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control, level control, or gate position.  This flexibility is essential in order to meet 
current and future demands.  
 
While all the options could achieve the current or future demands, it is the ability to meet 
both current and future needs without unreasonable burdens, financial or otherwise that is 
most important.  For example, the District has a particular Lateral Service Area in which 
the current irrigated acreage is approximately 5,000 acres.  During the 20-year planning 
horizon the District anticipates that the irrigated acreage in this particular service area 
will increase by 3,500 acres, a 75 percent increase.  Consequently, the flow required to 
meet peak daily evapotranspiration is significantly greater than the current demand.  If 
the District were to select a long crested weir for level control, with its inherent fixed 
crest elevation, what is the effect on weir length given the two operating scenarios?  A 
longer weir length under reduced flow conditions makes flow control difficult at the 
canal headings due to the narrow operating range in the upstream pool.  The advantage of 
a drop leaf gate in this scenario is that there is no fixed crest elevation and the gate can be 
sized for both current and future demand.  It is for this flexibility that drop leaf gates are 
preferable.  However, flexibility must always be balanced with affordability.   
 
For Oakdale Irrigation District, like many other irrigation and water districts in the 
central valley of California, the locations of these diversion structures are often remote 
and acquisition of a reliable power source to energize a modernization project can be 
financially unreasonable.  Based on unfavorable District experience, DC power for motor 
actuated slide gates was not a desirable option.  With the high cost to bring power to 
these remote sites and bad experiences with battery powered slide gates, the District was 
looking for an affordable alternative and the drop leaf gate provided such an alternative. 
       

MODERNIZATION IMPLEMENTATION 
 
Once the District had settled on the drop leaf gate configuration, selection of a 
manufacturer and specific product needed to occur.  The District evaluated the few 
established products available in the market and selected the Rubicon FlumeGate as the 
most appropriate for installation.  One of the primary reasons for the selection of the 
FlumeGate was that the product was a turnkey package.  Essentially the gates could be 
dropped into place and functional within a few hours.  This is especially true given that 
the gates are supplied with solar panels; making the remote location power issue null.  An 
example of the modernization efforts are depicted in the before and after photographs 
from a recently completed project as shown in Figures 3 and 4 below. 
 



 Modernization Improvements at Oakdale Irrigation District 311 

 

 
Figure 3.  OID Diversion Structure Pre-Modernization 

 
 

 
Figure 4.  OID Diversion Structure - Post Rubicon Gate Installation 
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Moreover, the Rubicon gates are Supervisory Control and Data Acquisition (SCADA) 
ready for a variety of protocols.  Prior to selecting the Rubicon gates, the District had just 
recently upgraded the Human Machine Interface package to Control Microsystems 
ClearSCADA and it was important to ensure that the Drop Leaf Gate that was selected 
would be capable of working in the modbus environment.  Rubicon’s predominant 
protocol is MDLC, however Rubicon was able to supply the modbus drivers and the 
integration into the District’s SCADA system was nearly seamless.  The District 
continues to find small edits that are necessary in the program; however the edits have 
been cosmetic and not functional issues.    
 
To date the District has installed 18 Rubicon gates with plans for an additional 20 sites to 
be installed over the next five years.  The District has had great success thus far with the 
Rubicon gate configuration and additional benefits have been realized that were not 
anticipated.  For example, the District utilizes an aquatic herbicide to control vegetation 
growth in the canals.  The District must ensure that while the herbicide is being used that 
none of the treated water is discharged outside the intended treatment area.  Having the 
ability/flexibility to operate the Rubicon gates in a variety of modes such as flow control 
or upstream level control makes the herbicide applications easier to manage.  Moreover, 
the ability to accurately measure the flow rates during these applications allows the 
District to reduce cost by applying the herbicide in exact concentrations dependent upon 
the stage of vegetative growth.  As stated previously, this type of flexibility is vitally 
important for the District to maintain into the future.  Agricultural and economic market 
conditions are highly variable and the District aims to build in the needed flexibility to 
meet the needs of a dynamic customer base.     
 

CONCLUSION 
 
In conclusion, the District spent a lot of time identifying potential alternatives that would 
meet the needs of the District.  The District believes that the selection of the Rubicon gate 
has served well so far.  However, there are some unknowns still looming, specifically 
long term maintenance and gate longevity.  The success of the modernization effort 
cannot be determined yet.  One of the outlaying issues is.  With that said, the District has 
been very satisfied with the gate operations and the customer support provided by the 
manufacturer.  The District is hopeful and confident that in time the modernization efforts 
will be deemed a success.      
 

REFERENCES 
 
OID Water Resource Plan, November 2005. 
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IDENTIFYING OPPORTUNITIES FOR DISTRICT-WIDE WATER SAVINGS  
USING REMOTE SENSING TECHNOLOGY 
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ABSTRACT 

Irrigated agriculture is the largest water user in New Mexico; in southern New Mexico’s 
Lower Rio Grande region, agriculture uses about one million acre-feet of water each 
year. Previous research has estimated that the average irrigation efficiency in the area is 
44%.  This relatively low aggregate efficiency indicates a large potential for water 
savings from agriculture. In order to determine the potential water savings, the amount of 
water depleted by crop evapotranspiration (ET) in the Mesilla Valley section of the EBID 
was estimated using satellite information and ground-level measurements to calculate 
plant consumptive water use on scales ranging from individual farms to the larger 
watershed. 
 
Two areas of potential water savings were evaluated using the satellite-generated 
consumptive use information: 1) potential water saving at the farm level and 2) potential 
water saving at the district level.  
 
This study found that the majority of farms in the study region were growing crops under 
deficit irrigation conditions. Therefore, irrigation improvements at the farm-level are 
likely to increase both yields and water depletion.   
 
Potential water savings at the district level were evaluated by comparing the total volume 
of water diverted for irrigation versus aggregate ET.  From the satellite-generated ET 
data, district-level efficiency was determined to be 55% in 2002 (a full allocation year).  
Thus, there appears to be a potential for improving district-level efficiency. This can be 
accomplished by using regional ET depletion values to plan water releases from the 
reservoir and improve the diversion and distribution within the canal networks. 
 
 

                                                 
1 Professor, Civil Engineering, New Mexico State University, Las Cruces, NM 88003 USA. 
zsamani@nmsu.edu. 
2Associate Professor, Civil Engineering, New Mexico State University, Las Cruces, NM  88003 USA. 
abawazir@nmsu.edu. 
3 Science Specialist, Entomology, Plant Pathology, and Weed Science, New Mexico State University, Las 
Cruces, NM  88003 USA.  mbleiwei@nmsu.edu. 
4 Professor, Agricultural Economics & Agricultural Business, New Mexico State University, Las Cruces, 
NM  88003  USA. rskaggs@nmsu.edu 
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INTRODUCTION 
 
Irrigated agriculture is the largest water user in New Mexico and is responsible for 90% 
of depletion. In southern New Mexico’s Lower Rio Grande region, about one million 
acre-feet of water are used for agriculture each year. Previous research has estimated the 
average district-wide irrigation efficiency in the Elephant Butte Irrigation District to be 
44% (Magallanez and Samani 2001).  This relatively low district-wide efficiency appears 
to indicate a large potential for water savings from agriculture. The conventional wisdom 
in the study region and in many other irrigated areas is that reduced consumptive use by 
agriculture through investments in on-farm technology and changes in on-farm water 
management practices will increase system-wide efficiencies and result in large quantities 
of water available to other users (e.g., municipal, industrial, environmental, etc).  In order 
to determine the amount of potential water savings by agricultural water users, the 
amount of water depleted by crop evapotranspiration (ET) must first be estimated.  ET is 
the true depletion from the hydrologic system which cannot be reused (other than a small 
amount which is returned in the form of precipitation).  Any water applied to crops but 
not depleted has the potential to be recycled, reused, or transferred to other users 
(although quality factors, timing issues, and spatial limitations may reduce the potential). 
 
Various methods have been developed for estimating ET, including the popular use of 
crop coefficients and climatic parameters.  One commonly used method of assessing ET 
is the eddy covariance technique, which estimates real time ET in the field.  Estimates of 
ET also can be made through soil moisture monitoring or lysimeters.  While these 
methods can provide point measurements of ET, they cannot cost-effectively account for 
broad-scale, field-level spatial variability of ET under real-world growing conditions.  
However, due to recent advances in remote sensing technology, basin-wide, field-level 
ET accounting is now both technically and financially feasible.  Remote sensing has 
made it possible to combine ground measurement of ET with remotely-sensed satellite 
data and ground level climatological data to arrive at regional ET values.  This 
combination of ground-level and remotely-sensed data provides the most advanced and 
cost-effective approach to estimating ET over large areas with non-uniform, field-level 
crop production conditions. As a result of remote sensing, it is now possible to 
comprehensively assess basin-wide depletion as a result of crop production.  Remotely-
sensed information on crop coefficients and crop consumptive use can be used to increase 
water management efficiency, enhance water conservation, and increase water use 
accountability.   
 

METHODOLOGY 
 
A remote sensing technology, the Regional Evapotranspiration Estimation Model or 
REEM, developed at New Mexico State University (Samani et al. 2005, 2006, 2007) was 
used in combination with ground measurements to determine daily ET depletion by 
agriculture in the Mesilla Valley section of southern New Mexico’s Elephant Butte 
Irrigation District. LandSat images for 2002 (12 images) and 2003 (10 images) were 
processed to develop ET and crop coefficient (Kc) maps for the Mesilla Valley. The 
years 2002 and 2003 were selected because 2002 was a typical full allotment year where 
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the farmers received three acre-ft per acre per year of water and 2003 was a dry year 
where the farmers received only nine inches of surface water. REEM results led to the 
development of daily ET maps for agricultural crops and estimation of potential water 
savings at both the farm and district levels. 
 
The REEM model was validated on a daily basis using actual measurements of ET from 
data collected by eddy covariance flux towers located in a pecan field in the Mesilla 
Valley (latitude 32.18 N and longitude 106.74 W; elevation above sea level 1,144 m). 
Using satellite images from clear days, maps of ET and Kc were generated. The 2002 and 
2003 comparisons of measured and REEM-predicted ET for a mature pecan orchard are 
shown in figure 1 and figure 2.  REEM was also used to predict daily ET by alfalfa, 
cotton, and other minor crops.  Pecans, alfalfa, and cotton account for approximately 75-
80% of the irrigated acreage in the study region.   

 
Figure 1.  Comparison of daily measured and predicted pecan ET for 2002. 
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Figure 2.  Comparison of daily measured and predicted pecan ET for 2003. 

 
Daily maps of ET were then integrated to develop monthly and yearly values of ET for 
each field in the study region. Figure 3 and figure 4 show annual ET maps for 2002 and 
2003. The ET values were calculated for each pixel 30 m by 30 m (98 x 98 ft) pixel.  
Individual fields were delineated using the 2005 DOQQ (Digital Orthophoto Quarter 
Quadrangle) maps and superimposed on the ET maps. Average ET for each delineated 
field was calculated by summing up the individual volumetric water use for each pixel 
and dividing it by the area of each field.  The final satellite-generated consumptive use 
results were used to evaluate two areas of potential water savings: 1) potential water 
saving at the farm level and 2) potential water saving on the district level.  
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Figure 3. Annual ET for 2002, Mesilla Valley, NM. 
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ORLAND UNIT WATER USERS ASSOCIATION REGULATING RESERVOIR, 
AN EXAMPLE OF VERIFICATION-BASED MODERNIZATION PLANNING 

 
Bryan Thoreson1 

Rick Massa2 
 

ABSTRACT 
 

The Orland Unit Water Users Association (OUWUA or Association) desires to 
modernize its delivery system to increase delivery flexibility and conveyance efficiency.  
The Association recognizes the need to improve the level of service and increase water 
supply reliability to reduce the incidence of growers converting to groundwater.  
Regulating reservoirs are an important part of the Association’s modernization plans, and 
once constructed, will provide the benefit of reducing system losses.  Combined with the 
Association’s current conjunctive water management plans, regulating reservoirs may 
enhance water supplies available for regional initiatives. 
 
This paper describes the results of a Feasibility Investigation conducted to develop firm 
estimates of the benefits of the regulating reservoir, near-final designs, specifications and 
costs.  Verification-based modernization planning, a technique that fuses traditional 
facilities planning with water conservation verification procedures, was applied to 
develop estimates of the expected benefits in the context of a water balance with and 
without the project. 
 

INTRODUCTION 
 
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 re-
regulating points are either regulating reservoirs or discharge points to the Tehama-
Colusa Canal (TCC) where OUWUA receives credit to offset its Stony Creek diversions3.   
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, 
                                                 
1 Principal Engineer, Davids Engineering, Inc. 1772 Picasso Ave, Suite A, Davis, CA 95618, 530-757-6107 
ext.15; bryant@de-water.com. 
2 Project Manager, Orland Water Users Association, 828 Eighth Street, Orland, CA  95963, 530-865-4126; 
rmassa@ouwua.net,  
3 Upon completion of Black Butte Reservoir in 1964, the United States and the Orland Unit Water Users’ 
Association entered into a contract providing for the exchange of water.  In present Black Butte water 
accounting, OUWUA discharges into the TC Canal are credited against (CVP) supplies diverted from 
Black Butte Reservoir. 
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Figure 3.  Operations Benefit Zones in Beat 2 
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WATER CONSERVATION ESTIMATE 
 
The verification-based modernization planning process estimates water savings by preparing a 
water balance for the area within which canal operations and delivery flexibility would be 
enhanced by the reservoir. This area, or “benefit zone” was defined earlier as all of Beat 2.  The 
water balance diagram for Beat 2 is presented in Figure 4. The water balance was prepared for 
the 2006 irrigation season, which ran from early May through late October, and computes flows 
on a monthly time step. The water balance results are tabulated in Tables 3 and 4. 
 
Based on the water balance, selected flow paths are targeted for conservation.  These flow paths, 
in decreasing order of priority, are measured flows at Beck’s Spill (location where spillage from 
Beat 2 is measured), unmeasured spillage to irrigated lands and tailwater from irrigated lands.  
With the project, water that would have either spilled through Beck’s spill or to irrigated lands 
would be stored in the proposed regulating reservoir. In addition, growers would be able to 
reduce tailwater by shutting off delivery when irrigation is complete, with the remaining unused 
water being conveyed to, and stored in, the reservoir.  
 
The total spillage volumes for the 2005 and 2006 irrigation seasons at Beck’s Spill were 2,900 
and 2,600 acre-feet, respectively. Verification-based planning requires estimating the changes to 
the targeted flow paths.  The 2006 pre-project record was considered representative of future 
spillage magnitudes if the project is not constructed, and thus assumed to be the without-project 
spillage volume. With-project spillage volumes were estimated using a spreadsheet model to 
simulate reservoir operations on a 15-minute time-step, based on the operations procedures 
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Figure 4.  OUWUA Beat 2 Water Balance Schematic 
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INFRASTRUCTURE INVENTORY AND GIS MAPPING FOR CANAL 
IRRIGATION DELIVERY SYSTEMS 

 
Richard L. Belt1 

Stephen W. Smith2 
 

ABSTRACT 
 
A comprehensive inventory of canal infrastructure and subsequent mapping is critical to 
respond to challenges facing irrigation companies and districts.  This seems self-evident 
and obvious, but this information is seldom gathered and maintained because present-day 
irrigation entities are tasked with operation and maintenance of canal infrastructure that 
can be over one hundred years old.  Typically, there are significant financial constraints 
and companies operate in a “crisis management” mode, where only the most pressing 
needs are addressed as they arise. 
 
Modern irrigation in the western United States is facing many new challenges, ranging 
from water conservation and environmental considerations to urbanization within the 
system service areas.  Additionally, recent drought conditions, the rising costs of labor 
and fuel, and the reduction in cost of canal technology have prompted many irrigation 
districts and companies to consider canal modernization.  Accurate infrastructure 
mapping and implementation of geographic information system (GIS) technology is the 
first step in developing a comprehensive approach to these challenges.  Mapping efforts 
are enhanced through the use of GIS and global positioning system (GPS) technology 
combined with hand-held computing.   
 
The GIS and infrastructure mapping supports the efforts to address these challenges, 
through identification of critical structures, priority improvements, and support of 
desktop analysis, modeling, and planning.  The GIS can also be further enhanced through 
the development of tools to streamline operations and integrate with other systems, such 
as data management, water ordering and billing, and institutional planning. 
 

INTRODUCTION AND BACKGROUND 
 
Agricultural irrigation in the western United States was characterized by the development 
of storage reservoirs and canal systems for conveyance and distribution beginning at least 
150 years ago.  Today irrigation systems in the western United States range from 
individual irrigators irrigating several hundred acres to the Imperial Irrigation District 
which serves approximately 450,000 acres in southeastern California.   
 
