Ten existing on-farm irrigation systems were inspected and the associated growers interviewed 
to provide information to complement the water balance, especially with respect to estimates of 
existing and with-project on-farm irrigation efficiency. Through the interviews, three 
mechanisms of on-farm savings were identified that align with the unmeasured “on-farm” 
spillage and tailwater flow paths. These mechanisms and associated savings estimates are 
discussed in the following paragraphs. 
 
The operation of a regulating reservoir on Beat 2 would provide growers with increased delivery 
flexibility, allowing them to shut off delivery when irrigation is complete, thereby reducing 
tailwater. Early delivery shutoffs could be accomplished by contacting and passing delivery to 
the next grower in the rotation, or by notifying the ditch rider of the shutoff and the ditch rider 
making system adjustments to store the undelivered water in the reservoir. The ability to convey  
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Figure A.1. Operational Benefit Zones in OUWUA Beat 2  
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flow into the reservoir from farm deliveries shut off early will depend upon the location and 
duration of the delivery. For growers to take advantage of this flexibility, they must be informed 
about the possibility and the related rules and procedures. Grower outreach will be proposed to 
inform growers about changes in procedures expected with the reservoir. The number of growers 
who take advantage of this flexibility will depend largely on the perceived benefits. Based on the 
interviews, the reduction in tailwater was estimated to be just 2 percent (from 20 to 18 percent) 
of the delivered water volume.  
 
Tailwater reduction is also expected to result from the project by its inducement of conversion 
from existing surface irrigation methods to pressurized irrigation systems.  In the interviews, 
almond and olive growers indicated an interest in converting to pressurized irrigation systems; 
however, conversion is expensive and typically occurs when an orchard is replanted. Growers 
indicated that the availability of flow rates other than the standard OUWUA “heads” made 
possible by the reservoir would increase the likelihood of conversion. The area irrigated with 
pressurized irrigation systems was assumed to grow four times faster than it would have if only 
new plantings of existing orchards were installed with a pressurized irrigation system. Assuming 
the area of permanent planting does not increase, this increased adoption rate resulted in a two 
percent decrease in tailwater. 
 
Combining the water savings associated with these two mechanisms indicates a tailwater 
reduction from 20 to 16 percent, or an estimated increase of four percent in on farm efficiency.  
This is a conservative estimate that could be easily reached or exceeded with an effective farmer 
education program. Improvement will likely be gradual. 
 
Total Project Water Savings 
With the reservoir, three new flow paths will be added to the Beat 2 water balance: 1) 
evaporation from the reservoir, 2) seepage from the reservoir and 3) spillage that may result if 
the reservoir fills to capacity. Water that leaves the area along these new flow paths must be 
quantified and included in the with-project scenario to obtain total project water savings. The 
quantification of these flow paths uses the same methods as for analogous flow paths in the Beat 
2 water balance. 
 
Evaporation is estimated with a crop coefficient of 1.1, reference evapotranspiration (ETo) from 
the Orland CIMIS station and the surface area of the proposed reservoir. Seepage is estimated 
based on the wetted perimeter of the proposed reservoir and an estimated seepage coefficient of 
0.02 ft per day. These two flow paths were estimated to have confidence intervals of 30 and 50 
percent, respectively. The spillage that would occur at the reservoir under with-project conditions 
was estimated in the spreadsheet simulation as three acre-feet with a confidence interval of ten 
percent. Including these new flow paths, the total project water savings are estimated to be 3,400 
acre-feet with a 95 percent confidence interval of ±30 percent (Table A.4).   
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Table A.4. Estimated Total Project Water Savings with Confidence Intervals 

Targeted Flow Path 

Without 
Project, 
acre-feet 

With-
project, 
acre-feet 

Flow Path 
Reduction, 
acre-feet CI1 

Spillage at Beck's Spill 2,600 729 1,871 7% 
Unrecorded Spillage to irrigated lands 1,882 937 945 96% 
Tailwater from irrigated lands 3,165 2,504 661 64% 
Reduced Deliveries (Reservoir area) 23 0 23 10% 
Total Conserved Water     3,500 25% 
          
New Flow Paths with Reservoir         
Reservoir Evaporation 0 28 -28 30% 
Reservoir Seepage 0 29 -29 50% 
Reservoir Spillage 0 8 -8 10% 
Total New Flow Paths (Losses)     -65 0% 
          
Total Conserved Water (Rounded to the nearest 100 acre-feet) 3,400 30% 

1Confidence Interval 
 
Confidence intervals were estimated for the 2006 Beat 2 water balance as described earlier. The 
with-project flow paths were assumed to have the same confidence interval as the without project 
flow paths to compute a confidence interval for the flow path reduction. The confidence intervals 
for the new flow paths with the reservoir were estimated similarly to analogous flow paths in the 
2006 Beat 2 water balance. Combining the confidence intervals following Clemmens and Burt 
(1997) results in a 30 percent confidence interval on the total project water savings of 3,400 acre-  
feet. This means the savings are estimated to be between 2,380 and 4,420 acre-feet with 95 
percent confidence.   
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Executive Summary 
 
The Orland Project Regulating Reservoir and Associated Canal Structure Improvements 
construction project (Project) was implemented to reduce spillage and increase the operational 
flexibility of a portion of the Orland Unit Water Users’ Association’s (OUWUA) system. The 
Project is located in north-eastern Glenn County near the town of Orland in the State of 
California. 
 
The improvements on Beat 2 included a 49.5 acre-foot regulating reservoir, 20 long crested 
weirs, eight automated overshot gates, one flap gate, and one automated slide gate. The 2016 
irrigation season was the fifth year of operation with the regulating reservoir and associated 
lateral improvements.  A verification-based modernization planning process estimated these 
improvements would save 3,400 acre-feet with a confidence interval of 30 percent.  The savings 
estimate was developed during a time when OUWUA was able to make two daily changes at the 
head of the South Canal.  One change was at 7 am and the last change was at 1 pm.   
 
In the fifth year of operation, the regulating reservoir and associated lateral improvements 
conserved 2,400 acre-feet of water, or about 71 percent of the average annual conservation 
estimated. The savings resulted from reduction of spillage at Beck’s spill, reduction of 
unrecorded spillage from sublaterals and less tailwater. 
 
The spillage reduction at Beck’s Spill1 was 116 percent of the estimated spillage reduction 
volume.  The reduction in unrecorded spillage from sublaterals was 37 percent of the estimate. 
This was less than estimated due to the addition of a third daily change at 6 pm at the South 
Canal heading.  This additional change was allowed in response to California’s drought 
condition.  By reducing flows later in the day, OUWUA keeps water in Black Butte Reservoir 
that, with only two flow changes, would have been saved in the regulating reservoir when flows 
into the sublaterals were cut back.  This reduces the savings attributable to the regulating 
reservoir.  The tailwater reduction is expected to increase slowly with time as area growers learn 
to use the additional flexibility available.   
 
Total cumulative recoverable and irrecoverable water savings for the first five years of the 
project are estimated to be 10,900 acre-feet (Table ES-1). 
 

Table ES-1. Total Cumulative Water Savings for the Life of the Project 

 

                                                 
1 Beck’s Spill is the primary spill site for Beat 2. Comparison of pre- and post-project spillage at this site represents 
spillage reduction due to the system improvements.   

Year Estimated Savings, AF
2012 2,100
2013 2,100
2014 2,200
2015 2,100
2016 2,400

Total 10,900
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1 Introduction 
 
The Orland Project Regulating Reservoir and Associated Canal Structure Improvements 
construction project (Project) was implemented to reduce spillage and increase the operational 
flexibility of a portion of the Orland Unit Water Users’ Association’s (OUWUA) system.  The 
Project is located in north-eastern Glenn County near the town of Orland in the State of 
California. 
 
This project integrates three Efficient Water Management Practices (water delivery flexibility, 
spill recovery system, and automated canal systems) to reduce spillage. The project integrates a 
49 acre-foot capacity regulating reservoir with canal automation to allow flow mismatches to be 
routed to the reservoir to be re-regulated and delivered to users, rather than spilled from the 
system.  Water temporarily stored in the regulating reservoir will also enable increased delivery 
flexibility. Water conserved by spillage reduction and increased delivery flexibility2 will result in 
less water diverted from project storage reservoirs. SCADA monitoring and control was 
implemented at selected structures along Lateral 210 to facilitate routing of flow mismatches to 
the regulating reservoir.  
 
The Project installed automated flow control and water level control overshot gates at 10 
different locations, including two reservoir outlets. All automated gates have controller logic 
hardware and software and measurement sensors. Long crested weirs were installed downstream 
of delivery locations and branching sub-laterals to provide constant upstream water levels for 
steady deliveries. 

2 Project Goals and Objectives 
 
The project goal is to increase water use efficiency through facilities improvements that provide 
canal operators the tools to reduce spillage and increase delivery flexibility. Facility 
improvements included a regulating reservoir and associated flow measurement and automated 
lateral structures to facilitate flow routing. The project will generate additional water supplies, a 
critical goal of regional water management plans, by reducing spillage leading directly to a 
reduction of diversions from project storage reservoirs. There were no changes to the initially 
stated project goals and objectives. 