Today, irrigation companies and districts are faced with a number of challenges driven by 
both internal and external forces.  Irrigation infrastructure in use today is often past its 

                                            
1Richard L. Belt, Project Manager, Aqua Engineering, Inc., 4803 Innovation Drive, Fort Collins, 
Colorado,rbelt@aquaengr.com 
2Stephen Smith, Chairman, Aqua Engineering, Inc., 4803 Innovation Drive, Fort Collins, Colorado, 
swsmith@aquaengr.com 
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useful lifespan, contributing to system-wide inefficiencies in the use of both water and 
human resources.  Irrigation systems have evolved throughout their history to meet the 
demands of their water users and, often, little effort was made to keep accurate mapping 
of minor or abandoned structures.  Historic irrigation infrastructure is “lost” as a result of 
lost institutional memory and can exacerbate system inefficiencies through uncontrolled 
leakage and seepage. 
 
External forces, such as urbanization and increasing pressure to conserve water for 
environmental, municipal, and industrial uses, further challenge historic irrigation 
practices and water use by irrigation entities.  The West is home to most of the nation’s 
fastest growing states and cities.  Often, people in these communities are new to or 
detached from an area’s agricultural and irrigation traditions, leading to increased 
scrutiny of irrigation practices and conflict.  Conflicts between agriculture and 
environmental concerns have led to several well-publicized regional crises.  The unique 
character of irrigation systems throughout the West further complicates these issues.  A 
patchwork of state laws, customs, and historic operations combined with the unique 
geography and regional agricultural demands has led to the development of irrigation 
systems in all shapes, sizes, and operational complexity.  One size does not fit all! 
 
On top of it all, irrigation entities struggle with the cost of addressing and adapting to 
these pressures.  Agricultural producers are often unable to afford the higher assessments 
necessary to address the myriad pressures facing their irrigation water provider.  Many 
entities operate in a continual crisis management mode and are only able to respond to 
their most dire needs, while others continue to make interim improvements to their 
system, foregoing the high costs of meeting their true rehabilitation needs. 
 
To adequately address these challenges, irrigation entities must have detailed 
understanding of their irrigation infrastructure, water rights, on-farm irrigation systems, 
cropping patterns and water use, return flows, land-use plans of the neighboring (and 
encroaching) urban areas, easements, rights-of-way, construction activities of local 
government and commercial entities, local environmental issues, stormwater, and liability 
due to flooding and injury, and myriad other issues.  Further staff burdens result from 
addressing the needs, concerns, and requests for information from irrigators under the 
system, local governments, environmental groups, homeowners groups, realtors, 
developers, etc.  These issues are much the same as are faced by local utilities, but 
irrigation entities often have significantly less budget, staff, or in-house expertise in these 
matters. 
 
These pressures and the availability and decreasing cost of technology have begun to 
allow irrigation entities to implement much needed improvements which help confront 
some of these challenges.  New lining and piping technologies, structures with gates 
actuated using supervisory control and data acquisition (SCADA) technology, and the 
ability to inexpensively and accurately measure flow and alert personnel to alarm 
conditions have begun to allow irrigation entities to address some of the external 
pressures that they face.  The reduction in cost of personal computers and software has 
also made it affordable to implement geographic information systems (GIS) for irrigation 
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entities.  GIS, and the associated data-gathering efforts, is the first step to planning a 
comprehensive response to the issues challenging an irrigation entity.  
 

GEOGRAPHIC INFORMATION SYSTEMS 
 
Geographic information systems are a powerful software tool used to store, analyze, 
manage, and display geographically-referenced data (ESRI, 2009).  GIS features a suite 
of customizable tools and applications which allows users to perform many types of 
analyses and display the results in a geographic context which is both easy to understand 
and communicate to others.  Most fully-featured GIS software includes powerful 
programming tools in addition to the mapping and database functionality, which allows 
the customization of GIS to a huge number of specific applications. 
 
Many irrigation entities do not have sufficient knowledge of their existing operations to 
begin to address the challenges cited previously.  Often, there is not an accurate, up-to-
date map of the irrigation system which depicts currently used infrastructure in the 
context of the service area and surroundings.  It is important that an irrigation entity 
understand basic GIS concepts, existing and potential future challenges to irrigation 
operations, and have a vision for what the future GIS tools and information may be used 
for under the system.  This understanding will help define the acquisition of data and 
drive the development of appropriate tools for use in analyzing and accessing the data.   
 
Development of a GIS for an irrigation entity involves several steps (Figure 1): 

1. Identification of appropriate GIS and mapping goals. 
2. Selection of a suitable software platform. 
3. Acquisition of publically-available data and mapping. 
4. Collection of relevant data about the system. 
5. Development of tools to use or access the data. 
6. Regular database maintenance and updates. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Development of GIS for Irrigation Applications 
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Identification of GIS and Mapping Goals 
 
The most critical step in the development of any GIS or mapping project is to adequately 
understand the goals that the effort is intended to address.  Common goals for the 
development of a GIS or irrigation system mapping may include: 

1. Aid for personnel training and succession planning. 
2. Support planning for rehabilitation or modernization efforts. 
3. Support system-wide water budget analysis to quantify consumptive use or return 

flow patterns. 
4. Managing urbanization within the system service area. 
5. Implementation of an infrastructure management system. 
6. Tool to educate irrigators or other members of the community about the irrigation 

system and its importance in the community. 
 
The goals identified will help to guide the rest of the process, in particular the data 
collection effort.  The data collection effort is the most time-consuming and expensive 
aspect of GIS implementation.  Detailed understanding of the goals and future uses of the 
GIS will focus on the critical data and ensure that the appropriate data are collected. 
 
Selection of a Suitable Software platform 
 
There are several GIS software packages currently on the market which may be suitable 
for use by irrigation entities.  GIS software is made available through two routes; 
proprietary software sold through license, or open source (non-commercial) software.  
Commercial software includes many of the well-known, widely-used GIS packages 
including ArcMAP and ArcINFO by the ESRI and Map3D by Autodesk.  There are a 
number of other commercial GIS software packages which may be appropriate to 
irrigation district applications.  This software ranges in price and capability, and is 
typically characterized by the need to purchase and maintain a license, as well as the 
availability of technical support and training in the use of the software.  The examples 
given in this paper were prepared using the ESRI ArcMAP software.  ESRI products are 
the industry-standard GIS software and are widely used.  
 
Open-source software is non-commercial software that is typically developed and 
distributed free or for a nominal charge.  This software is typically not licensed and can 
be downloaded from the internet.  GRASS, prepared by the U.S. Army Corps of 
Engineers, is a widely-used, high capability open-source GIS.  There are a number of 
other open-source GIS software packages which may be useful in these applications.  
This software typically includes a written manual, but typically does not include technical 
support or training. 
 
Acquisition of Publically-Available Data and Mapping 
 
There are many types of spatial data that may be relevant to the development of a suitable 
GIS for an irrigation entity.  These data may include: 

1. USGS quadrangles. 
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2. Aerial photography covering several years (USGS DOQQ imagery or NAIP 
imagery are widely available). 

3. Satellite Imagery (infrared and other bands may be useful in determining irrigated 
areas). 

4. Soils mapping by the NRCS. 
5. USGS Digital Elevation Models (DEM). 
6. TIGER (Topologically Integrated Geographic Encoding and Referencing) data 

collected by the U.S. Census Bureau which include roads, buildings, rivers, lakes, 
etc. 

7. Cropping patterns. 
8. Land-use mapping prepared by federal, state, or local agencies. 

 
These data and many others may be available through a variety of sources including 
federal, state, and local government agencies, GIS clearinghouse websites, and 
commercial websites.  Typically, these data are georeferenced to a known horizontal 
coordinate system and vertical datum (if applicable), which allows the GIS software to 
correctly locate the data in space and relative to other data that may have been acquired. 
 
Collection of Relevant Data about the System 
 
Collection of field data is typically the most critical and costly element in the 
development of a useful GIS for an irrigation entity.  As described above, irrigation 
system mapping, if it exists, may be out-of-date, generally insufficient for needs, and not 
reflective of current surrounding infrastructure, land uses, or irrigation system 
infrastructure.   Irrigation entities can benefit from a detailed knowledge of infrastructure 
on their canal systems, ranging from river diversion to farm turnout and including 
infrastructure (i.e. road crossings) that may be owned by third-parties. 
 
There are a variety of hand-held inventory-grade and survey-grade devices which 
facilitate these data gathering efforts.  Typically, these devices contain integrated global 
positioning system (GPS) capabilities which allow for the collection of coordinate and 
elevation data at desired locations.  Often, these devices also employ a mobile device-
based version of the GIS software (e.g. ArcPAD for ESRI-based systems) which allows 
for the development of the system GIS in the field.  Some software allows for the 
development of an input form or “questionnaire” which prompts field personnel to gather 
particular data about structures included in the survey and can include “pull down” 
menus to increase data collection speed and accuracy.  Additionally, inaccurate linework 
contained on the publically-available base mapping can often be corrected in the field by 
personnel observing the particular feature, resulting in highly-accurate mapping. 
 
Development of Tools to Use or Access the Data 
 
Once data has been collected and assembled, as described above, the GIS is ready for use 
(Figure 2).  Depending on the GIS goals, the standard query and analysis tools may be 
sufficient for the user’s needs.  These tools are often suitable to specific, Boolean queries 
(i.e. show me all structures in “poor” condition on the “Smith” lateral).  Other, more 
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A STUDY OF ADDITIONAL DRAINWATER REUSE FOR THE SUTTER BASIN 
 

Brett M. Isbell, P.E. 1 
 

ABSTRACT 
 

Farmers in the Sutter Basin, in the Sacramento Valley of California, do not have 
sufficient irrigation supply to meet crop needs during peak irrigation demand and during 
years with surface water allocation restrictions. To help meet these needs, Reclamation 
District 1500 examined the viability of expanding its existing drainwater reuse system.  
 
Drought and reduced surface water allocations, which are partly attributed to ever-more-
stringent environmental concerns and regulations, have markedly increased the hard-to-
quantify socioeconomic value of a reliable water supply. Basin farmers have a sense of 
urgency to establish a supplemental irrigation supply. Expanding the drainwater reuse 
system for a supplemental irrigation supply will increase water delivery reliability in the 
Sutter Basin. Approximately 68,000 irrigated acres and over 500 miles of surface 
drainage channels encompass the study area, where rice is the predominate crop. This 
study highlights the need to identify supplemental irrigation sources in the absence of 
extensive master planning data.  This study relied on stakeholder input to identify 
operational and management constraints and to develop specific evaluation criteria. 
Drainwater availability was inversely proportional to downstream irrigation demand in 
the Sutter Basin, which required special engineering consideration. The study found that 
drainwater quality concerns can be mitigated by (a) reusing drainwater upstream of the 
connate water zone, (b) blending drainwater with surface diversion water, and (c) 
implementing water quality monitoring program tailored to the recommended alternative. 
Two service-area-scale drainwater reuse alternatives are recommended to collectively 
provide up to 20,000 acre-feet of supplemental irrigation supply annually. Project 
implementation would help offset surface diversion shortages and increase water delivery 
reliability in the Sutter Basin. 

INTRODUCTION 

This study examines drainwater reuse in the Sutter Basin (Basin), which is located in the 
Sacramento Valley of California (see Figure 1). Approximately 68,000 irrigated acres 
and over 500 miles of surface drainage channels exist in the study area. The combination 
of natural topography and constructed levees in the study area requires that all excess 
surface water be collected and discharged from the Basin into natural waterways: this is 
managed by Reclamation District 1500 (RD 1500). 
 
Currently, Basin farmers do not have sufficient irrigation supply during peak irrigation 
demand and during years with surface water allocation restrictions. These shortages have 
worsened since 2004 when the annual full allocation for Sutter Mutual Water Company 
(SMWC), a Sacramento River Settlement Contractor, was reduced to 226,000 acre-feet. 
SMWC provides approximately 75 percent of surface irrigation water in the Basin 
                                                      
1 Associate Engineer, CH2M HILL, 2525 Airpark Drive, Redding, CA, 96001; bisbell@ch2m.com 
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depending on the water year. Furthermore, SMWC’s State Ranch Bend service area, 
which is isolated from other conveyance networks, consistently has water shortages 
where gross irrigation demand exceeds delivery capacity. Also, the Basin has what is 
commonly referred to as tailender problems: flexibility and reliability of irrigation 
deliveries are compromised toward the downstream end of irrigation laterals. All surface 
drainage water must be pumped out of the Basin. This can be costly. 
 
This study highlights the need to identify supplemental irrigation sources in the absence 
of extensive master planning data. The study did not include extensive data collection, 
nor was it a comprehensive appraisal of conveyance infrastructure; and the irrigation 
delivery system was not specifically assessed. Also, this study did not address reducing 
connate water inflows as discussed in previous reports (Cal Poly ITRC 1999 and 2000). 
This study addresses the need to expeditiously identify a supplemental water supply. 
 

 
Figure 1. Sutter Basin vicinity map 

EXISTING CONDITIONS 

Drainage Overview 

RD 1500 collects and manages drainwater from all land in the Basin. Drainwater is 
conveyed out at one location: the Karnak Pumping Plant at the southernmost end of the 
Basin. Drainwater either flows by gravity or is pumped out of the Basin at this location 
depending on the water levels in RD 1500’s main drain and the Sacramento River. 
Pumping of drainwater outflow is typically required during the irrigation season. Average 
Basin outflows are summarized in Figure 2. Drainwater outflow includes drainwater 
during the irrigation season, runoff during the rainy season, and groundwater flows into 
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some of the drains, particularly in the connate water zone as found in previous studies 
(U.C. Davis, 1970 and 1972).  
 
The main drain, which flows generally north to south, bisects the Basin. Drainwater is 
conveyed to the Karnak Pumping Plant via the main drain. An elaborate network of both 
drain laterals and sublaterals conveys drainwater to the main drain from both the east and 
west. A few row-crop fields in the Basin have tile drains to facilitate root zone drainage, 
but overall tile drains are not prevalent. Under special conditions farmers use private 
pumps to reuse drainwater from the RD 1500 drain network but the practice is not 
common. 
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Figure 2. Basin drainwater discharge, April through October (1991 – 2000). 

 
Water levels in drainage laterals are controlled using flashboard risers. Drainwater is 
checked up during the irrigation season to provide backwater hydraulic gradients for the 
existing drainwater recycling pumps. Even though high drainwater levels might reduce 
connate water inflow, drainwater levels should not be raised too high because the high 
water table can damage row and field crops. Once the flashboard checks are installed, 
they are seldom adjusted during the growing season. Checks are removed after the 
growing season to facilitate drainage and leaching of the root zone and maximize 
drainage capacity for flood control. 
 



366 Irrigation District Sustainability 

 

Table 1. Overview of Sutter Basin Water and Drainwater Entities. 
 SMWC PMWC Rimlanders RD 1500 

Service Area (acres) 51,200(a) 3,000(b) 13,800 68,000(c) 

Average Annual Surface 
Water Diversion(acre-feet) 200,562(d) 5,659(e) Not Available 154,896(f) 

Average Annual Drainwater 
Reuse Volumes (acre-feet) 15,000(g) 8,000(h) Not Available  

Rice Rice 
Grain Safflower 
Tomatoes Wheat/Barley 
Safflower Tomatoes 
Sunflower Wild Rice 

Crops(i) 

Other Other 

Not Available  

Notes: 
a. From SMWC records 
b. From PMWC records 
c. Source: "Reclamation District No. 1500 resource study" performed by the NRCS in 1996 
d. Average annual diversion of Sacramento River water for years 2000 through 2007 
e. Average annual diversion of Sacramento River water for years 2002 through 2007 
f. Average annual discharge of drainwater into the Sacramento River for the years of 1991 through 2000 
g. From "Reclamation District No. 1500 resource study" performed by the, NRCS in 1996 
h. Average annual drainwater recycled volume from PMWC records for years 2002 through 2007 
i. Prioritized by most acreage  

 

Irrigation Overview 

Two water companies serve the Basin: SMWC and Pelger Mutual Water Company 
(PMWC). Additionally, some farmers have independent irrigation water sources and are 
referred to as Rimlanders. The primary source of irrigation water in the Basin is the 
Sacramento River. Four main pumping plants and several smaller, private pumps 
discharge surface irrigation water into the Basin from the Sacramento River. 
Groundwater wells, particularly on the west side of the Basin, are used as needed during 
times of limited surface water supply. Table 1 summarizes the acreages and diversion 
data for water and drainwater entities in the Basin. 
 
Sutter Mutual Water Company. SMWC delivers water to approximately 51,200 acres. 
Three pumping plants on the Sacramento River serve three SMWC service areas. 
Average annual diversions are presented in Table 1. The Tisdale Pumping Plant 
discharges water to the Tisdale Canal with distribution to the West, East, and Central 
Canals and their laterals. This is the largest service area totaling 42,900 acres on both the 
west and east sides of the main drain. The State Ranch Bend Pumping Plant supplies 
water to the State Ranch Bend main canal and its laterals. This service area is 
approximately 5,700 acres. The Portuguese Bend Pumping Plant discharges water to the 
Portuguese Bend main canal and service area of 2,600 acres. Total diversions from the 
Sacramento River are summarized in Figure 3. On average, nearly 90 percent of 
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irrigation diversions occur from May through August. The greatest year-to-year 
variations in SMWC irrigation deliveries occur in May and June. 
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Figure 3. SMWC diversions (1991 through 2000). 

 
The State Ranch Bend service area requires special consideration because it consistently 
experiences irrigation demands that exceed the irrigation delivery capacity. The bottle-
neck is the State Ranch Bend pumping plant: it cannot pump enough water to meet peak 
irrigation demands. The State Ranch Bend conveyance infrastructure has capacity for 
additional flow, however. 
 
SMWC operates eight drainwater recycling pumps in the Basin. These recycling pumps 
convey drainwater directly into adjacent irrigation canals. Additionally, SMWC utilizes 
portable drainwater recycling pumps to relieve problem areas. Currently, the 
approximated volume of recycled drainwater is 15,000 to 36,000 acre-feet annually 
(NRCS, 1996 and SMWC records). 
 
Pelger Mutual Water Company.  PMWC delivers water to approximately 3,000 irrigated 
acres. A pumping plant on the Sacramento River discharges water to the PWMC water 
distribution system. PMWC operates six permanent and one portable drainwater recycle 
pumps. These recycle pumps convey drainwater directly into adjacent irrigation canals. 
Currently, the approximated volume of recycled drainwater is 5,400 to 10,000 acre-feet 
annually. 
 
Rimlanders. Rimlanders are individual land owners who pump their own irrigation water, 
primarily directly from the Sacramento River. They do not purchase surface irrigation 
water from a water purveyor. Water reuse specifically for Rimlanders was not evaluated 
in this study. However, drainwater from Rimlander’s fields that enters the drainage 
channel network is managed by RD 1500 and is therefore available for reuse. 
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Basin Characterization 

The Basin was divided into three sub-basins and average drainwater flow data were 
evaluated. The estimated average Basin-wide drainwater ratio during the irrigation season 
(May through August for years 1991 through 2000) was 250 acres per 1 cubic foot per 
second (cfs) drainwater. Drainwater flow measured at three locations on July 22, 2008 
verified this approximation. 
 
Cropping Patterns and Effects on Drainwater Availability. Rice has been the predominant 
crop in the Basin over the past several decades as listed in Table 1. Cropping patterns are 
subject to change, which can impact the timing surface drainage flow and drainwater 
availability. However, Figure 4 shows no direct correlation between total irrigation 
diversions and drainwater outflow, and no direct correlation between rice acreage and 
total drainwater outflow for the available data. Therefore, no service area drainwater flow 
adjustments were made as a result of cropping patterns. 
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Figure 4. Drainwater Outflow during the Irrigation Season compared to Irrigation 
Diversions and Rice Acreage. 

 
Drainwater Quality. The Basin water quality target for irrigation deliveries is 
750 milligrams per liter (mg/L) maximum total dissolved solids (TDS). Previous studies 
highlighted drainwater quality concerns for reuse, especially lower in the system (NRCS, 
1996; Tanji et al, 1975; Henderson et al, 1972). Limited reconnaissance-level water 
quality measurements in July 2008 indicated that drainwater is of sufficient quality for 
reuse, particularly if the drainwater source is upstream of the connate water zone and if 
drainwater is blended. Blending drainwater with water diverted from the Sacramento 
River further reduces the salinity.  
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Drainwater Reuse and Connectivity between Water Purveyors. Physical features of the 
Basin create connectivity between the operations of irrigation delivery systems and the 
drainage network. Examples of this connectivity follow: 
 
• All surface water runoff (both precipitation and irrigation origin) enters the RD 1500 

drainage system 

• Independent water users contribute drainwater to RD 1500 drainage channels 

• Drainwater levels affect growing conditions in adjacent fields 

• Some drains have bidirectional flow, depending on point-source magnitudes and 
flashboard riser check elevations 

These interdependencies influenced reuse categories and alternatives, which are 
discussed in the following section. 

ALTERNATIVE DEVELOPMENT AND EVALUATION 

Basin farmers have a sense of urgency to establish a supplemental irrigation supply.  
Although drainwater reuse in the Basin is not a new idea, and in fact it is currently 
practiced, limited data were available.  There were few data available on lateral 
drainwater flows, channel elevations and cross sections, and drainwater quality 
variability.  Stakeholder input and a logical approach to identifying drainwater reuse 
options were therefore critical in this study.  Drainwater reuse categories were identified 
initially, followed by more detailed alternatives.  In addition to field visits and staff 
interviews, collaborative ideas were shared during two stakeholder workshops. 
 
After initial data collection and research, drainwater reuse categories were developed and 
presented at a stakeholder workshop. The preferred drainwater reuse category was that of 
the service-area magnitude: that is, a drainwater reuse system of a magnitude that would 
convey drainwater from a source to multiple field groups for irrigation. This magnitude is 
smaller than a previously studied Basin-wide centralized pump-back system, which 
became infeasible and cost prohibitive. See the drainwater study by Laugenour and 
Meikle (1997) for more information on centralized pump-back system alternatives. At the 
same time, the preferred category is larger than localized drainwater reuse like the 
existing drainwater reuse systems where drainwater is pumped from the source directly to 
an adjacent field or canal. The evaluation criteria in the following subsection highlight 
considerations that may be pertinent to other drainwater reuse studies. 

Constraints and Evaluation Criteria 

At the north end of the Basin, there is ample downstream irrigation demand and elaborate 
conveyance infrastructure to make irrigation deliveries. Conversely, there is little 
drainwater available for reuse at the head of the irrigation system. The opposite is true at 
the southern end of the Basin where there is substantial drainwater available for reuse but 
a small amount of acreage and limited conveyance infrastructure. Balancing this 
inversely proportional relationship, which is illustrated in Figure 5, between drainwater 
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AGREEMENT FOR MAINTENANCE AND REPLACEMENT OF “CONDUIT” 
CROSSINGS WITHIN COUNTY RIGHTS-OF-WAY 

 
John B. Davids, P.E.1 

 
ABSTRACT 

 
Irrigation districts and other public agencies in California are often challenged when 
facility replacement and maintenance occurs within County rights of ways. Many districts 
operate under verbal agreements with counties, and when written agreements do exist, the 
terms of the agreements are not necessarily followed. 
 
In the case of Oakdale Irrigation District (OID), a Conduit Maintenance and Replacement 
Agreement (Agreement) was entered into with Stanislaus County in the 1980s when OID 
implemented major system improvements under a Bureau of Reclamation financed 
distribution system improvement program. Following completion of those improvements 
the agreement was essentially ignored resulting in system maintenance modifications that 
do not necessarily conform to the Agreement. 
 
In 2007, OID completed its Water Resources Plan (WRP), which maps out a new, 
comprehensive program of system modernization improvements that define OID’s major 
capital improvements for the next 25 years. Given the magnitude of the planned 
improvements, it became clear that OID needed to revisit its Agreement with Stanislaus 
County. 
 
This paper discusses OID objectives in seeking an updated Conduit Maintenance and 
Replacement Agreement with Stanislaus County (County). The legal basis for the 
Agreement under the California Water Code is briefly reviewed and the renewed 
Agreement is critiqued. Suggestions are offered for provisions that should be addressed 
in similar agreements pertaining to rights of way shared between local public agencies.  
 

INTRODUCTION AND BACKGROUND 
 

History and General Summary  
 
Oakdale Irrigation District (OID) is located in the northeast portion of the San Joaquin 
Valley, approximately 30 miles southeast of Stockton and 12 miles northeast of Modesto 
in both San Joaquin County and Stanislaus County. OID was organized in 1909 under the 
California Irrigation District Act by a majority of landowners in order to legally acquire 
and construct irrigation conveyance facilities for the distribution of irrigation water from 
the Stanislaus River. In 1910, OID and the neighboring South San Joaquin Irrigation 
District (SSJID) purchased Stanislaus River water rights and some existing conveyance 
facilities from previous water companies. Over the course of the next several decades, 
                                                            
1 District Engineer, Oakdale Irrigation District; 1205 East F Street; Oakdale, CA 95361; 209-840-5537; 
jdavids@oakdaleirrigation.com 
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OID continued to expand its conveyance facilities. In general, OID’s facilities, system 
operations, political organization and administration have not changed significantly since 
its creation in 1909. Nearly all conveyance facilities were constructed 50 years ago or 
more. OID currently maintains over 330 miles of open channels, pipelines and tunnels, 29 
production wells and 43 reclamation pumps to serve local constituents. OID currently 
serves 2,800 agricultural customers encompassing approximately 57,000 acres of 
irrigable land. Design flowrates range from approximately 400 cubic feet per second (cfs) 
in the main canals to approximately 10 cfs at the end of the conveyance system. OID also 
provides domestic water to approximately 700 constituents primarily located east of the 
City of Oakdale.  
 
Agriculture is the dominant land use in and surrounding OID, with pasture making up 
approximately half of OID’s irrigated area, or about 32,000 acres. The other half consists 
of orchards, corn and oats (typically double cropped), and urban land, in relatively equal 
fractions. In recent years, however, OID’s customers, land use and financial resources 
have developed in a direction that has influenced the way OID provides service and 
conducts business.  
 
Water Resources Plan   
 
In 2004, OID initiated development of a Water Resources Plan (WRP), setting forth an 
operational strategy for the next 25 years. The WRP is a tool to help OID achieve its 
goals of providing long-term protection of water rights; addressing federal, state and local 
water challenges; rebuilding/modernizing its outdated system to meet changing customer 
needs; developing affordable ways to finance improvements; and involving the public in 
the planning process. The WRP was comprised of 4 phases: (I) Perform detailed 
assessment and data collection; (II) Prepare programmatic CEQA document and finalize 
the WRP; (III) Develop Implementation Plan and (IV) Implement WRP (Engineering, 
Design and Construction).  

Figure 1. The Four Phases of the OID Water Resources Plan 
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In 2007, OID completed the WRP and is now proceeding with Phase IV implementation 
at an estimated cost of $169 million (2005 dollars). Major implementation components 
include lateral rehabilitation, improved flow control and measurement, installation of new 
ground water wells, facilities mapping, upgraded aquatic pesticide program, pipeline 
replacement, construction of a new north side reservoir, turnout replacement, outflow 
management projects, reclamation projects and main canal and tunnel improvement 
projects. Based on annual cost escalation of 3.5%, current costs are estimated to be 
around $190 million today.  
 
Existing Conduit Crossings 
 
OID has approximately 225 lateral conduit crossings (and additional drainage crossings) 
within the County. As noted above, many of these facilities were built 50 years ago or 
more and have reached the end of their designed lives. While several conduit crossings 
have been replaced since their original construction, Figures 2 and 3 shown herein are 
indicative of the condition of most existing conduit crossings within the County.  

 
 

Figure 2. OID North Main Canal Conduit Crossing at Sonora Road 
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Figure 3. OID Brichetto Lateral Conduit Crossing at Oakdale Waterford Highway 

 
Conduit crossings like the ones shown above are being replaced for a variety of reasons 
including proximity to the traveled path (motorist safety), safety concerns for OID Water 
Operations Staff associated with routine maintenance during the irrigation season, 
entrance conditions and existing structural integrity. These conduit crossings will be 
replaced as part of the Capital Improvement Plan set-forth in the WRP on an as-needed 
basis to be determined by either failure and/or replacement due to existing flow 
constraints. Replacement will occur gradually as part of overall system rehabilitation as 
monies become available. 
 
Purpose and Scope of Agreement      
 
Given the magnitude of the planned improvements as highlighted above, it has become 
clear that OID needs to review and update its existing Conduit Maintenance and 
Replacement Agreement (Agreement) with Stanislaus County. While OID lies within 
both San Joaquin County and Stanislaus County, an agreement was first drafted with 
Stanislaus County because it contains the majority of the OID service area. The existing 
Agreement with the County was executed in July of 1985 at the request of the County in 
anticipation of work to be performed as part of a distribution system improvement project 
financed through the Bureau of Reclamation under the provisions PL-984 loan program.  
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REVIEW AND ASSESSMENT OF EXISTING AGREEMENT 
 

The existing Agreement is comprised of the following eight provisions (please note that 
these conditions appear below in exactly the same format that they appear in the existing 
Agreement): 
 
1. County to furnish all signs and barricades. 

 
2. County to furnish aggregate base material or other appropriate backfill for deep pipes 

at the site of the work. 
 

3. Irrigation District to install pipe and backfill to surface of road. 
 

4. County to repave road. 
 

5. County/Irrigation District to share cost of pipe 50/50. 
 

6. County to be responsible for all work performed by same. 
 

7. Irrigation District to be responsible for all work performed by same. 
 

8. Cost share of pipe replacements is based entirely on only those pipes which are 
leaking and causing a potential liability problem and/or damaging the County Road. 
If they meet the above criteria, then whether they are replaced under your PL-984 
project or not would have no bearing on our participation. We would not participate 
on any pipeline replacement which is merely an upgrading of your facilities. Legally 
we are not able to use gas tax funds for such work. 

 
These provisions address the construction or improvement of conduit crossings and were 
intended to assign tasks associated with the replacement to that agency best suited to 
perform those functions, but they do not address the key issues of facility ownership, 
operation and maintenance, as provided for under the California Water Code. The 
objectives in updating the Agreement are to ensure that it is consistent with the California 
Water Code, comprehensive in scope, amenable to both OID and the County, and legally 
defensible. 

 
PERTINANT CALIFORNIA WATER CODE PROVISIONS 

 
Division 4, Section 3 of the California Water Code (2009) contains certain provisions 
pertaining to irrigation facilities. Three provisions are pertinent to the updated 
Agreement: 
 
A “conduit” is defined to include a canal, ditch, culvert, pipeline, flume, or other 
appliance for conducting water. 
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Section 7034, entitled, “Bridges maintained by county or state”, states the following: 
 

• Bridges or conduits heretofore or hereafter constructed in a permanent manner, 
whether by encroachment permit or otherwise, which cross county highways and 
which have been constructed or brought up to county standards, and have been 
accepted, either formally or informally by appropriate action, shall, after such 
acceptance, and regardless of who constructed them, be the sole responsibility of the 
county, so far as maintenance, repair, improvement for the benefit of the county, 
reconstruction or replacement of such bridges and conduits are concerned. If any such 
county highways become state highways, the State shall succeed to the foregoing 
obligations of the county.  

 
Section 7035, entitled, “Conduit crossing highway; presumption; repair, improvement or   
replacement”, states the following:  
 

• Whenever any conduit for conducting water crosses a highway and no written record 
exists showing that the highway rights-of-way existed prior to the conduit rights-of-
way, it shall be conclusively presumed that the conduit was in place and lawfully 
maintained prior to the highway and such conduit shall be repaired, improved for the 
benefit of the public agency having jurisdiction over such highway, and replaced, if 
necessary, by the public agency having jurisdiction over such highway, provided that 
usual acts of maintenance of the conduit, such as cleaning the conduit of dirt or silt, 
shall be performed by and at the expense of the person using the conduit. 

 
Section 7036, entitled, “Costs of locating, removing, repairing, relocating facilities on 
roads or other property”, states the following:  
 

• Any public district or private utility and any county may enter into a contract agreeing 
to pay and apportion between them the costs of locating, removing, repairing, or 
relocating any facilities owned or to be owned by either party on the roads or other 
property of the other in such proportion and upon such terms as the governing boards 
of the parties shall determine to be equitable.  

 
While the new Agreement will contain numerous conditions as shown below, these three 
sections from the California Water Code will be the legal basis for the new Agreement 
with the County and clearly define, ownership, maintenance responsibility and 
replacement responsibility.  
 

PROPOSED PROVISIONS OF THE UPDATED AGREEMENT 
 

OID has been in ongoing negotiations with the County for nearly two (2) years now  and 
OID intends to finalize the Agreement with the County in 2009.  The provisions outlined 
below have been identified by OID as those conditions deemed necessary for the 
Agreement, recognizing that final conditions will be shaped by negotiation between the 
parties. 
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Reference to California Water Code: Reference to the above noted applicable sections of 
the California Water Code should be made in the beginning of the Agreement as the basis 
for the Agreement. 

 
Encroachment Permits: Encroachment Permits are commonly required by agencies as a 
means of granting permission for encroachments within easements, rights-of-way or fee 
titled lands and often times there is a cost associated with obtaining said permit. It is 
important to note in this application that the conduit is owned by the agency having 
jurisdiction over the road as set-forth in the California Water Code and as such there is no 
need for an Encroachment Permit. 
 
Maintenance: It was determined that all facility maintenance of conduit crossing would 
be the responsibility of the County. OID recognizes that during the irrigation season its 
employees will still clean debris from the upstream side of road crossings and take 
whatever means necessary to ensure the continued delivery of irrigation water resulting in 
OID being responsible for operational maintenance. 
 
Replacement Cost: OID and County agreed to a 50/50 cost share of the total project cost, 
subject to budget authority by both parties for only those conduits in which their 
replacement was determined mutually beneficial. The total project cost shall include, but 
not be limited to costs associated with engineering, surveying, labor and materials, storm 
water bypass, fencing, inspection, soils/material testing, traffic control and contract 
management. OID and County agreed to bear 100% of the total project costs for those 
conduit replacement projects deemed necessary for the sole benefit of either OID or 
County. 
 