3 Description of Benefits and Costs 
 
The benefits identified in the project proposal are included in Appendix A for reference. Following 
completion of the project, the benefits have not been revised and the benefits are now being realized.  
The project implementation cost was within project budget. The actual operation and maintenance 
costs for the fifth year of the project totaled $12,400. This is lower than the annual O&M budget of 
$48,367 estimated during project planning3. However, lower costs are to be expected during the early 

                                                 
2 OUWUA currently delivers water on a rotational schedule. 
3 For planning and budgeting purposes, total annual operations and maintenances costs were originally estimated as 
2% and 3% of the total construction costs, respectively. 
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years of the project when all facilities are new and in peak operating condition. O&M costs are 
expected to increase as the facilities age.  
 
The OUWUA has been able to significantly reduce spillage and improve delivery flexibility to 
growers in the Beat 2 area that is benefiting from the project. OUWUA anticipates additional 
water management improvements at the system and farm levels as Association staff become 
more familiar with the features of the new facilities, and growers realize the benefits. New tree 
crops irrigated by drip and micro irrigation systems are already being planted in the Beat 2 area 
to take advantage of the flexibility. 

3.1 Water Quantity 
The total annual water savings in 2016 was 2,400 acre-feet. These savings include savings of 
both recoverable and irrecoverable water. The irrecoverable water savings was of non-beneficial 
evaporation and ET that occurs from surface drains that carry the water away from the area. 
 
The verification of project savings requires that actual-project flow paths be compared to an 
estimate of flow paths if the project hadn’t been completed, according to the verification-based 
modernization and planning process (Appendix A). Estimates of with and without- project 
savings were based on a water balance prepared from 2006 irrigation season records. Total with-
project water savings were estimated at 3,400 acre-feet with a confidence interval of 30 percent 
(Table 1). 
 

Table 1. Estimated Total Project Water Savings with Confidence Intervals 

Targeted Flow Path 
Without 
Project, 
acre-feet 

With-
project, 
acre-feet 

Flow Path 
Reduction, 
acre-feet 

CI1 

Spillage at Beck's Spill 2,600 729 1,871 7% 
Unrecorded Spillage to irrigated lands 1,882 937 945 96% 
Tailwater from irrigated lands 3,165 2,504 661 64% 
Reduced Deliveries (Reservoir area) 23 0 23 10% 
Total Conserved Water     3,500 25% 
New Flow Paths with Reservoir         
Reservoir Evaporation 0 28 -28 30% 
Reservoir Seepage 0 29 -29 50% 
Reservoir Spillage 0 8 -8 10% 
Total New Flow Paths (Losses)     -65 0% 
Total Conserved Water (Rounded to the nearest 100 acre-feet) 3,400 30% 

      1Confidence Interval 

 
The flow paths that were identified for reduction were, in decreasing order of priority: spillage to 
Beck’s Spill, unrecorded spillage to irrigated lands, tailwater from irrigated lands and reduced 
deliveries to the regulating reservoir area. Three new flow paths resulting from the construction 
of the reservoir are reservoir evaporation, reservoir seepage and reservoir spillage. 
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Guidelines and strategies outlined by the Agricultural Water Management Council in their 
Monitoring and Verification Technical Memorandum were used for calculation and analysis of 
actual savings. 
 
Becks Spill Flow Path 
A reduction in spillage at Becks Spill was the primary target for the Project, and is an important 
performance indicator. As part of the feasibility investigation, Becks Spill was measured in both 
2005 and 2006. Changes in operational strategy and infrastructure improvements resulted in a 
decrease in spillage from 2,900 to 2,600 acre-feet in 2005 and 2006, respectively. Due to these 
changes, the 2006 irrigation season was considered more representative of future project 
operations and spillage magnitudes if the reservoir had not been constructed. The with-project 
spillage volume was estimated using a spreadsheet model to simulate reservoir operations on a 
15-minute time-step, based on operational procedures established for this project. The 
simulations estimated that the annual spillage at Beck’s spill could be reduced by 1,871 acre-feet. 
 
The actual project spillage was measured with a ramp flume constructed as part of the Project. 
Water stage upstream of the flume is measured with a pressure transducer inside of a stilling 
well, and recorded by the Association’s SCADA system. Total measured spillage at Becks Spill 
was 428 acre-feet for the 2016 irrigation season that started on April 14 and continued through 
October 27. Spillage volumes by month are summarized in Table 2. 
 

Table 2. Measured Monthly Spill Volumes for Becks Spill in 2016 
Month Spill Volume, AF 
April 63 
May 101 
June 69 
July 55 

August 54 
September 46 

October 39 
Total 428 

 
The total actual annual flow path reduction for Becks Spill was 2,172 acre-feet (2,600 - 428).  
 
Unrecorded Spillage to Irrigated Lands Flow Path 
Unrecorded spillage to irrigated lands from the Beat 2 canal system was estimated to be 1,882 
acre-feet. The reservoir and related automation was designed to capture on-farm spillage from 
several benefit zones. The unrecorded on-farm spillage volume in each benefit zone was 
assumed proportional to the irrigated area in the zone, and the on-farm spillage volume from 
each benefit zone that could be conveyed to the reservoir was estimated. The estimated spillage 
reduction from each benefit zone totaled 945 acre-feet. The estimated reduction by benefit zone 
is shown in Table 3.   
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Table 3. Estimated Reduction in On-Farm Spillage by Benefit Zone 

Benefit 
Area 

Service 
Lateral 

Area, 
acres 

Percent 
of total 
area, % 

Unrecorded 
on-farm 

spillage, af 

Percent 
conveyed to 

reservoir 

Reduction 
in on-farm 

spillage 

With 
project 
on-farm 
spillage 

1 210 702 15% 282 100% 282 0 
3 220 119 3% 56 50% 28 28 
5 211, 220 1,391 30% 565 25% 141 424 
2 210 856 18% 339 75% 254 85 
4 212, 214 792 17% 320 50% 160 160 
6 230 800 17% 320 25% 80 240 

Total   4,660 100% 1,882   945 937 
 
The installation of automated gates at the Lateral 210 heading and at four sublateral headings has 
allowed operators to automatically make flow cutbacks at times when changes have historically 
not been made, specifically between the hours of 2000 (8 pm), corresponding to the last change 
allowed at the head of the South Canal at 1800 (6 pm) and 0700 (7 am).  The savings estimate 
was developed during a time when OUWUA was able to make two daily changes at the head of 
the South Canal.  One change was at 0700 (7 am) and the last change was at 1300 (1 pm). 
 
Prior to the installation of the automated gates, flows in excess of the delivery demands would be 
allowed to spill out the ends of sublaterals or spill on to growers land (i.e. unrecorded spillage to 
irrigated lands). With the automated gates installed by the project, cut backs can be scheduled to 
automatically occur during the night and the additional flow resulting in lateral 210 from 
sublaterals upstream from the reservoir (Lateral 220) pass over the inlet weir and are stored in 
the reservoir. Cutbacks from laterals downstream of the reservoir are also stored by 
automatically adjusting the reservoir outlet gates. These cutbacks were not possible before the 
automatic gates were installed at these sublateral headings.  
 
SCADA flow records from the automated gates were analyzed and all flow reductions greater or 
equal to 2 CFS, and between the hours of approximately 2000 and 0700, were assumed to result 
in reductions in unrecorded spillage. The magnitude of the cutback was multiplied by the time 
until the next water order change (0700) to determine the reduction in volume of unrecorded 
spillage. Prior to the installation of the automatic gates, the ditch tender would not have been 
able to make these cuts during the night and this volume would have spilled from the sublaterals. 
The resulting water savings was 347 acre-feet and are summarized by lateral in Table 4.  These 
cutbacks were captured in the reservoir, regulated and redistributed. 
 
The savings are about 37 percent of the estimate because of the additional daily change at 6 pm 
at the South Canal heading.  This additional change was requested and allowed in response to 
California’s drought condition.  By reducing flows later in the day, OUWUA keeps water in 
Black Butte Reservoir that, with only two flow changes, would have been saved in the regulating 
reservoir when flows into the sublaterals were cut back.  This reduces the savings attributable to 
the regulating reservoir resulting from sublateral cutbacks. 
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Table 4. Calculated Savings of On-Farm Spillage due to Lateral Heading Cut-backs in 2016 

Lateral 
Travel Time from 

South Canal Heading, 
Hours 

Total Cutback 
Vol, AF 

Lateral 10 2:30 23 

Deliveries in Lateral 210 Upstream of Reservoir 1:30 to 3:30 127 

Sublateral 212 3:30 19 

Sublateral 220 3:00 64 

Sublateral 230 4:00 78 

Sublateral 214 5:00 36 

Total = 347 
  

 
Tailwater from Irrigated Lands Flow Path 
The construction of the regulating reservoir, automated gates and long crested weirs greatly 
increased opportunities for OUWUA to provide flexible delivery service to growers. Growers 
interviewed during the feasibility investigation indicated that the availability of flow rates other 
than the standard OUWUA “heads” made possible by the reservoir would increase the likelihood 
of conversion to pressurized irrigation systems. Flow rates and durations are relatively rigid in a 
rotation system often resulting in additional tailwater.  
 
The reservoir provides growers with the ability to order flows and durations that are compatible 
with more efficient irrigation methods (such as pressurized irrigation systems) that can have 
significant agronomic and water use advantages. These advantages have prompted many growers 
to consider conversion. Although Beat 2 will continue to operate primarily on a rotation 
schedule, reservoir storage will increase the opportunities to provide water to growers outside of 
the normal rotation. This flexibility allows the farmer to more closely match deliveries to 
demands and cultural practices of the crop, thereby increasing on-farm water utilization and 
facilitating improved on-farm water management. It will also ensure that OUWUA can continue 
to meet the service needs of those growers who switch from flood irrigation to drip or micro-
spray to take advantage of the benefits provided by these irrigation technologies. 
 
In the feasibility investigation, the area irrigated with pressurized irrigation systems was assumed 
to grow four times faster than it would have if only new plantings of existing orchards were 
installed with pressurized irrigation systems. Assuming the area of permanent planting does not 
increase, this increased adoption rate was estimated to result in a two percent decrease in 
tailwater. 
 
Additionally, the increased flexibility afforded by the system improvements will allow growers 
to shut off delivery when irrigation is complete instead of letting it run until the end of their 
rotation, thereby reducing tailwater. Early delivery shutoffs can be accomplished by contacting 
and passing the delivery to the next grower in the rotation, or by notifying the ditch tender and 
having him make system adjustments to temporarily back the water out of the lateral to be stored 
in the reservoir. Irrigators along Lateral 210 can also shut off early with no advanced notice 
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because the system is designed to automatically pass flow fluctuations in the main canal to the 
reservoir. Based on grower interviews, an additional reduction in tailwater of two percent of the 
delivered volume was estimated. 
 
In the 2006 water balance, tailwater was estimated to be 20 percent of on-farm deliveries. Project 
improvements were estimated to result in a 4 percent increase in on-farm efficiency, or a 
decrease in tailwater from 20 percent to 16 percent (as described in the previous paragraphs). 
However, the mechanisms for tailwater reduction are dependent on the timeliness and the extent 
to which growers react and utilize the additional flexibility. The implementation of pressurized 
irrigation systems is costly and typically occurs during the planting or replanting of orchards For 
these reasons, improvement is expected to be gradual; however, since completion of the Project, 
several growers (totaling about 105 acres) within Beat 2 have converted to pressurized irrigation 
systems utilizing OUWUA surface water. Other growers have also showed significant interest in 
the additional flexibility offered in early shutoffs. Therefore, it is estimated that, during the 
second year of operation, the Project improvements resulted in an additional increase in on-farm 
efficiency of 2 percent, for a total decrease in tailwater from 20 percent to 18 percent of 
delivered water. 12,558 acre-feet was delivered to farms in 2016. A two percent reduction in 
tailwater equates to a total flow path reduction of 251 acre-feet.  
  
Reservoir Evaporation Flow Path 
Evaporation losses from the reservoir were estimated using a crop coefficient of 1.1, multiplied 
by reference evapotranspiration (ETo) from the Orland CIMIS station and the surface area of the 
proposed reservoir. Evaporation losses were estimated at 19 acre-feet over the course of the 
season.  The estimated total evaporative loss of 19 acre-feet estimated was used because the 
season length in 2016 was approximately one month shorter than the season length used to 
develop the estimate.  
 
Reservoir Seepage Flow Path 
During project planning, reservoir seepage was estimated based on the wetted perimeter of the 
reservoir and an estimated seepage coefficient of 0.02 feet per day. This coefficient was 
developed under the assumption that the reservoir would be constructed with a geomembrane 
liner on the floor and side slopes. Further analysis during later stages of the design process 
determined that concrete side slope lining and a heavily compacted earthen floor would 
minimize seepage more economically.  
 
Actual seepage was measured during four separate ponding tests – one in April, one in May, and 
two in October. Reservoir stage during the April and May tests was measured using two pressure 
transducers installed for this purpose. The internal level sensors in the Rubicon gates were used 
for the October tests. For all tests, monitoring duration ranged from 2-3 days. The reservoir inlets 
and outlets were tightly sealed. Evaporation losses were subtracted from the total reservoir 
drawdown over the course of the testing period. Seepage coefficients from the tests were 
averaged across the year, and total seepage was calculated at 394 acre-feet. The slow deposition 
of void-filling silt on the reservoir floor greatly reduced the seepage coefficient from May to 
October. Seepage in future years is expected to remain at the October rate, or about 150 acre-feet 
per season. 
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The combined savings from the various flow paths (Table 5) total and actual annual savings 
achieved during the fifth year of the project of 2,400 acre-feet, or about 71 percent of estimated 
and just inside the confidence interval. The reservoir spillage flow path was removed because the 
spillage location near the reservoir is no longer used. Confidence intervals for the reduced flow 
paths were updated to reflect the accuracy of measurement devices or methods used. The 
resulting confidence interval on the conservation estimate is 12 percent. Savings are expected to 
increase in subsequent years as OUWUA staff becomes more proficient in project operation and 
growers take more advantage of the additional flexibility. 
 
Total cumulative recoverable and irrecoverable water savings for the first five years of the 
project are estimated to be 10,900 acre-feet (Table 6). 
 

Table 5. Actual Total Project Water Savings in 2016. 

Targeted Flow Path Flow Path Reduction, 
acre-feet CI1 

Spillage at Beck's Spill 2,172 12% 

Unrecorded Spillage to irrigated lands 347 5% 

Tailwater from irrigated lands 251 96% 

Reduced Deliveries (Reservoir area) 23 10% 

Total Conserved Water 2,792 10% 

New Flow Paths with Reservoir     

Reservoir Evaporation -19 25% 

Reservoir Seepage -394 20% 

Total New Flow Paths (Losses) -413 19% 
Total Conserved Water (Rounded to the nearest 
100 acre-feet) 2,400 12% 

 
Table 6. Total Cumulative Water Savings for the Life of the Project 

 
 
The project reduces nonproductive ET (an irrecoverable loss), therefore, meeting CALFED Bay-
Delta Targeted Benefit (TB) 18. In addition, the project increases water available to the Bay-
Delta Watershed through a reduction in current diversions. 

3.2 In-stream Flow 
Provides additional flow in the Sacramento River below Keswick Dam, TB 13, as described 
previously. 

Year Estimated Savings, AF
2012 2,100
2013 2,100
2014 2,200
2015 2,100
2016 2,400

Total 10,900
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3.3 Water Quality 
Provides additional flow in the Sacramento River below Keswick Dam, as described previously, 
which improves aquatic ecosystem conditions. 

3.4 Energy 
The project has no direct energy efficiency impacts because reservoir inflow and outflow are 
gravity flow. Additionally, the new automated gates operate with energy generated by solar 
panels. To the extent that growers are able to reduce applied water as a result of increased 
delivery flexibility and are currently pressurizing irrigation water through the use of electrical 
pumps, some energy could be conserved. Additionally, to the extent that growers who are 
currently pumping groundwater and using electrical power, their surface water use will increase 
as a result of increased flexibility, and thus, reductions in energy for pumping will occur. 

3.5 Other 
The conserved water can be routed to the Tehama Colusa Canal (TCC), or other locations as 
transfers, with the potential to generate additional funds for future water management projects. 
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Appendix A.  Anticipated Project Benefits 
The project resulted in a greater water quantity being available to the Bay Delta Watershed 
through a reduction in spillage and non-beneficial ET. Water will remain in Orland project 
reservoirs, to be allocated at the discretion of the OUWUA to achieve local, regional and 
statewide benefits. Water can be released to Stony Creek or passed through Orland project canals 
to the Tehama Colusa Canal (TCC). With this increased operational flexibility, the following 
benefits become possible: 
 

• Provide instream flow to support the long-term Stony Creek environmental restoration and 
fishery resource management objectives of the various state and federal resource agencies. 

• Provide supplemental water supply to the TCCA service area 
• Provide supplemental water supply and operating flexibility to support other beneficial water 

uses within the Sacramento Valley 
• Reduce diversion from the Sacramento River at key periods to improve in-stream flow 

conditions 
• Provide long-term diversion flexibility to increase the water supply for beneficial uses 
• Decrease non-beneficial evaportranspiration (ET), thereby increasing net supplies available for 

beneficial uses 
 

Increased water releases to Stony Creek may provide benefits to the anadronomous fish 
population.  An additional benefit of increased flows in Stony Creek is recharge of the regional 
groundwater system, which is extensively developed to meet irrigation, municipal and other local 
and regional water demands. 
 
Water released into the Orland canals and passed to the TCC will allow for a reduction in TCC 
diversions at Red Bluff (through future exchange agreements). Thus, the conserved water could 
provide system benefits anywhere downstream of Red Bluff. 
 
The Orland Project has a very reliable water supply with shortages occurring in one out of every 
thirty years. In those years, the Project savings will result in increased reservoir carryover storage 
from the prior year, thereby providing local benefit in the form of limited drought protection. 
Additionally, depending on successful conclusion of negotiations with Reclamation, the 
OUWUA intends to use Project savings to engage in strategic water transfers, with transfer 
revenues used first to offset the Project’s increased operations and maintenance costs. Finally, 
the Project serves to demonstrate technological advancement, leading the OUWUA into an era of 
facilities modernization and improved water management. 
   