Design Parameters: For the purposes of this Agreement, OID and the County agreed that 
all conduit replacement projects shall be designed to accommodate the “maximum 
potential flow rate” or that flow rate determined practical by both OID and County. The 
“maximum potential flow rate” shall be determined by the greater of the following; (1) 
the maximum irrigation design flowrate, (2) the maximum irrigation drain water flow rate 
or (3) the maximum storm water flow rate as calculated in accordance with Chapter 4: 
County Storm Drainage Standards. While OID is technically not responsible for the 
potential added costs associated with upsizing the conduit to handle condition 3, these 
costs are thought to be minimal in comparison to total project cost.  
 
Drawing/Calculation Review: It is important that both Engineering Departments review 
the necessary design calculations and design drawings prior to bidding the project and 
ultimately the start of construction. Too often this does not happen and more often than 
not results in costly change orders.  
 
Construction Timing: OID’s construction season is generally defined as commencing on 
or about October 15th and concluding on or about March 15th. It is often the Counties 
desire to perform road improvement projects during the irrigation season (March 15th to 
October 15th) and it should be noted that the uninterrupted conveyance of irrigation/drain 
water during construction is necessary and County shall provide for and pay 100% of the 
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costs associated with temporary bypass of irrigation/drain water conveyance around the 
project site during the irrigation season. 
 
Limits of Agreement: It should be noted that the terms of the Agreement are only 
applicable to those conduits utilized by OID and shall not include those conduits utilized 
for conveyance of private irrigation water or private drain water or those conduits utilized 
for the sole benefit of County.   
 

CONCLUSION 
 

This Agreement along with various other Agreements of this nature are thought to be 
extremely valuable to local public agencies in providing a legal basis for their actions 
while providing a clear and concise guideline for the project from design through 
construction. This Agreement is undoubtedly a dynamic document and as more and more 
conduit replacement projects are completed it will change accordingly.  
 

REFERENCES 
 
California Water Code, 2008. 
 
CH2MHill, Water Resources Plan Summary Report, November 2005. 
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METHOD FOR IRRIGATION SCHEDULING BASED ON SOIL MOISTURE 
DATA ACQUISITION  

 
B. K. Bellingham1 

 
ABSTRACT 

 
The water requirements of crops are dependent on evapotranspiration (ET), soil 
chemistry, and the crop’s maximum allowable depletion (MAD). Direct measurements of 
root zone soil moisture, water application along with published ET values and soil 
textures, can be used in a soil water balance model that can significantly optimize 
irrigation efficiency. Over the past five years, advancements in computer 
microprocessors, memory, and software development tools has improved data acquisition 
methods and made data acquisition system integration more reliable and more cost 
effective. We discuss here an irrigation scheduling method based on a volumetric soil 
moisture balance model and data acquisition. 
  

INTRODUCTION 
 

In the western United States, irrigation accounts for about 80% of the water consumed. 
(Hutson 2000). Concerns about changes in land use due to growing populations, climate 
change, and the protection of aquatic habitats are driving a need to conserve water. 
Optimization of irrigation will not only benefit the environment, but also benefit local 
economies.   
 
Over irrigation may lead to dangerous increases in the total maximum daily loads 
(TMDL) of temperature, nitrates, and salinity in natural waters (Chapman 1992). Nitrate 
fertilizers leached out of the soils get transported to natural waters causing eutrophication 
and other aquatic impairments. Run off from over irrigation may affect water quality 
parameters such as pH, total suspended solids (TSS), and dissolved oxygen (Winter 
2002).  Other negative impacts associated with over irrigation include wastes of water 
and energy, and reduced crop yields.  
 
The negative impacts associated with under irrigation are more intuitive. Under irrigation 
may reduce crop yields, which will reduce profit margins.    
 
A soil water balance model incorporated into a data acquisition system is a power tool for 
scheduling and optimizing irrigation. Advancements in computer microprocessors, 
memory and software development tools has improved data acquisition methods and 
made data acquisition system integration more reliable and more cost effective. 
 
The soil water balance model incorporates inputs of soil moisture, water application and 
evapotranspiration (ET).  The soil moisture data acquisition system retrieves the input 
                                                 
1B. Keith Bellingham , Soil Scientist, Stevens Water Monitoring Systems, Inc., 12067 NE Glenn Widing 
Drive, Suite 106,  Portland, Oregon,  97220, www.stevenswater.com , 1-800-452-5272 
kbellingham@stevenswater.com 
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parameters via telemetry and populates software that accommodates the soil water 
balance model. The soil data acquisition software integrated with a soil water balance 
model is commercially available from Stevens Water Monitoring Systems, Inc.     
 

SOIL MOISTURE BUDGET 
 

To begin our discussion about soil moisture budgets, we first describe the components 
and the hydrological conditions of soil. In general, inorganic soil is composed of mixes of 
sands, silts and clays.  Sands, silts and clays differ not only by particle size distribution, 
but also in the atomic arrangement and charge distribution at the molecular level 
(McBride 1994).  Soil geomorphology is the process by which sands and silts chemically 
and physically transform into clays as the soil ages (Birkeland 1999).  
 
 The soil textural class is determined by the gravimetric percentage of sand silt and clay. 
Figure 1 shows the soil texture classifications based on gravimetric percentage.  
 

 
Figure 1. Soil textural classes based on the percentage of sand, silt, and clay. 

 
Sands, silts, clays, and organics represent the solid particle composition of soil while air 
and water fill the pore spaces between the solid particles. When soil is completely 
saturated with water, the porosity will be equal to the volumetric soil moisture content 
(Warrick 2003). The amount of organics in soil will affect the bulk density and the 
porosity. Some organic soils may have porosities of over 90%, but in general, most 
inorganic agricultural loams will have a porosity of near 50%. The pores can be nearly 
microscopic (micro-pores) or visible with the naked eye (macro-pores) (Brady 1974)   
 
The hydrologic properties of soil play an important role in a crop’s ability to transpire 
water with their root systems. Knowledge of volumetric soil moisture content (θ, m3 m-3) 
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Figure 2. Unsaturated soil is composed of solid particles, organic material and pores. The 

pore space will contain air and water. 
 

is an important input into the soil water balance model.   Permanent wilting point (θPW) is 
the soil moisture level at which plants can no longer adsorb water from the soil. Plant 
transpiration and direct evaporation will decrease the moisture level in soil to a point 
below θPW and, in some cases, down to  near dryness.  
 
Field capacity (θFC) is defined as the threshold point at which the soil pore water will be 
influenced by gravity. Above field capacity, the gravitational force will overcome the 
capillary forces suspending the moisture in the pores of the soil allowing for down 
movement of water in the soil column. Below θFC , there will be a net upward movement 
of water driven by ET. Soil textural classes heavily influence field capacity and 
permanent wilting point, particularly clay content (Rowell 1994). Clays interact with 
water in ways uniquely different from sand, silt and organics. Clays will have a physical 
and chemical affinity for water due to the negative charge distribution and the planner 
molecular lattice. The positive portion of the water molecule will be oriented toward the 
negatively charged clay lattice and the oxygen’s lone electron pair will be pointed 
outwards (Grim).    
   
                    Soil Saturation θSAT             Field Capacity θFC               Permanent Wilting Point θpw 

 
Figure 3. Soil saturation, field capacity and permanent wilting point. 
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ENERGY RECOVERY FOR SUSTAINABILITY 
 

Joe E. Blankenship1 
 

ABSTRACT 
 
Electricity is one of the principal operating costs for irrigation districts.  Moving water 
from the source of supply to the fields to be irrigated requires constant energy.  The 
design of irrigation canals often provide for drops that are used to dissipate increments of 
excess energy as water accelerates along the canal due to elevation drops in the terrain. 
Generating electricity at these drops can provide an excellent, and generally unused, 
opportunity to recover some of the excess gravitational kinetic energy in moving water.     
 
Until now technology has not been available to economically recover energy from drops 
that of less than about 5 m.   The Buckeye Water Conservation and Drainage District 
(“BWCDD”) and NatEl Energy are installing a 20 kW capacity demonstration unit of the 
Schneider Linear HydroEngine (“SLH”) in an irrigation canal in Buckeye, Arizona.  This 
installation has as its purpose the provision of data around reliability and durability of the 
SLH engine.  With O&M data, BWCDD can evaluate other sites for installation of larger 
generating units to provide sustainable and renewable energy for the District’ operation.  
The SLH is the only technology the District has found that provides economical and 
efficient recovery of the energy dissipated in irrigation canal drops 
 
In the longer term, the objective for the SLH technology is to provide large dam benefits 
in hydro generation with significant environmental attributes not available with high dam 
construction.  This would involve multiple installations of the SLH in a stair-step 
configuration.  Meanwhile, BWCDD should benefit economically with sustainable 
operations using its own infrastructure to generate a large portion of its electrical 
requirements.   

 
BUCKEYE IRRIGATION DISTRICT — A HISTORY OF PIONEERING 

 
19th Century Pioneering 
 
It was opportunity, not the thought of being pioneers that took the original founders of the 
old Buckeye Canal west out of Phoenix in the spring of 1885.  They chose a location at 
the junction of the Gila and Agua Fria rivers to locate a dam that would supply a canal for 
the purpose of “agricultural, milling or mechanical enterprises.”  Mr. Malin Jackson, one 
of the founders provided the name “Buckeye Canal” in honor of Ohio, his native state. 
Original plans were to bring over 120,000 acres under irrigation.  This was 19th Century 
pioneering. 
 
The decades after its founding saw several floods and rebuilding efforts for the Buckeye 
Canal including change in ownership. One of those changes in ownership came in 1906 

                                                            
1 Manager, Sales and Marketing, NatEl Energy, Inc., 13506 E. Onyx Ct., Scottsdale, AZ 85259; 
joe@natelenergy.com 
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when several farmers wanted to improve service and water supply and purchased the 
Buckeye Canal Company, renaming it the Buckeye Irrigation Company (BIC).   The BIC 
was set up as a cooperative so that only adjacent land owners could own stock.  Later in 
1906 the BIC took over the South Extension canal and in1908 assumed operation of the 
White Tank Canal, bringing the total length of the main canal to 23 miles with the South 
Extension adding another 7.5 miles.    
 
The drainage district part of the Company came into existence in later years as excess 
irrigation on higher grounds caused water logging on some of the lower land areas.  In 
1922, the “Buckeye Water Conservation and Drainage District” (“BWCDD” or the 
“District”) was formed to finance a new dam, install pumps and attempt to correct the 
water logging problem.  To supplement water supply from the river, the District drilled 
water wells, tapping the aquifer of the Hassayampa River Basin which lies below the 
Town of Buckeye.   In 1950, they started a lateral lining program to reduce the amount of 
water lost to seepage.  1950 also brought celebration as the District became debt free, 
paying off the bonds issued for the new dam and improvements beginning in 1922. 
 
BWCDD is an irrigation and drainage district and under Arizona statutes is a municipal 
corporation of the State of Arizona.  The District occupies approximately 22,000 acres 
with 16,000 acres irrigated and lies within the towns of Avondale, Goodyear and 
Buckeye, all within Maricopa County.  The Buckeye or Main canal is 23.5 miles in 
length and the South Extension is another 7.5 miles in length.2 
 
20th Century Pioneering 
 
In 1966 another pioneering decision was made that proved to be very forward looking.  In 
that year the District contracted with the City of Phoenix to take effluent from the 91st 
Avenue wastewater treatment plant (“WWTP”).  The District recognized the growing 
need to conserve water, in all of its conditions, and the additional demands that an 
expanding population would make on fresh water supplies.  Knowing that this additional 
supply would require a shift in types of crops grown, but perhaps a more reliable water 
supply, the District began receiving WWTP water diverted from the Gila River into the 
Buckeye canal in 1971.  Originally the District began receiving 30,000 acre-feet per year.  
The amount of effluent received has expanded to 65,000 acre-feet per year as the 
population of Phoenix has grown and the WWTP has expanded to meet the needs of the 
larger population.  BWCDD pays the City of Phoenix at a rate substantially below the 
cost of potable water in the area.  Currently the District receives or pumps approximately 
180,000 acre feet per year with an estimated 50,000 acre feet returned to the Gila River.  
 
The irrigated land around the Canal is used to grow alfalfa, barley, corn, cotton, oats, 
sorghum and wheat.  Because of the restrictions on use of effluent for food crop 
irrigation, the grain crops are primarily feed for cattle.  The area supports a very healthy 
industry of dairy and cattle feeding operations.  Also, the largest supply in the U. S. of 
quality Pima Cotton comes from the farms along the District’s canals.2  
                                                            
2 BWCDD provided all water supply and area descriptions. 
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21st Century Pioneering 
 
In early 2007 the managers of the BWCDD saw that controlling electricity costs was 
going to become a bigger issue in the Districts operating budget.  The General Manager 
of the District, Ed Gerak, began to research the alternatives for generation at the three 
existing drops on the BWCDD canals.  In discussion with the District’s electrical 
consultant, K. R. Saline and Associates, which had long been retained to advise on the 
District’s Hoover Dam power allocation, the consultant provided several alternative 
methods of generation, including the SLH.  After discussions with the management of 
NatEl, Mr. Gerak and his Board of Directors approved a joint project by BWCDD and 
NatEl to construct a demonstration project for a nominal 20 kW capacity SLH engine at a 
drop site on the South Extension of the main canal.   
 
Exhibiting the same pioneering spirit of the previous owners and managers of BWCDD, 
Mr. Gerak crafted a partnership of site owner, machinery supplier, and civil designer and 
electrical consultant to design, build and operate a pilot operation on at the South 
Extension drop.  The District would provide the site and modifications of the drop to 
accommodate the SLH engine: NatEl would contribute the engine as a demonstration of 
its low cost, low impact, low head hydro generation capability; Stantec, Inc., wanting to 
be part of the development of a unique green technology would contribute the civil 
design and K. R. Saline and Associates would contribute the permitting and electrical 
connection consulting, as well as the Federal Energy Regulatory Commission (“FERC”) 
request for exemption from licensing.  The pilot would allow a demonstration of 
technology that could be implemented at other sites in the District that may have the 
potential to generate between 200 – 300 kW of additional capacity for the District.  
 
At the end January of 2009 the engine has been designed, manufactured and assembled.  
The civil design has been completed and the FERC request for exemption has been filed.  
At each stage of the process, the partners have learned how to deal with the technology 
and the regulations for bringing about a methodology of providing a low cost option for 
electrical generation in low head environments.  The District is currently (April 15, 2009) 
waiting for notification of the granting of an exemption from FERC to complete the 
project.               
 
Beyond Buckeye, the initial applications of the SLH are scheduled to be in irrigation 
canals and water supply conduits. Smaller machines may be economical in wastewater 
treatment plant outfalls.  While this market is being cultivated, NatEl will begin to work 
with developers that wish to add generation to the approximately 75,000 non-powered 
existing dams in the U. S.  
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Figure 1.  South Extension canal drop 

 
PROOVING THE HARD SCIENCE — MACHINERY DESIGN AND 

ELECTRICAL GENERATION  
 
The design of the SLH engine, as well as its materials of construction, methods of 
manufacture and assembly are a matter of established engineering and design.  These 
designs provide for efficiency of operation as well as durability and reliability.  The 
design of the BWCDD demonstration unit is such that it is scalable from 20 kW up to 
1,000 kW of nominal capacity.  The cost estimates from the current design effort for the 
SLH system, which includes the engine, generator, inlet gates, penstock, draft tube and 
PLC (essentially a system ready for installation), are indicated at a capacity cost of 
between $1,000 and $1,500/kW.  The generator is off the shelf, and the other parts lend 
themselves to stamping, bending and simple milling that does not require expensive 
multi-axis CNC machines. The PLC is a special design that will meet SCADA 
requirements and can be adopted for automated and remote operation as well as control 
of multiple units in series.   
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Figure 2.  Working Configuration of the SLH machine 

 
The SLH operates in a significantly different manner than a rotary turbine.  Water 
impacts a series of foils that are linked by chain or belt.  The foils travel in a linear 
direction up and down and over the bottom and top shafts.  The upper shaft is connected 
to a speed increaser and generator, providing the electrical output.  The significant 
difference between this design and a rotary turbine is that the SLH can handle large 
volumes of slow moving water and convert the kinetic energy to electricity with 
efficiencies of over 80% across a broad range of heads and flows.    
 

 
Figure 3.  Efficiency curve of the SLH engine 
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CONVINCING THE SOCIAL SCIENCES — ECONOMIC, 
REGULATORY AND ENVIRONMENTAL ASPECTS 

 
Economics of SLH in Low Head Hydro   
 
Favorable economic results generally are when there is a net monetary income.  For the 
regulatory community, favorable economics means all rules are complied with.  And for 
the environment, a project must look at life cycle effects to be sure that air, water, soil, 
plants and animals are not adversely impacted, in addition to considering human safety 
factors, productive land use and the recycling of all construction materials.        
 
In the U. S. there has been very little development in low head hydro over the past 50 
years.  Some of this may be attributed to the social forces that have put hydro 
development in the environmentally unfriendly category, but a great deal has to do with 
the fact that using the standard turbine technologies was too expensive to design, build 
and install.  Generally, an installation of a turbine meant design for a specific application 
and then manufacturing one unit on a multi-axis CNC machine. The civil works had to be 
designed to carry the heavy loads of the machinery as well as the constant force of falling 
water.     
 
In the initial phases the SLH will not escape some unfavorable attitudes held about hydro 
generation.  Attitudes will change only after favorable environmental benefits are 
demonstrated.  As to the economic feasibility, design and cost estimates have confirmed a 
realistic opportunity to again look at low head hydro as a means of meeting the renewable 
energy needs of the nation.  Since the engine can be produced by standard stamping, 
forming and machining methods and the engine housing, penstock and draft tube are 
fabricated of heavy steel, the cost of capacity can be competitive with coal fired plants 
and nearly as competitive as combined cycle gas turbines.  With low capital cost and 
renewable flowing water providing low or no cost fuel, the overall cost of electricity can 
be very competitive.    
 
To determine the cost competitiveness for the SLH, data requirements are the system 
head, flow and duration of the flow.  A review of the record of water flows over a drop 
for one or two years will provide sufficient data to calculate a duration curve.  With this 
data, along with efficiency of conversion, the calculation of the annual amount of 
electricity generated can be made.  Revenue is determined by the kWh production and the 
feed in tariff at the utility.     
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Figure 4.  Flow Duration Curve for South Extension Drop 

 
The flow duration curve (Fig. 4) provides the basis for a pro forma operating statement 
for the demonstration unit at BWCDD.  The engine design is for 20 kW of capacity at 4 
m of head and flow of 0.52 m3/s.  The actual drop is 2.74 m and average flow is 0.29 
m3/s.  With the duration curve providing time and flow the calculation of capacity 
utilization of the Buckeye pilot is approximately 25%.  Under these conditions the 
projected production is 38,000 kWh/yr against a design capacity of 158,000 kWh/yr 
based on a 90% availability.   
 
There are several things that will change the actual economic outcome of the BWCDD 
installation.  The District has the opportunity to lower the level of the down stream pool 
to make the elevation change larger.  Another change would be to alter the schedule of 
water directed through the drop to have a longer period of flow through the SLH.  Either 
of these would impact the actual results to make the installation more favorable than in 
the forecast. 
 
Economic considerations for SLH sizes above 20 kW are more favorable.  A scaling 
study has provided system cost estimates for all sizes up to 1000 kW.  The lowest cost 
per kW for the machinery is estimated to be in the 200 kW – 400 kW range.  Adding in 
civil design, construction and permitting the all-in estimates for a 200 kW capacity 
installation is likely to range from $1,850 - $2,000 per kW of capacity.  Operation and 
maintenance cost is estimated to be approximately $0.02 kW/h.  The biggest variable will 
be the amount of capacity utilization experienced.  NatEl estimates of lifecycle cost per 
kWh based on a 20 year life, 8% cost of capital and $0.02 O&M is shown in Fig. 5.    
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ESTIMATION OF POTENTIAL FOR MANAGEMENT-BASED PRACTICES TO 
MEET IID ON-FARM WATER CONSERVATION GOALS 

 
Byron Clark, P.E.1 

Lindsay Hall, E.I.T.2 
John R. Eckhardt, Ph.D., P.E.3 

Grant G. Davids, P.E.4 
 

ABSTRACT 
 
The Imperial Irrigation District of Southern California (IID) is embarking on an 
ambitious program to conserve 303,000 acre-feet per year for transfer to other Colorado 
River water users in California.  Conservation will be achieved through a combination of 
system and on-farm improvements.  On-farm conservation of approximately 200,000 
acre-feet of water per year will be achieved through a voluntary program in which 
participants have the option to choose which conservation measures to implement on 
individual fields based on incentive offerings. 
 
In 2007, IID completed the Efficiency Conservation Definite Plan (Definite Plan), which 
identifies likely components of the on-farm program, including expected on-farm 
conservation measure implementation by participants for varying incentive offerings.  
Expected increases in irrigation performance, reductions in farm deliveries, and 
corresponding implementation costs were estimated for each field for each season and 
compatible conservation measure. 
 
Estimation of delivery changes was accomplished by modeling performance increases as 
a function of the crop, soil, and irrigation method at the field; the conservation measure 
selected; and the historical irrigation performance of the field.  The model was 
developed, in part, based on simulations of surface irrigation performance across a range 
of inflow rates and cutoff times for historical irrigation events monitored by IID. 
 
This paper provides a brief background and overview of the on-farm component of the 
Efficiency Conservation Definite Plan, describes the evaluation of management-based 
conservation measures such as irrigation scheduling, and compares conservation 
estimates for management-based conservation measures to other conservation measures 
evaluated as part of the Definite Plan. 
 

                                                 
1 Project Manager, Davids Engineering, Inc. 1772 Picasso Avenue, Suite A, Davis, CA 95618, 530-757-
6107; byron@de-water.com 
2 Project Engineer, Davids Engineering, Inc. 1772 Picasso Avenue, Suite A, Davis, CA 95618, 530-757-
6107; lindsay@de-water.com 
3 Executive Program Manager, QSA-IID/SDCWA Water Transfer, Imperial Irrigation District, 333 East 
Barioni Boulevard, Imperial, CA 92251, 760-339-9736; jreckhardt@iid.com 
4 President, Davids Engineering, Inc. 1772 Picasso Avenue, Suite A, Davis, CA 95618, 530-757-6107; 
grant@de-water.com 
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BACKGROUND AND OVERVIEW 
 
The Imperial Irrigation District of Southern California (IID) diverts approximately 3.1 
million acre-feet of Colorado River water annually to irrigate approximately 475,000 
acres of agricultural lands (Figure 1).   The top nine crops by water use in IID in recent 
years are alfalfa, Bermuda hay, Sudan, sugar beets, wheat, carrots, onions, and lettuce.  
Soils range from heavy, cracking clay to sand but are dominated (> 80%) by cracking and 
heavy non-cracking clay soils.  Primary irrigation methods employed by IID growers are 
graded border (locally called “flat”) and graded furrow (locally called “row”).  High 
distribution uniformity and application efficiency are possible due to the heavy cracking 
soils for which infiltration is relatively insensitive to intake opportunity time.  The 
primary on-farm loss is tailwater (surface runoff), which flows to the Salton Sea, a saline 
lake supplied mainly by irrigation drainage. 
 

 
Figure 1.  Imperial Irrigation District 
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In 2003, IID entered the Quantification Settlement Agreement and Related Agreements 
(QSA), agreeing to the transfer of 303,000 acre-feet annually to other Southern California 
Colorado River water users through a combination of system and on-farm conservation 
projects aimed at increasing on-farm irrigation and distribution system efficiency.  As a 
condition of the agreements, at least 130,000 acre-feet must be generated through the 
implementation of on-farm conservation measures (CMs).  The ramp-up schedule of 
transfer amounts is shown in Figure 2. 
 

 
Figure 2.  QSA Transfer Schedule 

 
In 2007, IID completed its Efficiency Conservation Definite Plan (Plan), which identifies 
the most cost effective mix of on-farm and system improvements needed to satisfy 
transfer obligations while keeping expenditures below available transfer revenues.  On-
farm participants in the transfer program will be provided incentives to implement CMs 
to achieve conservation goals.  The Plan identified numerous CMs that growers are likely 
to consider.  Among those CMs growers expressed interest in implementing were 
management-based CMs aimed at increasing irrigation efficiency through decreased 
tailwater production.  CMs evaluated under the Plan are listed in Table 15. 
 
In particular, interest was expressed in improving surface irrigation methods through 
irrigation scheduling and event management.  Scientific Irrigation Scheduling (SIS), as 
evaluated under the Plan, includes decisions made prior to placing irrigation orders for 
individual fields including the timing, duration, and amount of water aimed at minimizing 
tailwater production while satisfying crop water requirements.  Scientific Event 
Management (SEM), as evaluated under the Plan, includes decisions made after the start 
of an irrigation event based on observed advance, infiltration, and runoff aimed at 

                                                 
5 The CMs evaluated under the Plan were selected to represent the range of costs and efficiency gains 
generally available to IID growers. In implementation, it is expected that growers will be allowed wide 
latitude in selecting CMs including but not limited to those considered during planning. 
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minimizing tailwater production while providing adequate infiltration to meet crop water 
needs. 
 

Table 1.  Conservation Measures Evaluated as Part of the Plan 

Conservation Measure Configurations
Method of Analysis for Conservation 

Potential

Center Pivot 3 field sizes, 8 crop-irrigation method 
combinations

Potential application efficiency based on 
distribution uniformity, results of on-farm 
demonstrations.

Level Basin
10 basin sizes, flexible and standard delivery 
schedules, 8 crop-irrigation method 
combinations

Surface irrigation modeling (SIRMOD)

Micro Irrigation
3 field sizes, with and without reservoir, rental 
or purchase, 8 crop-irrigation method 
combinations

Potential application efficiency based on 
distribution uniformity, results of on-farm 
demonstrations.

Minor Management and 
Physical Improvements

3 field sizes, 8 crop-irrigation method 
combinations

Professional judgement based on results of 
other conservation measures.

Scientific Irrigation 
Scheduling

3 field sizes, 8 crop-irrigation method 
combinations Surface irrigation modeling (SIRMOD)

Scientific Event 
Management

3 field sizes, 8 crop-irrigation method 
combinations Surface irrigation modeling (SIRMOD)

Sprinkle Irrigation
3 field sizes, with and without reservoir, rental 
or purchase, 8 crop-irrigation method 
combinations

Potential application efficiency based on 
distribution uniformity, results of on-farm 
demonstrations.

Tailwater Recovery 
Systems with Reservoirs

3 field sizes, 2 reservoir sizes, 2 pipeline 
lengths, 8 crop-irrigation method combinations

Operational model of TRS operation for 
historical irrigation events, results of on-
farm demonstrations.

Tailwater Recovery 
Systems without Reservoirs

3 field sizes, 2 pipeline lengths, rental or 
purchase, 8 crop-irrigation method 
combinations

Operational model of TRS operation for 
historical irrigation events, results of on-
farm demonstrations.  

 
Each CM was characterized with respect to potential increases to irrigation performance, 
defined as the ratio of crop evapotranspiration of delivered water (ETdw) to irrigation 
deliveries (DW).  This ratio is called the Consumptive Use Fraction, or CUF (CUF = 
ETdw/DW).  Parameters were developed to estimate increases in the CUF for individual 
crop-seasons across the range of crops, irrigation methods, and soils in the Valley (Figure 
3).  Additionally, parameters were estimated for each CM to estimate implementation 
costs for individual crop seasons (Table 2). 
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Figure 3.  Example Increase in Consumptive Use Fraction Resulting from CM 

Implementation for a Particular Crop, Soil Type, Irrigation Method, and Conservation 
Measure.6 

 
Table 2.  CM Cost Characterization Parameters 

 
Annual Capital and Maintenance Cost per Acre 
Annual Capital and Maintenance Cost per Field 
Seasonal Operations Cost per Acre 
Seasonal Operations Cost per Field 
Seasonal Additional Benefit per Acre 

 

                                                 
6 CUFmax percentile – Percentile at which maximum CUF occurs, above which an increase in seasonal CUF 
would not be expected for a given CM. 
CUFmax – Representative CUF at the CUFmax percentile for a particular crop, soil type, irrigation method, 
and CM combination. 
CUFmed percentile – Median percentile for CUF values expected to increase as a result of CM 
implementation (equal to ½ of CUFmax percentile). 
CUFmed – representative CUF at the CUFmed percentile for a particular crop, soil type, and irrigation 
method. 
CUFTyp,CM – representative CUF at the CUFmed percentile for a particular crop, soil type, irrigation method, 
and CM combination. 
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EVALUATION OF PERFORMANCE INCREASES AND ASSOCIATED 
DELIVERED WATER REDUCTION FOR MANAGEMENT-BASED 

CONSERVATION MEASURES 
 
Changes in irrigation performance were estimated by estimating the increase in CUF for 
each historical crop season (over 103,000 crop seasons were evaluated).  Then, the 
increased CUF was used to update the water balance for each crop season (Figure 4).  
Changes in deliveries were estimated by assuming little or no change in 
evapotranspiration of delivered water (ETdw).  The deliveries following CM 
implementation are estimated as the historical ETdw divided by the estimated CUF after 
CM implementation. 
 

 
Figure 4.  On-Farm Water Balance Conceptual Diagram 

 
Potential CUF increases for irrigation scheduling and event management were estimated 
using the SIRMOD surface irrigation model developed at Utah State University.  
SIRMOD simulates advance, recession, infiltration, runoff, and performance indicators 
for surface irrigation events and can be used for simulation, evaluation, and design 
(Figure 5).  The model was calibrated for 21 historical flat irrigation events and 13 
historical row irrigation events.  Calibration was accomplished using delivery and 
tailwater hydrographs collected by IID’s Irrigation Management and Monitoring Unit 
(IMMU) as shown in Figure 6.  For each event the model was calibrated to estimate the 
soil intake characteristics (Figures 7a and 7b for row and flat events, respectively).  Light, 
heavy, and heavy cracking soil classes, shown in Figures 7a and 7b, were preliminarily 
assigned based on the NRCS soil survey of the Imperial Valley. 
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Figure 5.  SIRMOD Screen During Event Simulation 
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Figure 6.  Sample Delivery and Tailwater Hydrograph for a Flat Irrigation Event 
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A CONFLICT MANAGEMENT SUPPORT SYSTEM FOR WATER 
RESOURCES AND IRRIGATION PROJECTS IN EGYPT 

 
Dr. Moamen El-Sharkawy1 

Eng. Amira El-Diasty2 
 

ABSTRACT 
 
Contemporary water resources management is a combined process of sharing water and 
resolving conflicts among stakeholders. There are many challenges influencing water 
management in Egypt such as water shortage, mismatch between supply and demand, 
agricultural expansion, water pollution, stakeholders' participation, economic 
development, and legislative constraints. The key indicators or the water conflicts are 
related to a number of issues including water quantity, water quality, management of 
multiple use, political divisions, geopolitical setting, level of national development, 
hydro-political issue at stake and institutional control of water resources.  
 
The focus of the paper is to demonstrate a comprehensive review of literature of conflict 
resolution process. The review tackled definition of traditional and recent conflict 
resolution approaches, water resources management and irrigation projects conflicts in 
Egypt, main functional activities for assisting the conflict resolution process as 
communication, problem formulation, data gathering and information generation, 
information sharing, and evaluation of consequences.  
 
The paper proposed adaptation of a systemic approach to approach resolution of conflicts 
concerning water resources management and irrigation projects.  This systematic 
approach should provide help to stakeholders to explore and resolve the underlying 
structural causes of conflict and offers a significant opportunity for its resolution. 
Furthermore, the paper presented an application of the proposed systemic approach on a 
specific water management conflict in Egypt. 
 

SYSTEMIC APPROACH TO CONFLICT RESOLUTION 
 
A conflict resolution systemic approach has at least three roles in illuminating grounds on 
which conflict resolution may proceed. First, scientific investigation defines the systems 
that are affected and their structure (components), indicating where there is an established 
or assumed relationship among the various components. Definition of the system 
structure is fundamental because often conflicts arise where it has been assumed that the 
impacts were not as far-reaching as demonstrated in practice. Second, a systemic 
approach helps to describe the characteristics of the various components, including the 
physical systems, the ecosystems, and affected social groups and organizations with their 
preferences and modes of action.  

                                                           
1 Moamen Said El-Sharkawy, PhD, Senior Assistant Director of Works, Integrated Water Management 
Unit, Ministry of Water Resources and Irrigation, Cairo, Egypt 
2 Eng. Amira El-Diasty, Senior Assistant Director of Works, Integrated Water Management Unit, Ministry 
of Water Resources and Irrigation, Cairo, Egypt 
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To identify the components is to deal with their interactions as they are established. 
Third, a systemic approach offers the means of estimating the significance of impacts not 
only in terms of physical quantities but also in terms of the way in which they are 
perceived by the people and organizations affected.  
 
 

Table 1. Traditional versus systems approaches to conflict 
 
 
 
 

 
 
 
 
 
 
 

Table 1 presents some differences between traditional and systemic approaches in 
conflict resolution. A systemic approach is proposed as a powerful tool for deep inquiry 
and development of dialogues among stakeholders. Active participation of stakeholders 
and development of their skills to deal with conflicting situations is the driving force of a 
systemic approach. 
 