To achieve the abovementioned benefits, the Project design team utilized a specific planning 
process that was centered on estimates of with- and without-project water savings. The estimates 
of potential water savings were based on a comprehensive water balance prepared from the 2006 
irrigation season project records. The followings sections describe this planning process, the 
structure of the water balance and the estimation of with- and without-project water savings. 
 
In 2006, the OUWUA irrigation season ran from early May to late October and the total Beat 2 
inflow from the South Canal was just less than 21,300 acre-feet. Of this amount, just less than 
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14,000 acre-feet, or 66 percent, was recorded as delivered to water users. Twelve percent of the 
total inflow, or 2,600 acre-feet, flowed out of Beat 2 via Beck’s Spill, the primary spillage flow 
path targeted for reduction by implementation of the proposed regulating reservoir. After 
accounting for seepage and evaporation losses, just less than 3,800 acre-feet, or 18 percent, of 
the inflow volume had not been accounted for (Table A.1). 
 
The OUWUA ditch tender records delivery volume to growers based on the standard head 
delivered and the duration of the delivery. As described in TM 2, the ditch tender operates with 
two standard heads of 10 and 15 cfs. After accounting for losses, the delivered flow rates are 
assumed to be 6 and 11.5 cfs, respectively. Given the need to ensure that growers near the ends 
of the distribution system receive this volume of water, and the fact that the volume lost 
increases as distance to a delivery increases, it seems likely that growers near the beginning of 
Beat 2 receive greater deliveries than recorded. This greater than recorded delivery volume has 
been called “unrecorded deliveries” throughout this TM. 
 
However, if all the unaccounted inflow volume is assumed to be unrecorded deliveries, the 
fraction of delivered water consumed by crops, known as the irrigation consumptive use 
coefficient (ICUC), would be 59 percent for the 2006 irrigation season. Based on discussion with 
OUWUA staff, grower interviews and knowledge of similar irrigation systems, the ICUC 
seemed too low. Assuming half of the unaccounted inflow volume to be unrecorded deliveries 
results in an ICUC of 66 percent. This was more consistent with the anecdotal evidence from the 
grower interviews and OUWUA staff observations. Thus, the unaccounted water was assigned 
equally to unrecorded spillage and unrecorded deliveries. 
 
Total crop evapotranspiration (ETc) was estimated to be about 11,300 acre-feet during the 
irrigation season with 92 percent of this amount, or about 10,400 acre-feet, being ET of diverted 
irrigation water. The remaining eight percent of ET was from rainfall stored in the root zone 
from winter rainfall. Including recorded and unrecorded deliveries, the total inflow to the 
irrigated lands in Beat 2 is just over 15,825 acre-feet. Tailwater was estimated to be 20 percent, 
about 3,200 acre-feet, of the total.  The unrecorded spillage, approximately 1,900 acre-feet, was 
assumed to “flow through” the irrigated lands without contributing to ETc. After accounting for 
all the other outflows, 1,870 acre-feet, or 12 percent, had not been accounted for. This remainder 
of the inflow volume is deep percolation of applied water, the closure term (Table A.2).  
 
The flow paths targeted for conservation are, in decreasing order of priority: 1) measured flows 
at Beck’s Spill, and Beat 2) unrecorded spillage to irrigated lands and tailwater from irrigated 
lands. With the project, excesses of supply that would have either spilled through Beck’s spill or 
to irrigated lands will be stored in the proposed regulating reservoir.  With the project, growers 
will be able to reduce tailwater by shutting delivery off when their irrigation is complete, with 
the undelivered water stored in the regulating reservoir for future scheduled delivery. 
 
Confidence intervals were estimated for each term in the water balance based on published 
values of accuracy for the measurement devices utilized to measure flow and professional 
judgment. The Parshall flume at the head of Lateral 210 at the beginning of Beat 2 has a standard 
accuracy ranging from three to five percent (USBR, 1997). This standard accuracy is reduced 
due to the location of the flume just downstream from a 90 degree bend in the lateral and the
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Table A.1. Summary of 2006 OUWUA Beat 2 Canal Water Balance 

Source/Equation 

Inflow Outflows 

OUWUA 
Water 
Order 

Database 

OUWUA 
Water 
Order 

Database 

Measured 
Flows at 
Beck's 
Spill 

Estimated 
based on 
Concrete 

Lined 
Seepage 

Coefficient 
(0.24 

ft3/ft2/day)1 

Water 
Surface Area 

* ETo*1.1 

OUWUA 
Water 
Order 

Database 

Closure--Combination of 
Unrecorded Spillage and 

Deliveries to Irrigated 
Lands--Estimated as Equal 
Amounts of Spillage and 

Delivery 

Month 
No. of 
Days 

Beat 2 
Diversion, 
acre-feet 

Recorded 
Deliveries, 
acre-feet 

Measured 
Spill, 
acre-feet 

Seepage, 
acre-feet 

Evaporation, 
acre-feet 

Recorded 
Spill (not 
including 
Beck's 
Spill) , 
acre-feet 

Unrecorded 
Deliveries 
to Irrigated 
Lands, acre-
feet 

Unrecorded 
Spillage to 
Irrigated 
Lands, acre-
feet 

5 28 3,201 2,143 290 109 8 21 315 315 
6 30 4,409 2,842 472 130 11 104 425 425 
7 31 4,260 2,991 324 129 11 37 384 384 
8 31 3,933 2,560 507 127 10 40 344 344 
9 30 3,356 2,148 564 114 8 17 252 252 

10 26 2,120 1,259 443 76 4 13 162 162 
Total 176 21,279 13,943 2,600 685 52 232 1,882 1,882 
Percentage of Diversion 66% 12% 3% 0% 1% 9% 9% 

1Published seepage rates from lined canal ponding tests vary substantially. Two examples are 0.07 ft3/ft2/day for 3- to 4-inch concrete liner with good joint filler 
(USBR, 1994) and 0.24 ft3/ft2/day for “weathered and aged” concrete lining (Worstell, 1976).  Much of the lining in Beat 2 fits the “weathered and aged” 
description, thus, 0.24 ft3/ft2/day was selected as the seepage coefficient
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Table A.2. Summary of 2006 OUWUA Beat 2 Irrigated Lands Water Balance 

Source/ 
Equation 

Inflows Outflows 

(Recorded 
Deliveries) + 
(Unrecorded 
Deliveries to 

Irrigated 
Lands) 

Orland 
CIMIS 
Station 

#61 

Water 
Balance 
Closure  

Rainfall 
Water 

Balance 
Closure 

(District 
Deliveries)* 
(Estimated 
Tailwater 
percent)   

Rootzone 
Model 

Rootzone 
Model 

Rootzone 
Model 

Rootzone 
Model 

Rootzone 
Model 

Month 

District 
Deliveries, 
acre-feet 

Rainfall, 
acre-feet 

Deep 
Percolation 
of Applied 
Water, 
acre-feet 

Deep 
Percolation 
of Rainfall, 
acre-feet 

Tailwater, 
acre-feet 

Storage 
Change 
of 
Applied 
Water, 
acre-feet 

Rainfall 
Runoff, 
acre-feet 

ET of 
Applied 
Water, 
acre-feet 

ET of 
Rainfall, 
acre-feet 

Evaporation 
of Rainfall, 
acre-feet 

Storage 
Change 
of 
Rainfall, 
acre-feet1 

May-06 2,458 261 417 62 492 376 26 1,173 821 26 -675 
Jun-06 3,267 40 461 4 653 149 4 2,004 48 4 -19 
Jul-06 3,375 0 460 0 675 -6 0 2,245 2 0 -2 

Aug-06 2,904 0 242 0 581 -9 0 2,091 0 0 0 
Sep-06 2,400 0 196 0 480 15 0 1,710 0 0 0 
Oct-06 1,421 16 94 1 284 -108 2 1,151 12 2 0 

Total 15,825 317 1,870 67 3,165 417 32 10,374 883 32 -696 
Percentage of Deliveries 12%   20% 3%   66%       
1Negative values denote depletion of water stored in the root zone. 
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resulting confidence interval is estimated at 10 percent. Beck’s Spill flow volumes were 
measured with a measurement device rated based on current meter measurements. Accuracy of 
current meter measurements has been assessed to be 2.2 percent (Carter and Anderson, 1963). 
 
In addition to the measured spillage at Beck’s Spill, Beat 2 has an estimated 1,882 acre-feet of 
unrecorded spillage to irrigated lands. Operational benefit zones, described in TM 2, were 
defined with respect to expected reduction in on-farm spillage volume attributable to the project.  
The unrecorded on-farm spillage volume in each benefit zone was assumed to be proportional to 
the irrigated area in the zone. For example, benefit area one totaled 702 acres, or 15 percent, of 
the total area in Beat 2. Consequently, it was assumed that 15 percent of the total unrecorded on-
farm spillage volume, 282 acre-feet, occurred in benefit area one (Table A.3). Based on the 
location of the benefit area with respect to the reservoir and the difficulty of conveying a head 
from the benefit zone to the reservoir, a percent of on-farm spillage volume from each benefit 
zone that would be conveyed to the reservoir was estimated. Totaling the estimates from each 
benefit zone resulted in a with–project spillage reduction of 945 acre-feet. 
 

Table A.3. Estimated Reduction in On-farm Spillage by Benefit Zone 

Benefit 
Area1 

Area, 
acres 

Percent 
of total 
area, % 

Unrecorded 
on-farm 
spillage 

Percent 
conveyed to 
reservoir, % 

Reduction 
in on-farm 

spillage, 
acre-feet 

With-
project 
on-farm 
spillage 

1 702 15% 282 100% 282 0 

3 119 3% 56 50% 28 28 

5 1391 30% 565 25% 141 424 

2 856 18% 339 75% 254 85 

4 792 17% 320 50% 160 160 

6 800 17% 320 25% 80 240 
Total 4660 100% 1882   945 937 

1See Figure A.1. Benefit areas are ordered based on increasing distance from the Lateral 210 heading 
 
With-Project On-farm Efficiency 
Ten existing on-farm irrigation systems were inspected and the associated growers interviewed 
to provide information to complement the water balance, especially with respect to estimates of 
existing and with-project on-farm irrigation efficiency. Through the interviews, three 
mechanisms of on-farm savings were identified that align with the unmeasured “on-farm” 
spillage and tailwater flow paths. These mechanisms and associated savings estimates are 
discussed in the following paragraphs. 
 
The operation of a regulating reservoir on Beat 2 would provide growers with increased delivery 
flexibility, allowing them to shut off delivery when irrigation is complete, thereby reducing 
tailwater. Early delivery shutoffs could be accomplished by contacting and passing delivery to 
the next grower in the rotation, or by notifying the ditch rider of the shutoff and the ditch rider 
making system adjustments to store the undelivered water in the reservoir. The ability to convey  
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Figure A.1. Operational Benefit Zones in OUWUA Beat 2  
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flow into the reservoir from farm deliveries shut off early will depend upon the location and 
duration of the delivery. For growers to take advantage of this flexibility, they must be informed 
about the possibility and the related rules and procedures. Grower outreach will be proposed to 
inform growers about changes in procedures expected with the reservoir. The number of growers 
who take advantage of this flexibility will depend largely on the perceived benefits. Based on the 
interviews, the reduction in tailwater was estimated to be just 2 percent (from 20 to 18 percent) 
of the delivered water volume.  
 
Tailwater reduction is also expected to result from the project by its inducement of conversion 
from existing surface irrigation methods to pressurized irrigation systems.  In the interviews, 
almond and olive growers indicated an interest in converting to pressurized irrigation systems; 
however, conversion is expensive and typically occurs when an orchard is replanted. Growers 
indicated that the availability of flow rates other than the standard OUWUA “heads” made 
possible by the reservoir would increase the likelihood of conversion. The area irrigated with 
pressurized irrigation systems was assumed to grow four times faster than it would have if only 
new plantings of existing orchards were installed with a pressurized irrigation system. Assuming 
the area of permanent planting does not increase, this increased adoption rate resulted in a two 
percent decrease in tailwater. 
 
Combining the water savings associated with these two mechanisms indicates a tailwater 
reduction from 20 to 16 percent, or an estimated increase of four percent in on farm efficiency.  
This is a conservative estimate that could be easily reached or exceeded with an effective farmer 
education program. Improvement will likely be gradual. 
 
Total Project Water Savings 
With the reservoir, three new flow paths will be added to the Beat 2 water balance: 1) 
evaporation from the reservoir, 2) seepage from the reservoir and 3) spillage that may result if 
the reservoir fills to capacity. Water that leaves the area along these new flow paths must be 
quantified and included in the with-project scenario to obtain total project water savings. The 
quantification of these flow paths uses the same methods as for analogous flow paths in the Beat 
2 water balance. 
 
Evaporation is estimated with a crop coefficient of 1.1, reference evapotranspiration (ETo) from 
the Orland CIMIS station and the surface area of the proposed reservoir. Seepage is estimated 
based on the wetted perimeter of the proposed reservoir and an estimated seepage coefficient of 
0.02 ft per day. These two flow paths were estimated to have confidence intervals of 30 and 50 
percent, respectively. The spillage that would occur at the reservoir under with-project conditions 
was estimated in the spreadsheet simulation as three acre-feet with a confidence interval of ten 
percent. Including these new flow paths, the total project water savings are estimated to be 3,400 
acre-feet with a 95 percent confidence interval of ±30 percent (Table A.4).   
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Table A.4. Estimated Total Project Water Savings with Confidence Intervals 

Targeted Flow Path 

Without 
Project, 
acre-feet 

With-
project, 
acre-feet 

Flow Path 
Reduction, 
acre-feet CI1 

Spillage at Beck's Spill 2,600 729 1,871 7% 
Unrecorded Spillage to irrigated lands 1,882 937 945 96% 
Tailwater from irrigated lands 3,165 2,504 661 64% 
Reduced Deliveries (Reservoir area) 23 0 23 10% 
Total Conserved Water     3,500 25% 
          
New Flow Paths with Reservoir         
Reservoir Evaporation 0 28 -28 30% 
Reservoir Seepage 0 29 -29 50% 
Reservoir Spillage 0 8 -8 10% 
Total New Flow Paths (Losses)     -65 0% 
          
Total Conserved Water (Rounded to the nearest 100 acre-feet) 3,400 30% 

1Confidence Interval 
 
Confidence intervals were estimated for the 2006 Beat 2 water balance as described earlier. The 
with-project flow paths were assumed to have the same confidence interval as the without project 
flow paths to compute a confidence interval for the flow path reduction. The confidence intervals 
for the new flow paths with the reservoir were estimated similarly to analogous flow paths in the 
2006 Beat 2 water balance. Combining the confidence intervals following Clemmens and Burt 
(1997) results in a 30 percent confidence interval on the total project water savings of 3,400 acre-  
feet. This means the savings are estimated to be between 2,380 and 4,420 acre-feet with 95 
percent confidence.   
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NORTHSIDE DISTRIBUTION SYSTEM IMPROVEMENT PROJECT PHASE II 

The Orland Unit Water Users Association (OUWUA or Association) recognizes the need for system 
modernization to improve water use efficiency and is aggressively following a conceptual modernization 
plan. OUWUA is utilizing a strategy of re-routing flow fluctuations along main canals to points where 
these flows can be re-regulated. These reregulating points are either regulating reservoirs or discharge 
points to the Tehama-Colusa Canal (TCC) where OUWUA receives credit to offset its Stony Creek 
diversions.  The conceptual modernization plan focuses on facilitating the routing of these flow 
fluctuations by improvement of main canal structures and regulating reservoirs, and installation of 
SCADA technology. 

Primary goals identified by the OUWUA include replacing obsolete structures, increasing water delivery 
flexibility, and increasing conveyance efficiency. Among other benefits, the improved levels of service 
made possible through modernization will ensure continued use of renewable surface water 
supplies, reducing the incidence of farmers converting to readily available groundwater supplies. 
This, in turn, will protect local groundwater supplies for use in dry periods, when needed. 

Project Description 

The Northside Distribution System Improvement Project furthers OUWUA’s objective to improve 
delivery flexibility and reduce system spillage by modernizing existing infrastructure.  The Project would 
combine a regulating reservoir with improvements to lateral headings and improvements on the Northside 
main canal (Laterals 100 and 130) designed to pass flow changes from the lateral heading and deliveries 
to the regulating reservoir.  The reservoir would be located about two-thirds of the way down the system 
to ensure the demand downstream is sufficient to utilize all the water reregulated by the reservoir.  This 
project would integrate Efficient Water Management Practices 5 (piping/lining and regulating reservoirs), 
6 (water delivery flexibility), and 9 (automated canal systems).  The Project was divided into two phases 
to implement priority improvements first and mesh with available funding.  Each completed phase will 
collect data to evaluate and refine operations and assess and refine the water management improvement 
objectives of future phases.  

Phase I focuses on the upper half of the Northside system to improve distribution efficiency at main flow 
division points and obtain cost effective benefits. Implementing remote control of the North Diversion 
gates achieves water savings without a regulating reservoir by providing near real-time adjustment of 
system inflows so that water supply can be better matched to customer water demands and system 
spillage minimized.  Currently under construction, this phase is estimated to increase water use efficiency, 
conserving an estimated 2,700 acre-feet per year.  The conservation comes from reducing distribution 
system spillage and increasing water delivery flexibility to users. These objectives will be achieved by 
improving upstream water level control with long crested weirs and installing new automated headgates 
on selected laterals together with the aforementioned remote control of the North Diversion gates.  The 
automated North Diversion gates and lateral headgates will be added to OUWUA’s SCADA system to 
provide remote monitoring and control capability.  Figure C-1 provides an overview map of the Phase I 
improvement sites. 
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Figure C-1.  Location of Northside Distribution System Improvement Project Phase I Improvement Sites.
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Phase II will include long crested weirs continuing down Lateral 130, automated gates at lateral headings 
and a regulating reservoir.  This enables flow changes resulting from adjustments at the four automated 
lateral headings and deliveries along Lateral 130 when demand changes to pass down the lateral into the 
regulating reservoir.  Additionally, the automated outlet of the regulating reservoir can be adjusted to 
minimize downstream spills. This phase builds on the foundation established by Phase I and could be split 
into two phases if necessary to best utilize available funding. Figure C-2 provides an overview map of the 
Phase II improvement sites including three potential locations for the regulating reservoir. 