A NEW FRAMEWORK  FOR WATER CONFLICT RESOLUTION 
 
The recent collapse of many trans-boundary negotiations discloses significant 
shortcomings in traditional approaches to resolution of trans-jurisdictional water conflicts 
involving multiple stakeholders. Without full acknowledgement of the broader external 
issues fueling the conflict and without collaboration by the parties to eliminate extraneous 
sources of intractability, the core dispute is unlikely to be correctly framed and the 
negotiations may be ill-informed as a consequence.  Poor framing can prevent consensus 
on core objectives and constraints and misdirect the formulation, analysis and evaluation 
of water management alternatives. Consensus remains elusive, the diligent efforts of the 
parties notwithstanding.  
 
The core of the traditional approaches were models for simulation of operational 
alternatives, which, while sophisticated, addressed primarily symptoms, e.g. flow 
deliveries, water consumption, reservoir operations, drought response, etc., as opposed to 
causes of the conflict. The conflict resolution approaches demonstrate that incomplete 
characterization of the parties, issues, social system, and processes framing the conflict 
contributes to the difficulty and expense of the core modeling, and more importantly 
makes disclosure of satisfactory solutions around which consensus can be fashioned 
unlikely.  
 
Several ideas for improvement of the water conflict resolution framework and processes 
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embodied in the wake of the failed trans-boundary and local Compact negotiations have 
recently been proposed by some of the participants and academicians involved. 
Notwithstanding the need and potential for improvements in core simulation models, it is 
highly likely that the trans-boundary and local negotiations failed primarily due to the 
inability of the parties to recognize the underlying premises of the disputes and external 
factors preventing consensus.  In recent years, researchers and practitioners have 
identified common characteristics of intractable environmental and resource allocation 
conflicts with respect to the parties, issues, social system, and processes involved.  
 

PILOT DEMONSTRATION OF NEW FRAMEWORK  FOR WATER 
CONFLICT RESOLUTION 

(Abou Kebeer District) 
 
The paper proposes to adopt a new framework for management of water conflicts. The 
procedure involves the following four steps: 
 

 Identification of sources of intractability in the parties, issues, social system, and 
process  

 Conflict re-framing to eliminate or minimize sources of intractability  
 Consensus on core problem definition, core objectives and constraints  
 Parameterization of satisfying core models, consensus on management alternative  

 
The paper conceptually describes the processes of re-framing and consensus management 
pending proof-of-concept demonstration at a pilot level. An existing model that the 
MWRI use will be applied to analysis of the core problem. Potential sources of 
intractability will be identified, characterized and understood, and the issues re-framed 
accordingly to remove these obstacles to successful resolution. The proposed pilot 
demonstration for water conflict resolution framework will present a local level water 
conflict.  
 

PILOT DEMONSTRATION OF WATER CONFLICT RESOLUTION 
FRAMEWORK 

 
Since prior to the liberalization of agriculture, the Ministry of Water Resources & 
Irrigation (MWRI) has delivered water to farmers on the basis of indicative cropping 
patterns and calendars determined by the Ministry of Agricultural and Land Reclamation 
(MALR) .  Water releases from the High Aswan Dam (HAD) are based on these 
“indicative” cropping patterns and calendars, which are often released months in advance 
of real planting dates.  Frequently, they are not accurate representations of the actual 
crops grown.  Liberalization and farmer free choice have resulted in much more 
uncertainty about actual irrigation water demands. Cases of significant “mismatch” have 
occurred.  In some cases, large amounts of water (sometimes millions of cubic meters) 
were delivered but not used, while at other times water has not been available to farmers 
when needed, causing a reduction in agricultural production.  The MWRI has identified 
several specific situations that give rise to mismatching, which can be grouped into three 
general categories: 
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1. Under- or over-estimating crop water demands under free cropping 
choices, including cropping patterns and calendars. 

2. System constraints, such as canal capacity, system storage capacity, and 
lag time between water releases from HAD to the farm. 

3. External factors, such as climatic change and unanticipated drainage 
water reuse. 

 
Water shortfalls have resulted from lack of information about cropping patterns and 
calendars and from cropping pattern and calendar selections by farmers that were not 
consistent with the ability of the Nile system to deliver adequate supplies when needed.  
Information on crop selection and the dates of planting and harvesting is essential for 
good water management.  However, there is no routine, accurate, and systematic transfer 
of this information from farmers or the MALR to the MWRI, nor is there an 
understanding of the system constraints on the part of the MALR and the farmers.  Now, 
both Ministries are recognizing that matching real-time irrigation water demands with 
water deliveries is an important step toward an efficient, demand-driven irrigation 
system. 
 
The water management conflict discussed in paper is selected to illustrate that such a 
situation occurs primarily as a result of the inefficient use of the available water supply 
and the over/under-application of water at the local level. Through a case study of one 
region the paper seeks to outline the causes and extent of wastage/inefficiencies in the 
distribution of irrigation water in rural Egypt. By studying water use as a simple 
supply/demand relationship, it may be possible to locate where wastage and inefficiency 
were occurring. This was seen to be primarily on the supply side, although the 
inflexibility of farmer demand was also seen to be a significant factor in the mismatch of 
supply and demand patterns.  
 
Many meetings have been conducted during this study with local ministry staff and local 
water users and farmers to survey and discuss parties, issues, and the nature of the water 
conflict and conflict resolution mechanism. 
 
Four steps are required, the first three of which frame the conflict and establish 
parameters of the core modeling. The Decision Support System (DSS) will be designed to 
operationalize groundbreaking work in understanding of intractable conflict, consensus 
measurement, and operational water management models.  
 
Step 1: Sources of Intractability 

The first step in the conflict resolution process involves characterization of the parties, 
issues, social system, and process to identify factors potentially fatal to negotiation and 
consensus. The following are among potential sources of intractability:  
 

 Parties  
 
Mapping parties that have a stake or in other words stakeholders is the first step towards 
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conflict resolution. The stakeholders differ with the nature of the water conflict.  
Potential stakeholders involved in a water conflict related to water allocation at branch 
canal level can be presented as follows: 

 
 

♦ Under-Secretary for Irrigation 
♦ General-Director of Irrigation 
♦ Irrigation Inspector 
♦ District Engineer 
♦ Behary 
♦ Ministry of Agricultural and Land 

Reclamation – Department of 
Agriculture Extension Department - Ag. 
Cooperatives 

♦ Ministry of Transportation –  
♦ Ministry of Housing 
♦ Complaints Administration 
♦ Social Fund (government agency) 
♦ Environmental NGOs 
♦ Minister of Health – local health e  

 

♦ Agricultural Departments 
♦ Environment Ministry – Member of local 

council 
♦ Local Contractor 
♦ Local Councils 
♦ Mayor 
♦ Local Clerics 
♦ farmers 
♦ Irrigation Advisory Service 
♦ Minister of Interior 
♦ Landowners in Cairo 
♦ Local politicians – People’s Assembly 
♦ Landless laborers 
♦ Mechanical & Electrical Department 
♦ Maintenance Department 
♦ Ministry of Industry 

 
 
The above list of potential stakeholders is covering all groups that may have influences, 
interests, impacts in the subject conflict. For a specific canal the above list can be 
adjusted by adding or removing. For example, for a canal that have only agricultural 
demand many of the listed stakeholders should be removed and others will move from 
one category to another. 
 
For allocating water for agricultural demand the following figure 1 represents the current 
structure and relationships of involved parties: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  Water Allocation Data-Information-Decision Structure 

Indicative 
crop patterns 

MWRI 
Headquarters

Central Directorate 
of Water Distribution

MWRI 
Headquarters 

Irrigation Directorate  

Irrigation District Farmers Water request 
Complaints 

Bahary 



 Irrigation District Sustainability 430 

 

 Issues 
 
Issues and disagreement rooted in ideology, culture, group membership, threats to public 
health and safety (non-negotiable) subjective values.  
 
Conflict over irrigation water amongst farmers (internal) and between them and water 
authorities (external) exists in every community in Egypt. The nature of conflict varies 
widely between different areas (Districts, Directorates, Governorates). 
 
The nature of conflict, as well as structures for resolution, has changed due to complex 
socio-economic and political factors. In general, the level, frequency and intensity of 
conflict is perceived to have increased since the 1970s. Distance from water source is the 
most important factor in determining the level of conflict. (Drainage reuse and water 
wells). All communities experience fluctuation in level of conflict in accordance with the 
season, with most conflicts arising in the summer. 
 

o Root causes of conflict  
 
Real or perceived in-equality or unfairness in water distribution is at the heart of water 
conflict. Disputes over irrigation water are often entangled in complex layers of social, 
economic, political and technical factors between individual community members, 
families, and various other social and administrative groups. Also, agricultural driven 
conflicts provide an added dimension. 
 
When it comes to external conflict between farmers and water authorities, the perception 
of the factors by the farmers is very different from that by the water authorities.  Each 
tends to blame the other. 
 

o Farmers 'perception of causes 
 Low water levels  
 The capacity constraint of the irrigation canal system and its inability to absorb 

any additional allocations 
 Poor maintenance of the canalization system  
 Unlined watercourses and seepage. 
 Insufficiency of water intakes.  
 Poor management by incompetent and unaccountable water engineers  
 Power and dominance by influential owners and owners of the new land areas 
 Bribery and nepotism for the Baharys 
 Brevity of irrigation time allowed per feddan 
 Ineffectiveness of the fines imposed on unauthorized rice-growing  
 Transgression by the fountainheads farmers against irrigation water 

 
o Water Authority’s perception of causes (Districts, Directorates) 
 Acts of transgression by the farmers 
 High rate of water waste by farmers 
 Lack of awareness amongst farmers about availability of water and allocation 
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WATER QUALITY AWARENESS AND MANAGEMENT AT DISTRICT LEVEL 
 

Dr. Moamen El-Sharkawy1 
 

ABSTRACT 
 
Experiences establishing Water User Associations (WUAs) in Egypt have been carried 
out for the past 15 years, with increasingly promising results. Most of these activities 
have been pilot projects aiming to demonstrate the benefits and sustainability of WUAs. 
Since 2003, the Ministry of Water Resources and Irrigation (MWRI) has adopted as 
policy the large-scale development of Branch Canal WUAs. About 600 branch canal 
WUAs (BCWUAs) have since been established. 
 
BCWUAs are being formed to promote participatory approaches in all aspects of water 
management. Under the MWRI Integrated Water Management Program (IWMP) 
implemented through the Integrated Water Management Unit (IWMU), 27 IWMDs were 
formed in four governorates: Aswan, Qena, Sharkiya and Gharbiya.  The 27 Integrated 
Water Management Districts include about 600 BCWUAs covering 15% of Egypt’s 
irrigated area and involving half a million farmers, water users and residents.  The 
BCWUAs empower water users to better assess their needs and priorities, solve local 
scale conflicts and issues on their own, and partner with MWRI staff to solve larger-scale 
issues.  
 
Under the IWMP, the ministry IWMU has supported the IWMDs in establishment and 
activation of BCWUAs through technical assistance, capacity building based on both 
class-room and on the job training.  This support was mainly focusing on the IWMD and 
Directorate staff with the objective of that they will extend this support for providing the 
needed orientation and capacity building for the established BCWUAs in order to 
motivate and activate their participation with the IWMDs. 
 
A different approach has been developed and implemented, emphasizing the direct 
involvement of MWRI field staff and a partnership between water users and MWRI 
managers, to increase awareness and capacity building concerning water quality 
improvement at the local level. This paper argues that the approach of employing 
IWMDs and BCWUAs users, and empowering them to take over the water quality and 
environmental improvement initiatives at local level, can be adapted and succeeded to 
increase awareness and improve water quality within the Egyptian context. 
 

INTRODUCTION 
 
Experiences establishing WUAs in Egypt have been carried out for the past 15 years, 
with increasingly promising results. The first attempts were led by the MWRI in the late 
80s early 90s under the USAID funded Egypt Water Use and Management (EWUP) and 
the Irrigation Management Systems (IMS) projects. The USAID and World Bank-funded 
                                                 
1 Moamen Said El-Sharkawy,PhD., Senior Director of Works, Integrated Water Management Unit, 
Ministry of Water Resources and Irrigation, Giza, Egypt 
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Irrigation Improvement Projects (IIP) went along by establishing mesqa2 WUAs, while 
the Fayum Water Management Project (FWMP) formed branch canal-level Water 
Boards. Recently the Water Boards Project has initiated the establishment of District 
Water Boards. 
 
Apart from the IIP projects, where WUA establishment mostly supports mesqa structural 
improvement, the other projects aimed to prove the feasibility and sustainability of 
WUAs. They consequently focused on limited numbers of associations, and used a 
resource-intensive formation process, with implementation and monitoring done at 
central level. They were able to sensitize water users and MWRI staff to the benefits of 
water user participation. 
 
Starting in 2003, the MWRI has initiated the large-scale formation of BCWUAs 
implemented through the Integrated Water Management Unit (IWMU), starting first with 
94 of them in 4 pilot irrigation districts, and now with several hundreds of them over five 
entire irrigation directorates. In order to implement a large scale environmental and water 
quality awareness and improvement program without too time and resource-intensive 
approaches an innovative approach that relies and employs IWMD-BCWUA structure 
has been developed and implemented, as presented hereafter. 
 

KEY PRINCIPLES FOR LARGE-SCALE DEVELOPMENT OF BCWUAS 
 
Large-scale development of water users involvement in water management implies 
rationalizing the BCWUA formation process, achieving concrete results and getting 
tangible benefits for water users, and also accepting that not all associations will achieve 
same level of success (some may be inactive or inefficient because of pre-existing 
community conflicts, lack of willingness, focus on other -not water related- issues, etc.). 
 
Over the past two years, the MWRI has led large-scale formation of BCWUAs under its 
integrated water management program. 
 
A preliminary step was to simplify the structure of the MWRI by establishing Integrated 
Water Management Districts (IWMDs) as sole local delegations (thus merging pre-
existing irrigation and drainage districts). Then the established IWMDs will promote 
water users involvement through establishing water users’ associations at the branch 
canal level so called BCWUAs (figure 1) adapting the following key principles: 

• Increasing awareness that BCWUAs are an opportunity with clear benefits for 
motivated and determined MWRI staff and water users; 

• Building the capacity of MWRI staff, chiefly at district level, to support BCWUA 
development, now and in the future; 

• Providing a streamlined clear process for forming BCWUA; 
• Empowering IWMDs to directly form BCWUAs, since this: 

                                                 
2 Mesqas are tertiary level canals, privately owned and serving 50-300 feddans/acres through marwas (plot 
ditches). They are supplied by state-owned branch canals (secondary canals serving 500-5000+ 
fedddans/acres). 
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 Promotes a direct partnership between BCWUAs and IWMDs (with IWMDs 
as a “single window” contact for water users to provide and receive 
information, express needs and priorities); 

 Reinforces the IWMD as sole MWRI agency at district level; IWMDs 
represent a unique venue to coordinate all water management activities and 
implement water projects, thus resulting in more appropriate and timely 
decision-making, more sustainable implementation and significant economies 
of scale; 

 Ensures sustainability (after project ends) by building the capacity of IWMD 
staff;  

 Reduces the cost of forming BCWUAs over all of Egypt by using existing 
local staff instead of using a specific implementing entity. 

• Identifying clear benefits for both water users and IWMD staff; and 
• Emphasizing the fact that BCWUAs are complementing the role of IWMD staff, 

not replacing it. 
• Women should be given equal opportunity through this process. It is absolutely 

essential that female water users participate in the election as voters and 
candidates and participate as effective actors specifically in water quality issues. 

 
The main strength of adapting these principles is to focus on actual activities and outputs 
to ensure that water issues are tackled and tangible benefits achieved, in terms of 
improved allocation of water resources and O&M funds, better resolution of water 
disputes, etc. This is eventually what builds the credibility and sustainability of BCWUAs 
(as opposed to optimal administrative and organizational procedures, which can be 
improved over time). 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. An Organizational Structure of a Typical BCWUA 
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PROCESS OVERVIEW 
 
The BCWUA formation process involves five main steps: 
• Introduction/Orientation: MWRI officers (especially IWMD managers) get 

acquainted with the BCWUA formation process, and a Water Advisory (WA) Team 
is selected and assigned in each IWMD; 

• Preparation: geographical and social data is collected to identify where BCWUAs 
will be formed and to identify key water users; BCWUAs are delineated through 
canal grouping; 

• Establishment: Key water users are informed about BCWUAs, sensitized to the 
benefits and convened to elect Board members and a chairperson; these 
representatives are acknowledged through a MWRI decree and invited to sign a 
Memorandum of Understanding (MOU) with the MWRI; 

• Activation: BCWUA Boards prepare their own Internal Regulations, and collaborate 
with IWMD staff to identify key water issues, assess solutions and define actions and 
activities to be implemented; and 

• Participatory Water Management: BCWUAs get involved in activities under four 
themes: water distribution, maintenance of waterways and structures, water quality, 
and communications and administration. 