Regulating reservoirs are an important part of OUWUA’s modernization plans, in that they minimize 
system spillage while enabling system operators to provide additional delivery flexibility to growers. By 
providing improved surface water service, these reservoirs help the Association accomplish its 
conjunctive water management goals, through which local and regional water supply reliability may be 
improved.  

Phase II generally includes improvements to four site categories: heading structures, upstream water level 
control structures, operational spill structures, and regulating reservoirs. The objectives for each of these 
site types is described in Table C-2.  

The specific improvements to be completed under Phase II are described in additional detail below. 

SYSTEM MODERNIZATION 

The plans for Phase II include of structural improvements and a regulating reservoir located 
approximately two-thirds down the main canal (i.e., Lateral 130). The structural improvements, regulating 
reservoir and associated benefits are described in the following sections, respectively. 

Structural Improvements 

Overview 
Work from Phase I will be expanded upon by continuing the structural improvements downstream on 
Lateral 130, the backbone of the system designed to collect flow mismatches and automatically pass these 
mismatches to the regulating reservoir. This will include new long-crested weirs to pass flow changes 
downstream while maintaining upstream water control at each bifurcation and at any existing, 
intermediate check structure. At each bifurcation, one leg will have a long-crested weir and the other will 
have flow control with measurement. Four lateral heading (i.e., L131, L134, L135, and L150) will be 
installed with either a Rubicon slip meter or flume gate to provide automated flow control and integrate 
with the Association’s existing SCADA system. Thirty-three (33) water level control sites will be 
replaced with either a single or double bay long-crested weir or a flap gate. Double bay long-crested weirs 
will be installed at the two checks upstream of Lateral 131 to minimize significant head fluctuations in the 
upstream pool due to the higher flow rates. Long-crested weirs downstream of Lateral 131 will be single 
bay as the reduced flow rate does not justify the longer crest length needed to pass the canal design flow 
rate.  Table C-3 summarizes sites with the corresponding improvement.  

 



2017 OUWUA 
AGRICULTURAL WATER              POTENTIAL PROJECTS TO ENHANCE 
MANAGEMENT PLAN        OUWUA WATER MANAGEMENT CAPABILITIES 

Final C-5               April 2017 

Figure C-2.  Location of Northside Distribution System Improvement Project Phase II Improvement Sites.



2017 OUWUA 
AGRICULTURAL WATER   POTENTIAL PROJECTS TO ENHANCE 
MANAGEMENT PLAN  OUWUA WATER MANAGEMENT CAPABILITIES 

Final C-6  April 2017 

Table C-2.  System Modernization Objectives by Site Category. 
Site Category General Modernization Objective 

Heading 

 Replace old, aging and/or deteriorated structures and equipment, as 
needed. 

 Provide increased accuracy, repeatability, and consistency in 
downstream deliveries to Association shareholders preventing farm 
runoff and tail end spills. 

 Improve ability for flow adjustments to prevent spill and enhance 
delivery service.  

 Increase safety of site for operators. 

Upstream Water 
Level Control 

 Replace old, aging and/or deteriorated structures and equipment, as 
needed. 

 Maintain constant upstream deliveries by reducing fluctuation in 
desired upstream water level over a range of canal flow rates. 

 Simplify operations by reducing the need to add or remove flashboards 
to maintain water levels across a range of flows. 

 Facilitate the ability to make frequent flow changes through the system, 
as needed. 

 Consolidate safety spills by eliminating intermediate safety spills, 
where practical.  

 Increase site safety for operators. 

Operational Spills 

 Provide accurate and accessible measurement of spillage flow rate from 
the lateral as feedback loop on heading operation, general lateral 
operation, and Association water accounting. 

 Increase safety of operating site. 

Regulating 
Reservoirs 

 Construct a new regulating reservoir to match downstream flows to 
demand, minimizing operational spillage and increasing delivery 
flexibility to water users. 

 Facilitate the ability to make frequent flow changes through the system, 
as needed. 

 Provide increased accuracy, repeatability, and consistency in 
downstream deliveries to Association customers preventing farm runoff 
and tail end spills. 
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Table C-3.  Inventory of System Structural Improvements by Site Location and Type. 
Site Name/Description Site Type Improvement 

Laterals 131 and 134 Headings 
Lateral 

Heading 
Install Rubicon Slip Meter and Integrate into 

SCADA System for Automated, Remote Control 

Laterals 135 and 150 Headings 
Lateral 

Heading 
Install Rubicon Flume Gate and Integrate in 

SCADA System for Automated, Remote Control 
Check Structures (30 sites) – 
With Relatively Lower Flows 

Check 
Structure 

Install Single Bay Long-Crested Weir 

Check Structures (2 sites) – 
With Relatively High Flows 

Check 
Structure 

Install Double Bay Long-Crested Weir 

Upstream Water Level Control 
Structure (1 site) 

Check 
Structure 

Fabricate and Install Flap Gate 

Donnelley Spill 
Operational 

Spill 
Install Side Spill Weir with appropriate 

measurement 

Harris Spill 
Operational 

Spill 

Construct Long-Throated Flume for Flow 
Measurement and Integrate into the Association’s 

existing SCADA system. 
 

Estimated Cost 
The estimated cost to design and implement the canal improvements of Phase II of the Northside 
Distribution Improvement project is approximately $2.85 million. The estimated project cost is derived by 
summing all direct and indirect costs and contingencies, as shown in Table C-4. This is a reconnaissance 
level cost estimate and all unit costs are in 2016 dollars.  

 

Regulating Reservoir 

Overview 
OUWUA is planning to construct a regulating reservoir in the Northside distribution system as part of 
Phase II. The Association completed a feasibility study for incorporating a regulating reservoir(s) into the 
distribution system. The study identified the Beat 2 site and three potential sites for constructing a new 
reservoir along Lateral 130 in the Northside, shown in Figure C-3.  
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Table C-4.  Project Cost to Complete Phase II Structural Improvements. 
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Figure C-3. Potential Sites for Constructing Regulating Reservoir. 

Upper, middle, and lower locations were identified. The downstream demand at each site is 
approximately 70 CFS, 30 CFS, and 20 CFS; respectively.  Results of the analysis recommended 
constructing a 35 acre-foot regulating reservoir in close proximately to where Laterals 134 and 135 
branch off Lateral 130 (i.e., the ‘upper’ location).  Additionally, the area served and historical water 
demands downstream of this point are sufficient to utilize the water that is re-regulated by the reservoir.  
The reservoir should be located upstream of the railroad tracks, to allow for capture of high flows released 
from early shut offs upstream. Additional site inspections and investigations are required before a final 
site is selected. 

Estimated Cost 
The 35 acre-foot ‘upper reservoir’ was selected for estimation of representative costs for design and 
construction of the regulating reservoir (Table C-5).  The estimated cost in 2016 dollars of a 35 acre-foot 
regulating reservoir is $4.1 million.  It is assumed that water for the reservoir would be either gravity in 
and pumped out or pumped in and gravity out; thus, a pump station was included in the project costs.   
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Table C-5. Project Cost to Construct a Regulating Reservoir at the ‘Upper’ Location. 

 
 

Benefit Analysis 

The structural improvements to Lateral 130 of the Northside distribution system include several 
automated lateral headings and new cross checks to allow flow changes to pass along the lateral without 
manual intervention.  Flow paths expected to change as a result of these improvements are: 

 Operational spillage 

 Tailwater 

 Drainage outflows 

 Deliveries 

 Diversions 

Improvements would allow reduced operational spillage and reduced deliveries due to increased delivery 
efficiency, which would reduce on-farm tailwater and, in some cases, deep percolation.  The 
improvements provide ditch tenders with improved tools to better match diversions with deliveries.  This 
leads to reduced deliveries and reductions in spillage and drainage outflows.  Each phase provides some 
benefit, with most of the benefit of Phase II coming when the structural improvements are combined with 
the regulating reservoir.   
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The proposed reservoir would operate similar to the Beat 2 regulating reservoir.  Comparing the proposed 
Phase II structural improvements and regulating reservoir to the savings achieved by the Beat 2 structural 
improvements and regulating reservoir indicates that the proposed 35 acre-foot reservoir could conserve 
between approximately 1,700 and 2,400 acre-feet.  This includes 1,000 to 1,300 acre-feet of spillage with 
additional estimated savings achieved through cutbacks at lateral headings made possible by the 
automated gates at the headings and reduced tailwater made possible through improved delivery 
flexibility. 

Conclusion 

OUWUA is currently implementing EWMPs associated with this proposed improvement project at 
locally cost-effective levels.  The cost of conservation associated with Phase II of the Northside 
Distribution System Improvement Project is greater than the local benefits.  This is supported by the 2010 
Census data that shows the county of Glenn and City of Orland have Median Household Incomes below 
the level that defines a disadvantaged community.  Furthermore, a 2004 payment capacity study 
conducted by the Bureau of Reclamation concluded that the “farmers in OUWUA had no payment 
capacity.”   

Nevertheless, OUWUA is committed to the ongoing evaluation and implementation of water management 
practices that improve delivery service while fulfilling the Association’s mission and corresponding water 
management objectives. The Association will continue efforts to obtain funding to complete Phase II of 
the Northside Distribution System Improvement Project and other projects that may be identified to 
effectively manage available surface water and groundwater supplies. 
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ATTACHMENT D. OUWUA WATER DISTRIBUTION AND GENERAL 
AGRICULTURE STATISTICS, 1911 TO 2016 
 











Year

Total 
Irrigated 

Acres
Alfalfa, 
Clover Almonds Corn

Field 
Crops Grain Olives Oranges Pasture Prunes Walnuts Other Idle

Non 
Irrigated*

1965 18,887 4,476 1,254 1,321 50 475 602 353 9,782 299 214 61 791 2,477

1966 19,069 4,406 1,187 1,550 43 475 700 326 9,823 307 193 59 757 2,299

1967 18,293 4,656 1,087 1,334 23 682 596 347 9,054 309 167 38 1,032 2,302

1968 18,203 3,993 1,205 1,673 26 519 694 389 9,180 304 182 38 1,081 2,270

1969 18,086 3,851 1,193 1,237 74 593 717 473 9,411 308 192 37 1,085 2,233

1970 18,158 3,747 2,006 1,202 14 854 38 469 9,324 283 186 35 1,127 2,032

1971 17,849 3,873 1,141 1,255 13 354 780 580 9,260 335 229 29 1,183 2,041

1972 17,571 3,575 1,097 1,130 0 366 830 603 9,364 343 228 35 1,469 2,093

1973 16,590 2,823 1,077 932 0 269 742 475 9,758 256 241 17 1,301 2,700

1974 17,432 3,239 1,077 1,133 0 299 742 795 9,610 247 241 49 812 2,529

1975 18,588 2,981 1,007 1,459 0 598 1,003 661 10,310 295 225 49 812 2,304

1976 16,970 2,622 653 1,005 0 1,223 966 569 9,485 261 184 2 1,183 2,902

1977 8,929 2,137 779 629 0 563 862 404 3,197 220 138 0 7,719 3,222

1978 17,127 2,752 847 1,707 128 670 979 480 9,181 252 131 0 1,731 3,032

1979 17,371 2,027 1,875 1,789 34 1,639 46 340 9,204 298 119 984 2,700

1980 19,425 3,322 872 2,345 1,019 2,290 418 8,770 285 104 429 1,891

1981 17,356 2,903 959 2,103 129 1,227 1,079 340 8,256 253 107 3,826

1982 18,698 3,311 862 1,921 14 730 1,029 319 10,090 317 105 774 2,470

1983 16,925 2,886 633 1,193 1 312 1,075 389 10,107 256 73 3,150

1984 16,940 2,800 895 1,413 1 309 1,062 360 9,677 300 123 1,591 2,671

1985 17,460 3,032 1,077 1,667 2 158 1,087 343 9,713 284 97 1,741 1,756

1986 16,506 3,055 934 1,075 11 42 1,105 327 9,581 293 83 1,618 2,622

1987 17,524 2,560 1,026 1,489 135 354 1,145 356 9,972 387 100 1,782 2,450

1988 17,426 2,577 1,030 1,496 86 162 1,104 331 10,149 385 106 1,812 2,997

1989 16,893 1,807 1,087 1,214 53 503 1,270 329 10,121 419 90 2,136 2,977

1990 16,709 2,875 1,098 1,097 13 442 1,294 100 9,318 373 99 1,862 3,439

1991 16,170 1,948 967 768 51 199 1,324 170 10,350 306 87 1,981 2,448

1992 17,150 1,537 1,226 967 13 569 2,108 287 9,948 391 104 2,598 2,432

1993 16,245 1,451 1,210 682 13 409 1,701 290 9,994 374 121 2,589 2,409

1994 15,995 1,453 1,103 544 13 117 1,640 313 10,371 349 92 2,258 2,697

1995 20,532 2,008 1,301 465 215 1,764 278 9,366 554 136 2,199 2,246

1996 12,982 961 1,066 777 13 219 1,670 242 7,513 398 96 27 7,452

1997 16,024 966 1,095 792 47 73 1,790 228 10,308 593 132

1998 15,866 1,328 555 665 31 128 2,001 243 10,233 561 121 2,144 2,424

1999 17,469 1,476 1,068 298 41 268 1,993 183 11,119 785 153 85 1,706 1,344

2000 20,157 1,182 1,120 659 2 65 2,504 270 9,082 819 101 126 2,683 1,447

2001 15,652 1,354 916 603 18 2,544 349 8,921 680 96 1 2,817 1,392

2002 20,114 617 1,097 787 48 423 2,625 261 9,912 645 118 364 3,218 1,485 

2003 20,617 600 1,153 15 6 1,795 2,344 251 10,115 641 125 251 3,321 1,481 

2004 20,278 363 1,109 0 6 1,728 2,292 272 9,983 565 85 306 3,571 1,479 

2005 20,017 346 1,076 21 265 1,410 1,864 253 9,578 550 123 217 4,314 1,428 

2006 19,948 587 1,157 10 6 1,243 1,816 246 9,931 640 56 286 3,970 1,407 

2007 19,880 502 956 10 68 1,502 1,889 206 9,915 600 116 234 3,883 1,367 

2008 19,878 512 969 0 8 1,730 1,895 220 9,753 591 145 228 3,828 1,383 

2009 19,836 515 875 0 189 1,542 1,879 227 9,468 639 142 178 4,182 1,385 

2010 19,803 635 899 0 174 1,549 1,938 193 9,447 614 212 124 4,018 1,386 

2011 19,796 515 969 0 204 1,725 1,942 203 9,250 574 197 158 4,059 1,388 

2012 19,857 412 900 1,469 708 1,926 192 9,098 464 214 156 4,318

2013 19,850 423 853 1,227 906 1,926 192 8,769 479 496 165 4,415

2014 19,850 436 823 675 1,196 1,779 187 8,005 448 565 157 5,581

2015 20,030 493 667 1,106 958 1,679 181 8,077 382 748 137 5,606

2016 20,577 616 1,085 16 673 607 1,460 154 8,049 447 795 131 6,546

* Non-irrigated not reported 2012-2016

OUWUA General Agricultural Statistic
General Agricultural Statistics for the Orland Project

Acres in Crop
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ATTACHMENT E. ASSOCIATION RULES AND REGULATIONS 
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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.  Approximately 90 percent of the time precipitation fills the 
OUWUA reservoirs, East Park and Stony Gorge.  When available surface water supplies are insufficient 
to provide three acre-feet per acre to each Orland Unit shareholder, the Association Bylaws dictate that an 
allocation be put in place.  The allocation is calculated by dividing the total available water supply by the 
area in acres that has paid the base parcel charge.  For example, in 2014 the allocation was calculated to 
be two acre-feet per acre. 

In response to the Governor’s Executive Order, OUWUA has developed a detailed description of existing 
policies and extraordinary actions undertaken in response to drought conditions.  This DMP supplements 
OUWUA’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).  OUWUA’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 OUWUA’s water 
management across the full range of hydrologic conditions experienced, including drought. To inform 
decisions related to available water supply, OUWUA actively evaluates water supply conditions in East 
Park and Stony Gorge Reservoirs.  OUWUA’s surface water supply depends primarily on storage in East 
Park and Stony Gorge Reservoirs  

DROUGHT RESPONSES 

This section describes actions and activities undertaken by OUWUA to address surface water shortage 
and incorporates the shortage allocation policies described in Section 3.11 of the Association’s AWMP, 
coordination and collaboration, supply management, and demand management.  

Declaration of Water Shortage and Shortage Allocation Policies 

As previously discussed, the Association Bylaw states that, when water available to the Association falls 
below three acre-feet per acre, a water shortage will be declared and an allocation will be implemented. 

When necessary, allocations are determined prior to the irrigation season based on the amount of 
available supplies and total irrigated area. Each shareholder’s allocation will be determined based on the 
area within the OUWUA boundaries for which the shareholder has paid the base parcel charge. 

Coordination and Collaboration 

The Association collaborates with the USACE to increase the number of changes to Black Butte Dam 
releases during drought years from two per day to three per day.  They also coordinate with the USBR on 
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the timing of moving water from the OUWUA reservoirs to Black Butte Lake to minimize transit and 
evaporative losses.   

Supply Management 

The OUWUA reservoir capacity is not adequate to provide regular planned carry over storage.  The 
operation of the three reservoirs is intended to reserve as much water as possible in the upper reservoirs as 
the higher elevation reservoirs are more difficult to fill than the lower reservoirs.  Black Butte, as 
authorized for flood control purposes, is planned for evacuation to accommodate flashy winter runoff.  
Additionally, as described in the previous paragraph, OUWUA coordinates with Reclamation on the 
timing of the water movement from the OUWUA reservoirs to Black Butte Lake to minimize transit and 
evaporative losses.  

At the end of each year, the Manager prepares an annual report for the annual Shareholder’s meeting.  
Along with recapping the just completed year, the report provides shareholders with the water supply 
outlook for the upcoming irrigation season.  This is the time when OUWUA and growers begin 
preparation when the water supply outlook indicates that the water supply for the upcoming year is likely 
to be limited.  An example of the Manager’s report from 2015 is included as Attachment H.1. 