 
The four PWM themes cover most of the basic water management activities at district-
level. Each activity should produce a specific output. In terms of the water quality 
management activities the following present each activity and corresponding output: 
 

Topic  Activities Outputs 

1 Activities to manage liquid 
waste disposal 

2 Activities to manage solid 
waste disposal 

Waste management activities 
implemented (through 
Action Plan) Water Quality 

3 Awareness activities 
regarding pollution Awareness meetings/actions 

 
These activities are implemented under the same overall approach that heavily relies on 
IWMD staff to support and engage BCWUAs. To that end and to nurture the IWMD-
BCWUA partnership, benefits for both sides have been identified for each activity: 
 
Topic Activities Benefits to IWMD/MWRI Benefits to WUs 
Water Quality 

Activities to manage 
liquid waste disposal 
Activities to manage 
solid waste disposal  

 Awareness activities 
regarding pollution 

Complements MWRI 
awareness activities, 

improves water quality 

Improves water 
quality, 

environment, health
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Beyond building the credibility of the practice of water user participation, the objective is 
also to encourage a feeling of stewardship among water users so that they evolve from 
being passive requesters/beneficiaries to becoming responsible actors.  
 

WATER QUALITY AWARENESS AND MANAGEMENT  
PARTICIPATORY FRAMEWORK 

 
As presented, once the initial step was implemented establishing IWMDs, within less 
than 6 months, 20 to 35 BCWUAs were then formed in each IWMD. 
 
After these BCWUAs signed Memorandum of Understanding (MOUs) with the MWRI, 
and have approved Internal Regulations, they started participating in water management 
activities. In order to be able to participate effectively, the BCWUAs members were 
oriented and trained by the IWMD staff. Concerning water quality management three 
major activities (as mentioned above) were initiated. 
 
Activities To Manage Liquid Waste Disposal 
 
Wastewater is one of the main sources of pollution in the irrigation and drainage systems 
in Egypt. Most rural areas dispose raw sewage water by dumping it into canals and 
drains. Sewage water also, seeps from septic tanks into the shallow groundwater aquifer. 
The problem poses serious consequences for hygiene standards through the country while 
increasing health hazards, soil deterioration, and degradation of agricultural production 
quantity and quality. 
 
 
 
 
 
 
 
 
 

Figure 2. Liquid Waste Disposal in a Canal 
 
 
Most of waterways that passes through inhabited and residential areas are vulnerable to 
sewage water dumping and pollution. As costs of constructing central wastewater 
treatment facilities and establishing sewage collection networks are usually high, Egypt is 
searching for practical solutions that can be financed and managed at the local level.  
 
The activities initiated through the IWMDs and BCWUAs are: 

1. encouraging water users to participate in solving their wastewater disposal 
problem, 

2. introducing low-cost wastewater treatment techniques. 
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FLOW MEASUREMENT WITH LONG-THROATED FLUMES UNDER  
UNCERTAIN SUBMERGENCE 

 
Tom Gill1 

Mark Niblack2 
 

ABSTRACT 
 

The evolving circumstances under which irrigation districts operate include growing 
demands for more accurate knowledge and accountability of flow throughout the 
conveyance network, along with increased needs for timely awareness when unexpected 
flow conditions are present.  For open channel conveyance systems, critical-flow 
structures (flumes or weirs) offer the simplicity of a direct correlation between upstream 
water level and a corresponding discharge.  Unfortunately at many locations where flow 
measurement is desired there may be insufficient head available for operation of a 
critical-flow measurement structure under all flow conditions that may occur. 
 
In recent years following development of computer-based design and calibration 
software, long-throated flumes have gained increasing popularity as the class of critical-
flow structures which offer the greatest submergence tolerance.  Numerous long-throated 
flumes have been installed at sites where head availability is marginal.  In some cases 
after a flume has been installed it becomes apparent that the head is not sufficient under 
all operating conditions for critical-flow measurement. Reclamation’s Hydraulic 
Investigations and Laboratory Services Group and Yuma Area Office Water 
Conservation Field Services Program are field testing a system for measuring flow with 
long-throated flumes under submerged or unsubmerged conditions. 
 
The initial scope this field study targeted specifically selected for continuously 
submerged conditions.  The project scope has been expanded to include occasionally 
submerged sites in recognition that numerous long throated flumes have been installed at 
sites where submergence conditions that exceed the flume’s modular limit exist under 
some operating conditions.   
 

INTRODUCTION AND BACKGROUND 
 

Engineers at the US Bureau of Reclamation (Reclamation) Hydraulic Investigations and 
Laboratory Group have recently been expanding on the work of others (Replogle, 1994) 
in low-cost pipe venturi flow measurement by applying the venturi solution for 
measuring flow at submerged flumes.  For the pipe venturi solution, the measured static 
head differential along with known cross sectional flow areas from two locations – the 
venturi approach section and the constricted throat section – are needed to determine 

                                                 
1 Hydraulic Engineer, US Bureau of Reclamation Hydraulic Investigations and Laboratory Services 
tgill@usbr.gov 
2 Agricultural Engineer, US Bureau of Reclamation Yuma Area Office Water Conservation Field Services 
Coordinator mniblack@lc.usbr.gov 



 

 495 

HARDING DRAIN WATERSHED AGRICULTURAL AND URBAN IMPACTS — 
EVALUATION, EDUCATION AND OUTREACH 

 
Debra C. Liebersbach, P.E. 1 

Keith G. Larson 2 
 

ABSTRACT 
 
Harding Drain is a constructed agricultural drain that carries flows from both agricultural 
and urban sources.  The drain and downstream waterways have been listed as “impaired” 
for a variety of constituents.  However, much has changed within the watershed since it 
was included on California’s 303(d) list.  Though various programs have previously 
collected water quality data they did not provide a comprehensive, clear picture of how 
water quality is linked to sources, or a clear understanding of what strategies might be 
effective in controlling the various constituents causing the impairment.   
 
TID applied for and was awarded a grant to address these issues.  The goals of the 
program were to: (1) Provide an assessment of water quality in the Harding Drain 
watershed and impacts on the San Joaquin River; (2) Educate stakeholders about 
conditions, causes of impairment, and management practices that may be available to 
address water quality concerns; and (3) Engage stakeholders in developing a Watershed 
Management Plan to address water quality issues within the watershed.  The project, 
implemented over a three year timeframe, assisted local stakeholders in understanding 
how the watershed functions, the current conditions within the watershed, and how their 
activities may be influencing water quality.   
 
The project involved a watershed assessment, water quality monitoring program, data 
analysis, and identification of management strategy recommendations with involvement 
and input from engaged local stakeholders.  Education and outreach activities were 
conducted in both the agricultural and urban sectors, through workshops, newsletters, a 
website, and a variety of activities including stormdrain stenciling, education seminars 
for teachers, and farm-site consultations.  The resulting watershed management plan 
includes a clear understanding of current conditions, identifies problems areas, as well as 
measures available to address these issues.  Utilizing this plan will enable stakeholders to 
continue to work together to address the remaining water quality issues, in an effort to 
avoid future regulation.    
 

                                                 
1 Water Planning Manager, Turlock Irrigation District, 333 E. Canal Drive, Turlock, CA  95380; 
dcliebersbach@tid.org 
2 Water Resources Analyst, Turlock Irrigation District, 333 E. Canal Drive, Turlock, CA 95380; 
kglarson@tid.org 



496 Irrigation District Sustainability 

 

INTRODUCTION AND BACKGROUND 
 
Purpose and Scope of the Harding Drain Watershed Grant 
 
The Harding Drain Watershed is a complex, managed water system in the San Joaquin 
Valley of California, comprised mainly of man-made water conveyance facilities within 
the Turlock Irrigation District’s (TID) boundaries.  The watershed encompasses 
approximately 100,000 acres of land used for agricultural (83%) and urban (17%) 
purposes.  The Harding Drain is an unlined constructed agricultural drain which collects 
and conveys water from a variety of sources and ultimately discharges to the San Joaquin 
River.  Figure 1 below shows the general location of the Harding Drain Watershed. 
  

 
Figure 1. Location of Harding Drain Watershed (Brown and Caldwell 2008a) 

 
Based on data gathered in the late 1980’s and early 1990’s, the Harding Drain was 
characterized as water quality limited for ammonia, unknown toxicity, diazinon and 
chlorpyrifos, leading to its inclusion on the Clean Water Act (CWA) Section 303(d) list 
of impaired waterways in 1998.3  The listing is a first step in a regulatory process, 
prescribed by the CWA, designed to improve conditions within water quality limited 
waterways and bring them into compliance with water quality standards.    
 
Local watershed based efforts can be successful in addressing water quality issues, 
eliminating the need to implement a formal regulatory process.  Significant changes 
within the Harding Drain Watershed since the 1980’s has resulted in water quality 
improvements.  In an effort to understand the current conditions, TID began gathering 

                                                 
3 USEPA 2008. United States Environmental Protection Agency.  Total Maximum Daily Loads website. 
Listed Water Information, Cycle:  1998. 
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data in 2001 on three of the four listings (i.e. diazinon, chlorpyrifos and ammonia) which 
showed that improvements had been achieved. An analysis of the data was provided to 
the State Water Resources Control Board (SWRCB) in the 2006 listing process, resulting 
in the removal of diazinon and ammonia from the 303(d) list.  The Harding Drain 
remains listed for chloryprifos and unknown toxicity. 
 
In a parallel effort to address these issues, TID applied for and was awarded a $1.4 
million dollar Proposition 50 grant from the State of California.  The resultant project 
included components designed to:  (1) Provide an assessment of water quality in the 
Harding Drain watershed and impacts on the San Joaquin River; (2) Educate stakeholders 
about conditions within the drain, causes of impairment, and management practices 
available to address water quality concerns; and (3) Engage stakeholders in developing a 
Watershed Management Plan to address water quality issues within the watershed.  The 
grant funded project, began in June 2005 and was completed in December 2008.   
 
Watershed Description and Land Use Assessment 
 
The Harding Drain Watershed is not a typical watershed.  It is a unique system of man-
made irrigation canals and laterals, pumps, pipelines, creeks and drains.  For this reason, 
it cannot be defined based simply upon topography.  As a result, the project defined the 
approximate boundaries of the watershed based upon the system configuration as well as 
topography. 
 
The Harding Drain Watershed area is comprised predominately of agricultural lands.  
The actual size of the watershed varies seasonally.  During the non-storm season, also 
commonly referred to as the irrigation season, the watershed includes approximately 
95,000 acres.   During the storm season, an additional 14,000 acres drain into the 
watershed from upslope areas including Sand Creek.  Overall, agriculture accounts for 
approximately 83 percent of the land uses during the irrigation season, while the 
remaining 17 percent are made up of urban areas including the communities of Turlock, 
Hughson, and portions of Ceres, Keyes and Denair.  The predominate crops grown within 
the watershed include nearly 34% orchards (i.e. almonds, walnuts, peaches and 
nectarines), 20% corn, and 15% pasture or alfalfa.  The remaining 14% of agricultural 
land includes a variety of dairies, farmsteads and poultry farming operations, and is used 
to produce a variety of field crops including beans, sweet potatoes, and sudan, as well as 
vineyards, and nursery crops.  
 
TID was the first irrigation district established within the State of California.  In the late 
1800’s TID built a system of gravity-fed canals to convey water from the Tuolumne 
River to local farms for irrigation.  Drains were then built to transport spills from the 
canal system to local rivers.  The Harding Drain is a constructed, earthen agricultural 
drain designed for that purpose.  The majority of the watershed is located within TID’s 
irrigation boundaries.  

 
The inflows to this system of canals and drains have evolved over time.  With the advent 
of electricity, wells were installed to supplement surface water supplies and lower 
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groundwater levels to facilitate crop production.  As urban areas developed on what once 
were agricultural lands, urban runoff from storm events and dry-season flows were routed 
to the canal system.  Wastewater effluent from the Turlock Regional Water Quality 
Control Facility were conveyed and discharged into the Harding Drain for transport to the 
San Joaquin River.   
 
As a result, in addition to planned irrigation flows during the irrigation season (generally 
mid-March through mid-October) the canal system now conveys urban runoff (either dry-
weather runoff or storm water), tile drainage, irrigation return flows from “spill ditches” 
(irrigation pipelines that flow back into the canal), and drip/micro flush systems.  The 
quantities of these additional flows, compared to planned irrigation supplies, are 
generally extremely small.  However, these other inflows are unplanned, and typically 
contribute to the volume of water spilling from the canals to the drain. 
 
During the non-irrigation season (generally mid-October through mid-March) flows into 
the canals may include storm water or dry-weather flows from urban areas, storm water 
from Sand Creek, tile drainage and groundwater drainage from pumps. 
 
Any flows from the system of canals within the watershed, not used for irrigation, spills 
to the drain.  In addition, the Harding Drain also conveys treated effluent from Turlock 
Regional Water Quality Control Facility.  During the non-irrigation season flows within 
the drain are typically dominated by wastewater discharges.  The exception being during 
significant storm events, when storm water flows overwhelm other inflows.  
Groundwater seepage, agricultural runoff, and runoff from local roadways are also able to 
flow into the drain. 
 
Canal operation can play a role in the flows within the drain.  Water typically flows 
through the TID system from the northeast to the west and southwest; however, flow 
routing varies seasonally.  During the irrigation season, canals are operated to deliver 
irrigation water and minimize spills.  During the non-irrigation season, flow routing can 
vary from day-to-day and month-to-month.  The canals are operated to route flows in one 
direction or another, depending on flow conditions and system needs for flood control or 
system maintenance.   
 
Given the variable nature of the system operation, water can flow to the Harding Drain 
from a variety of sources and inputs at any given time.  These conditions provided 
challenges for characterizing water quality and associating water quality impacts with 
potential sources.  A complete description of the watershed, land uses, hydrology and 
historic water quality data (described below) are contained within the Baseline Watershed 
Assessment Report developed for the grant project. 
 
Existing Conditions Assessment  
 
One of the first steps in the grant project included evaluating the existing conditions 
within the drain.  Historic data was compiled and reviewed to:  (1) Establish baseline 
conditions for constituents to be monitored under the grant program; (2) Assess spatial 
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variability and effects of upstream sources; and (3) Analyze temporal variability (e.g. 
both seasonally and year-to-year).   
 
The existing data review focused primarily on general water quality conditions and 
constituents of concern that were anticipated to be monitored under the grant project, and 
to specifically address the 303(d) listings (i.e. diazinon, chlorpyrifos, ammonia, and 
unknown toxicity).  Since the source of the toxicity was unknown, many potentially toxic 
constituents were evaluated.  A secondary focus was on other constituents that are of 
downstream concern including nutrients, organic carbon, and indicator bacteria.   
 
Several sources of data were evaluated including water quality monitoring data from 
TID, the City of Turlock, the Central Valley RWQCB Surface Water Ambient 
Monitoring Program (SWAMP) and Total Maximum Daily Load (TMDL) bioassessment 
program, a Draft Use Attainability Analysis prepared for the SWRCB for the drain, the 
Department of Pesticide Regulation (DPR) Surface Water Monitoring Program, and the 
United States Geological Survey (USGS) National Ambient Water Quality Assessment 
(NAWQA) program.  Data from these programs included field parameters, conventional 
laboratory analytes, pathogen indicator bacteria, trace metals, pesticides, and toxicity.  
Flow was also evaluated to help determine the relative contributions of various inputs 
into the watershed. 
 
A compilation of the data showed that information was available for general water 
quality constituents in the Harding Drain, such as salinity, nutrients, temperature, and pH.  
However, data for other constituents, particularly pesticides and toxicity, were spatially 
and temporally limited.  As a result, the grant funded monitoring program was designed 
to address these data gaps. 
 
Monitoring Program 
 
Approximately $900,000 within the grant were allocated to developing and implementing 
a water quality monitoring program over approximately two years.  The goal of the 
program was to characterize water quality within the watershed, and identify water 
quality problems and their potential sources.  The challenge was to gather as much data 
as possible to accomplish this task over a relatively limited timeframe, and within a 
limited budget.  While the overall dollar amount seems large, some of the laboratory 
analyses, particularly toxicity testing, can be extremely expensive and inconclusive.  As a 
result, it was important to prioritize the monitoring effort to maximize the information 
gathered.  To achieve these goals a comprehensive yet adaptive program was designed.   
 
The land use evaluation completed in the Watershed Assessment Report was used to 
characterize conditions within the watershed and identify the types of sources having the 
potential to influence water quality.  Generally, these include urban runoff, wastewater 
effluent, agricultural runoff and groundwater.  The monitoring program was then 
designed to help characterized these potential influences.   
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A pesticide use analysis was completed to focus monitoring efforts on those pesticides 
that had the most likelihood of being present within the drain, and those that had the 
highest potential to cause toxicity.  DPR data from 2000-2004 was analyzed to assess 
pesticide use within the watershed (CalPIP, 2000-2004).  The three factors used to 
prioritize the list of pesticides for the final monitoring program included pesticide use 
characteristics (i.e. total acres treated, total pounds applied and frequency of application), 
the potential to cause toxicity, and the pesticide’s persistence in the environment.       
 
Many laboratory analyses provide data for multiple active ingredients within a family of 
pesticides, from one laboratory test method. As a result, priority pesticides were grouped 
into pesticide families, and test methods were identified to provide the most data, at the 
least cost.  In total, 60 different pesticides or pesticide “active ingredients” were sampled 
and analyzed throughout the monitoring program.      
 