Extraordinary Operational Measures  
To offset the consequences of the current drought, the Association developed a forecasting spreadsheet 
model to determine the optimum rotation schedule to extend the season as long as possible.  The rotation 
schedule started, and remained, as a 14-day rotation with 2 days off throughout the irrigation season.  
Lateral delivery schedules were modified to reduce high frequency changes at lateral headings to reduce 
lateral spillage.  The ditch tenders were provided information on the each customer’s remaining allocation 
to ensure that users did not use more water than they were allocated.  Lists of remaining allocations were 
updated after each rotation during the 2-day shutdown period while the supplies in the reservoirs were 
evaluated to determine the extent to which deliveries would occur.  In addition, fines for exceeding the 
water allocation or for theft of water were increased from $100 per acre-foot for the first offense to $500 
per acre-foot for the first offense and $1000 per acre-foot for subsequent offenses.   

Supply Augmentation 
Due to the high-water supply reliability of the Orland Project, OUWUA has not historically considered 
the potential of importing water from others.  In prior droughts, the Association has sold water to nearby 
districts that were water short.  Based on the historical record it is highly unlikely that additional supplies 
would be available for import if the Association 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.   

The Association does not own any wells for augmenting supply with groundwater.  The only source of 
recycled water is not at a location within the Association where it is feasible to utilize the water for 
irrigation and Reclamation will not allow recycled water in the canals and laterals.   

Demand Management 

OUWUA encourages on-farm water conservation to reduce demand on an ongoing basis primarily 
through an annual letter to shareholders and “robotalker” calls to shareholders at strategic times during 
the growing season.  In their 2014 irrigation season letter to shareholders (Attachment H.2), the 
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Association recommends the following conservation measures also described in the Association’s Bylaws 
Rules and Regulations. 

 Do not flood land to an unreasonable depth. 

 Do not allow tailwater to leave the irrigated field. 

 Promptly notify the next-in-line user, or your ditchrider if so instructed, in advance of passing the 
head of water. 

 Keep delivery ditches clean and free of weeds and obstructions. 

 Insure that your gates are completely closed when not taking irrigation water. 

The newsletter also suggested the following on-farm water management strategies during the 2014 
drought year when allocation was insufficient to meet most crop water demands. 

For Pasture: 

 Irrigate until water allocation is utilized, then sell the grazing livestock or buy feed. 

 Fallow a portion of the pasture.  This may be accomplished by limiting hours per irrigation set 
which will essentially dry up the lower end of the pasture. 

 Alternate or skip irrigations during cool periods. 

Orchards: 

 Alternate or skip irrigation deliveries. 

 Alternate rows from irrigation to irrigation. 

 Try to avoid irrigating the area between tree rows, but rather, put small furrows next to the tree 
row. 

Silage and field crops: 

 Fallow a portion of the field. 

 Skip irrigations during cooler periods. 

OUWUA uses a Robotalker to disseminate information about the OUWUA irrigation season and water 
supply situation.  In OUWUA’s critically water short 2014 irrigation season, three robocalls were made 
on March 10, April 18 and September 30.  The scripts for these calls are included in Attachment H.3.   

In critically dry years, OUWUA also allows growers to apply to use the OUWUA distribution system to 
move groundwater from one parcel to another.  The application is included as Attachment H.4.  
Additionally, shareholders needing additional water may contact other shareholders to negotiate a transfer 
of their water.  A list of those shareholders that typically do not irrigate, and may have water available for 
transfer, is made available at the Association’s office.  Financial arrangements for private water transfer 
are handled between the shareholders. 
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WATER SHORTAGE IMPACTS 

Supplier Revenues and Expenses 

During water short years, more past due bills are paid by water users so they are able to use or sell their 
allocation of water. This additional revenue from past due bill payments is offset reduced revenue from 
water sales. The Association schedules shut downs of the canal system every other weekend and shortens 
rotation when customers reach their allocations thus limiting working hours for ditchriders decreasing 
operational expenses. 

Impacts on Water Supplies 

To illustrate actions by OUWUA and its customers to manage available water supplies during drought, 
water supplies for 2013 to 2016 (contingent on availability of data) are summarized.  The 2013 calendar 
year represents a normal supply year with full surface water entitlement.  All sources of supply are 
summarized, to the extent available at the time of preparation of this DMP. 

Association surface water deliveries into the distribution canals from Stony Creek were about 30,100 
acre-feet less in 2014, 9,400 acre-feet less in 2015 and 24,300 acre-feet less in 2016 compared to 2013 
(Figure H.1) As noted earlier, due to limited water supplies, OUWUA set a two acre-feet per acre 
allotment in 2014.  Water supplies in 2015 and 2016, though less than 2013, were adequate in those years 
and no allocation was set.  The low water supply in 2014 was due to the extremely low winter 
precipitation that year that was insufficient to fill the OUWUA reservoirs.   

Private pumping is estimated within the context of the water balance to be between 1,000 and 9,000 acre-
feet.  Water balance results indicate that private pumping increases in drought years. 
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Figure H.1.  Monthly cumulative total supply from 2013 to2016. 

Demand Impacts 

To illustrate water demands in OUWUA during drought, water demands for 2013 to 2016 are 
summarized, to the extent available. Due to OUWUA’s exceptional water supply reliability, only 2014 
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had a reduced surface water allocation.  Demand is characterized based on the total water (from all 
sources) delivered to OUWUA 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, and 
private groundwater pumping were about 22,500 acre-feet less in 2014 compared to 2013 (Figure H.2).   

Daily cumulative ETo in the OUWUA agricultural service area was nearly the same in all four years as 
represented by spatial CIMIS at the former location of the Orland CIMIS station (discontinued in 2009) 
(Figure H.3). 

 

 

Figure H.2.  Monthly cumulative total deliveries (including private pumping) to irrigated lands from 
2013 and 2016  
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Figure H.3.  Daily cumulative ETo for 2013 to 2015 from spatial CIMIS at the former location of the 
Orland CIMIS station. 

 
ET of applied water follows the same trend as reference ET, but was about 6,800 acre-feet less in 2014, 
4,400 acre feet less in 2015 and 11,800 acre feet less in 2016 than it was in 2013 (Figure H.4). March and 
April ETaw is lower in 2014 to 2016 than it was in 2013, as would be expected with the lower deliveries 
observed in March and April these years compared to 2013.  The difference in cumulative total is most 
likely due to decreases in cropped area as ETo is very similar between years. 

 

Figure H.4.  Monthly cumulative crop ETaw for 2013 to 2016. 
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ATTACHMENTS 

Attachment H.1. 2015 Manager’s Report 

Attachment H.2. Letters to Shareholders  

Attachment H.3. Robotalker Scripts from March 10, April 18 and September 30, 2014 

Attachment H.4. Groundwater Transportation Application 
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Attachment H.1. 2015 Manager’s Report 
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Attachment H.2. Letters to Shareholders  



April 21, 2014 

�rlanb 0011it Water OOri'ers' �ssoriation 

828 EIGHTH STREET 

ORLAND, CALJFORNJA 95963 

PHONE: (530) 865-4126 I FAX: (530) 865-763 I 

RE: 2014 Irrigation Season-Water Allocation, Start-up and Preparation 

Dear Shareholder: 

The 2014 irrigation season is scheduled to commence on Thursday, April 24, 2014. Due to the dry 
conditions recently experienced, there is a limited supply of water available for this irrigation season and 
it will be allocated on a per-acre basis. The allocation is currently projected at 2.0 acre-feet per acre. 
Although this allocation is subject to change and may be revised as conditions allow, it is highly unlikely 
that more water will become available. Stated differently, there is insufficient water to meet the 
normal crop needs of the Project. It is, therefore, imperative that conservation measures be strictly 
adhered to, and that you plan your usage according to your allotted water. We plan to deliver the existing 
supply in 14-day intervals beginning on April 24, 2014. These irrigation deliveries will initially occur 
within the first 12 days of every 14-day interval so long as water supplies will support; then within shorter 
periods, as irrigators run out of water and fall out of the rotation. At this time, we project to run out of 
water and cease all irrigation deliveries in early-September. However; we will be evaluating our supplies 
as the season progresses and will provide periodic updates as changes occur. 

Shareholders needing additional water may contact other shareholders to negotiate the transfer of their 
water. A list of those shareholders that typically do not irrigate, and may have water available for 
transfer, can be picked up at the Association office. Additionally, there may be some landowners that 
have well water available to their land and may be willing to transfer a portion of their Project water. 
Please note that in order to transfer water, a transfer form that specifies the acre feet transferred and the 
party to whom the water is being transferred, must be signed by the transferring landowner and submitted 
to the Project office. Financial arrangements for private water transfers will be handled between 
shareholders outside of the Project office. 

Water Management Strategies-While we cannot provide specific advice on how to utilize your 
allocated water, we can suggest ideas and alternatives to consider. 

Pastures in the Orland Project typically average 4.6 acre-feet per acre during a normal irrigation season. 
The current allocation provides less than half of this estimated crop need. Alternatives include: 

• Irrigate continuously until running out of water, then sell the grazing livestock or buy feed.
• Fallow a portion of the pasture. This may be accomplished by limiting your hours per irrigation

set which will essentially dry up the lower end of the pasture.
• Alternate or skip irrigations during cool periods.

Jlnrorpor,1trtJ ftl.irch 27, 1007 
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Attachment H.3. Robotalker Scripts from March 10, April 18 and September 30, 2014 
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Attachment H.4. Groundwater Transportation Application 
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