Another primary goal of the monitoring effort was to address the unknown toxicity listing 
by determining if toxicity remains a concern, and evaluating potential sources.  
Unfortunately the science behind identifying the source of toxicity is not as clearly 
defined as one would like.  Once toxicity is identified, a series of tests are conducted to 
essentially remove various types of pollutants from the water sample and the water is 
retested for toxicity. This “process of elimination” approach provides a means of helping 
to pinpoint the potential cause.  Each test, however, can be quite expensive.  As a result, 
the monitoring program was designed to facilitate the use of the laboratory analyses for 
pesticides and metals (both potential toxicants) to help focus follow-up toxicity 
evaluations.   
 
Monitoring sites were selected based upon local hydrology, preliminary results from the 
land use assessment, knowledge of the various inflows within the system, and the review 
of existing data.  Wherever feasible, sampling locations utilized sites from previous 
monitoring efforts to provide a more extensive data set.  Sampling locations were 
generally grouped into two categories:  (1) sites located along the drain itself, and (2) 
sites that discharged to the drain or were further upstream in the watershed.  The program 
ultimately included three sites along the drain, six sites representing discharges to the 
drain, and seven sites within upstream areas of the watershed, for a total of sixteen 
sampling sites.  A detailed Monitoring Plan and Quality Assurance Project Plan (QAPP) 
were prepared to document to monitoring approach and quality assurance processes 
designed to ensure the accuracy of the data gathered. 
 
Between May 2006 and May 2008 each of the sixteen sites (see Figure 2 below) were 
monitored monthly (with the exception of the wastewater effluent inflow, which was 
added part of the way through the program) for a variety of constituents.  In addition, 
organophosphorus pesticide samples were collected at the three sites along the drain in 
April, May, June, and July to assist in further characterizing Chlorpyrifos concentrations 
within the drain, due to the 303(d) listing. 
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Figure 2. Harding Drain Watershed Project Monitoring Sites. 

   
The final monitoring program included various field parameters 4, conventional 
laboratory analytes 5, E. coli, trace elements 6, pesticides 7 and toxicity.  Field parameters, 
conventional laboratory analytes, and trace elements were monitored throughout the 
watershed, while the toxicity analyses and the majority of the pesticides were only 
analyzed at sites along the drain.  E. coli samples were collected and analyzed along the 
drain at first, with additional sites included later in the monitoring effort.  This approach 
of prioritizing monitoring constituents and locations was designed to maximize the 
amount of data gathered to characterize conditions within the drain, as well as the 
potential influences from various land uses within the watershed to enable the 
development of a management plan to address problems identified. 
 
 
 
 

                                                 
4 Field parameters monitored during the project include:  dissolved oxygen, temperature, conductivity, 
turbidity, ammonia, pH and flow. 
5 Conventional laboratory analytes monitored during the project include:  ammonia, nitrate, nitrite, Total 
Kjeldahl (TKN), total phosphorus, total organic carbon (TOC), dissolved organic carbon (DOC), total 
suspended solids, total dissolved solids (TDS), and color. 
6 Trace elements refers to metals (copper, zinc, cadmium, lead and nickel), as well as non-metals (boron) 
and metalloids (selenium and arsenic).  
7 Pesticides families monitored during the project include:  organophosphorus, synthetic pyrethroids, 
carbamates, urea, dithiocarbamates, organochlorine, triazine and chlorinated herbicides.  Individual 
pesticides monitored were propargite, pendimethalin, oxyfluorfen, paraquat, cis 1,3-dichloropropene, trans 
1,3-dichloropropene, glyphosate, trifluralin, molinate, and thiobencarb. 
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Monitoring Data Analysis 
 
Monitoring data collected between May 2006 and July 2008 was evaluated to 
characterize the current conditions within the watershed.  This process included entering 
the data into a SWAMP compatible database.  The electronic database was then used to 
generate tables and graphs to facilitate easier data analysis, including a comparison to 
reference values 8 and historical data.  The data review was compiled in the project’s 
Data Evaluation Technical Memorandum.  
 
In most cases, a three-tiered graphical representation of the data was developed to assist 
in visualizing and analyzing the dataset.  The three-tiered graphs depict the laboratory 
results at monitoring sites along the drain (Tier 1 Harding Drain), sites immediately 
upstream of the drain (Tier 2 Downstream) and sites further upstream (Tier 2 Upstream).  
Arrows were used to show where the inflows from Tier 2 Downstream sites discharge to 
the drain, to assist reviewers in evaluating potential impacts from upstream sources on 
downstream water quality (Brown and Caldwell, 2008b).  Figure 3 illustrates the three-
tiered graphs described above.   
 
When limited data was available (e.g. when a limited number of detections were found 
for a particular pesticide active ingredient), tables were used to present the monitoring 
results.   
 
The purpose of these analyses was to show the current conditions within the drain, and to 
qualitatively evaluate whether or not conditions within the drain have changed over time.  
The information presented included a description of the magnitude of the detected data, 
the temporal variability and seasonality of the data, along with a comparison to historic 
conditions, and an indication as to the potential water quality implications associated with 
each constituent.   
 
The historic data previously compiled in the Watershed Assessment Report and the City 
of Turlock’s National Pollution Discharge Elimination System (NPDES) permit data 
were used to provide the historical perspective.  In most cases, an indepth statistical 
analysis of the current data compared to the historic data was not performed due to 
limited availability of historic water quality data and time constraints.  However, where 
applicable, some statistical comparisons were performed.   
 
Toxicity testing was included in the monitoring program and was performed on 
Pimephales promelas (fathead minnow), Ceriodaphnia dubia (daphnid) and Selenastrum 
capricornutum (green algae).  Results showed no significant toxicity to fathead minnow 
or C. dubia, even though historic data for these species resulted in the unknown toxicity 
listing.  There were, however, several sampling events where reductions in algal growth 
occurred when compared to the laboratory control.  Several toxicity identification 

                                                 
8 For the purposes of determining appropriate detection levels and interpreting analytical results, reference 
values were compiled, using representative water quality goals from a variety of sources.  In many cases, 
the values used are not established water quality objectives, receiving water limits, or other regulatory 
criteria. 
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Figure 3. Three-Tiered Graph for Total Nitrogen (Brown and Caldwell 2008b) 

 
evaluations (TIEs) were performed in an attempt to determine the cause of the toxicity, 
but no specific toxicants were identified as a result.  The algae toxicity analysis presented 
significant challenges in interpretation of the data and often led to more questions than 
answers.  Some of the challenges encountered were related to data interpretation, cellular 
adhesion of algae to the flask wall altering the algae counts, and variations allowed in the 
test methods which can also impact the results.  In an attempt to resolve these issues, 
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numerous split samples were sent to two and sometimes three different labs, and grant 
funded sampling was coordinated with the City of Turlock’s NPDES permit sampling.   
Unfortunately these efforts provided no clear resolution.  As a result of the uncertainty 
related to the algae toxicity results, it was described as “unconfirmed” algae toxicity 
within the reports.  (Brown and Caldwell, 2008b) 
 
Overall, although there was an extensive list of constituents monitored through the 
Harding Drain Watershed Project, only a limited number of them were detected.  Even 
fewer constituents were found at levels that exceeded reference values.  The analysis of 
the data gathered through the program resulted in identification of specific priority 
constituents.  This relatively short list includes pesticides, salinity, nitrogen, phosphorus, 
E. coli, dissolved organic carbon (DOC), copper, zinc and unconfirmed algae toxicity.  
 
Education and Outreach 
 
An extensive education and outreach program was implemented throughout the project.  
Education and outreach activities were designed to: (1) develop a mutual understanding 
amongst stakeholders regarding the watershed conditions, what may be impacting water 
quality, and best management practices available to address problems identified; and (2) 
provide various segments of the public with information regarding the potential impacts 
from land use practices and management practices available to reduce those impacts.   To 
accomplish this task, various programs were initiated including establishing a Watershed 
Advisory Committee, hosting and participating in educational workshops, developing 
articles for local newsletters, posting information on the internet, and providing onsite 
consultations for local growers.   
 
A Watershed Advisory Committee was formed to assist with the project, and ensure that 
the final product was both meaningful and implementable.  Stakeholders representing a 
variety of agricultural and urban interests participated in the process.  Quarterly meetings 
provided a forum to develop a mutual understanding of:  the watershed and its various 
land uses; historic water quality conditions that led to the 303(d) listing of the drain; 
inflows into the watershed and how they may impact water quality; how flows are routed 
through the watershed; the water quality conditions and their potential implications; as 
well as the potential actions available to address water quality concerns.  The ultimate 
product of this process was a Watershed Management Plan (described below), designed 
to guide long-term water quality improvements.  The Watershed Advisory Committee 
also provides a forum for continued coordination and implementation of the Management 
Plan moving forward. 
 
A variety of educational workshops were conducted during the project.  Each was 
tailored to the audience, with many designed in a manner such that local agencies could 
continue to provide similar education and outreach opportunities in the future.  Some 
workshops provided education to the growers within agricultural community, while 
others reached out to urban pesticide applicators or suppliers, and agricultural pest 
control advisors.   
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Urban Education and Outreach.  The project helped to educate retailers which sell 
pesticides in the urban setting using the “Our Water – Our World” program9.  Several 
stores within the City of Ceres participated in employee training sessions, and now have 
information and fact sheets readily available to customers regarding less toxic, more 
environmentally friendly alternatives.  The City of Ceres will maintain the program as a 
part of their storm water protection activities.  In the City of Turlock, a storm drain 
stenciling program was initiated, including the development of door hangers and fliers 
describing simple things homeowners can do to save water and reduce urban runoff.  This 
program will also provide ongoing education and outreach within the watershed. 
 
Additionally, the project assisted the cities of Ceres and Turlock, Stanislaus County, and 
the Friends of the Tuolumne in hosting an educational seminar for elementary school 
teachers.  Local teachers received hands-on training, educational curriculum activities 
and other information regarding watersheds, water quality and the hydrologic cycle to 
incorporate in the classroom.  By educating local school children about where water 
comes from, where it goes to, and the activities that impact water quality and the 
environment, members of the community will begin to develop a deeper understanding 
about the need to protect and preserve this precious resource.   
 
Agricultural Education and Outreach.  An educational program was designed for local 
growers utilizing the services of local pest control advisors (PCAs).  PCAs are the experts 
that growers rely upon to identify the best methods for controlling pests and as such were 
the ideal avenue for reaching out to local growers to evaluate existing agricultural 
management practices and identifying measures available to reduce water quality 
impacts.  The on-site consultation program used during the project was based upon a 
similar program implemented on the west side of the San Joaquin Valley by the Coalition 
for Urban and Environmental Stewardship (CURES).  Although this portion of the 
project was slow to start, it was well received by the PCAs and their customers.   
 
During the project local PCAs worked with their customers, asking questions about 
activities and facilities on a specific farm.  PCAs then used that knowledge to suggest 
additional actions which would meet the individual grower’s needs while providing 
additional water quality protection.  Management practices discussed, in the form of a 
survey, included pesticide application methods and sprayer calibration, nutrient 
management, tank filling procedures, laser leveling, vegetative ditches, tailwater return 
systems, and water quality training availability.  A follow-up survey was scheduled 8 to 
12 months later to review the changes, identify which recommendations worked, and 
suggest others if necessary.  Overall, the follow-up surveys indicated an increase in 
understanding of water quality issues and related best management practices (BMPs).  
The follow-up survey showed an increase in management practice implementation of 3% 
to 40% from the earlier survey, with an average increase over all areas of 7%.     
 
 
 
 
                                                 
9 Our Water – Our World. 2008.  http://www.ourwaterourworld.org   
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Watershed Management Plan 
 
Knowledge of land uses and inflows into the watershed from the Watershed Assessment 
Report (described above) was used, in combination with the data gathered during the 
monitoring program and illustrated in the Data Evaluation Technical Memorandum to 
evaluate potential sources contributing to the water quality concerns.  This information 
was then incorporated into the final product of the grant project, a Watershed 
Management Plan.    
 
The Watershed Management Plan was designed to:  describe conditions within the 
watershed, identify water quality concerns, and focus future actions to improve 
conditions including, but not limited to the removal of the remaining CWA 303(d) 
listings.  Though an extensive list of constituents was monitored during the project, only 
a limited number were detected or found at levels that exceeded reference values.  The 
TID, its consultants and the Watershed Advisory Committee reviewed data gathered 
during the monitoring portion of the program to focus on a list of priority constituents 
addressed by the Watershed Management Plan.  The criteria used to select the top priority 
constituents included downstream CWA 303(d) listings, monitoring data exceedances of 
reference values, and the availability of potential mitigation measures to address the 
issue.  The highest priority constituents identified through this process were chlorpyrifos 
and other pesticides, salinity, unconfirmed algae toxicity, nutrients (i.e. nitrogen and 
phosphorus), drinking water constituents (i.e. E. coli and dissolved organic carbon), and 
metals (i.e. copper and zinc). 
 
Next, a suite of management measures or strategies were identified, to provide a range of 
options that could be drawn upon to address water quality concerns.  The strategies 
identified included both management practices and targeted actions.    
 
Management practices identified in the Watershed Management Plan generally focused 
on source control opportunities and structural treatment options.  Practices ranged from 
the relatively simple to more complex, including drainage modifications, detention 
basins, vegetative practices, tailwater return systems, as well as large scale crop or 
irrigation practice changes.   
 
Targeted actions were other measures available to improve water quality or better 
characterize conditions and sources.  Targeted actions included ongoing monitoring to 
assess water quality improvements, further evaluating sources to focus water quality 
improvements (i.e. salinity and E. coli), and activities to resolve the various issues 
surrounding the algae toxicity test methods.   
 
Overall, an adaptive approach to improve water quality within the Harding Drain 
Watershed was recommended.  Early, cost-effective and achievable actions were 
identified for both agricultural and urban influences to address the priority constituents, 
along with continued monitoring to measure progress and determine if more costly 
actions are needed to achieve water quality goals.  Additionally, it was recognized that 
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the measures included in the plan are a current listing of options identified during the 
project.  However, additional measures may be available or become available over time.     
 
To reduce duplication of efforts and focus activities, it was recognized that existing and 
ongoing regulatory programs and activities provide a logical starting point.  Many of 
these programs are in their infancy, and as a result, the water quality improvements 
anticipated from these activities have not yet been realized.  Examples of these programs 
include:  the Irrigated Lands Regulatory Program (CVRWQCB 2003), the Confined 
Animal Facility Program for dairies (CVRWQCB 2007), and the Urban MS4 NPDES 
Program for urban stormwater and dry-season runoff (USEPA 2005, CVRWQCB 2001).   
 
It is important to note that in addition to the existing regulatory programs, ongoing 
voluntary efforts are being implemented which are expected to result in water quality 
improvements.  CURES, established in 1997 to promote rural and urban stewardship of 
the environment, has implemented several programs to support agriculture in improving 
practices to protect water quality, including development of a BMP Handbook, on-site 
assessments and sprayer calibration programs.  Most recently, CURES developed a 
conceptual approach for growers, using flow charts, to help select the most appropriate 
BMPs to reduce potential impacts to water quality from agricultural practices. 
 
Additionally, the City of Turlock is working on plans to relocate the wastewater 
discharge from the drain directly to the San Joaquin River.  Removing all or a portion of 
those flows will influence both the volume and concentrations of constituents of concern 
within the drain including nutrients, salinity, organic carbon, metals and unconfirmed 
algae toxicity, particularly during the non-irrigation season.  As a result, monitoring is 
recommended after the facility modifications are made to assess the conditions at that 
time.  Modification to the management actions can then be evaluated and addressed as 
needed. 
 
The plan recommends that as these existing activities are implemented, progress made 
toward meeting water quality goals be monitored and evaluated to determine the need, if 
any, for additional actions.  This is particularly important for the CWA 303(d) 
constituents.  Data will be needed to show improvements have been obtained, and 
provide the evidence necessary to pursue delisting.   
 
It is envisioned that the watershed-based stakeholder process will provide a forum to 
facilitate and evaluate the improvements identified within the plan.  The Watershed 
Advisory Committee provides for continued communication and coordination amongst 
stakeholders.  This process will enable sharing of information and consideration of 
projects to address constituents of concern should the early and ongoing actions need to 
be supplemented by additional measures to achieve the desired results. 
 

SUMMARY 
 
Overall, the grant project was extremely successful.  It enabled a thorough review of the 
current conditions and provided a forum for stakeholders within the watershed to get 
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involved early and assist in resolving water quality issues.  The resulting Watershed 
Management Plan, and its supporting documents, will provide a basis for local 
stakeholders to continue to work together toward water quality improvements.   
 
If water quality concerns continue, the RWQCB will dictate actions needed to resolve the 
impairments, as specified by the CWA.  It is hoped that this project has provided a 
framework for working together as a watershed to address these issues before regulatory 
action is needed.  Many times a local remedy may be easier to implement than one 
dictated by others. 
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