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Infrastructure Assessment

Introduction
This technical appendix presents the results of an assessment of Oakdale Irrigation District’s 
(OID’s) existing water supply, conveyance, and distribution system infrastructure. The 
purpose of the assessment was to compile and summarize information on OID’s existing 
infrastructure, review and assess the level-of-service provided to OID’s customers, and 
determine the general condition of each major component of OID’s infrastructure. 
Recommendations to address system and service deficiencies and improvements necessary 
to provide higher levels of service to current and future customers are described in the 
Infrastructure Plan section of the WRP Summary Report (Section 9.1).

Methods
The existing system assessment was developed with significant data and information collection 
efforts, interaction with OID staff, and multiple field visits. The assessment began with a review 
of existing infrastructure-related studies and recent operations data in an initial data collection 
effort in late fall 2004. OID computer-assisted drafting (CAD) drawings of all major facilities of 
the OID infrastructure system were completed and reviewed. These drawing files were 
converted to a geo-referenced geographic information system (GIS) base map for the entire 
supply and distribution system. Review and assessment of current OID service standards also 
occurred as part of the information collection process. 

Field inspections were conducted with OID engineering and operations staff during both 
shutdown and operational periods. In December 2004, a week-long field visit was 
conducted to fully understand the facilities and operations of each OID operating division. 
It was recognized that observing operations and facilities during the irrigation season was 
equally important, and a follow-up multi-day field visit occurred in June 2005. The field 
visits were used to assess the general condition of structures and their operational purpose. 
Distribution System Operators (DSOs) were shadowed so typical operating practices and 
decision-making processes could be observed. 

During assessment development and completion, review workshops were held with OID 
staff to present findings and confirm key conclusions. Interaction with OID staff in the field 
and throughout the development of the assessment was essential in understanding 
operations data and drawing operational and service standard conclusions. 

Summary of Assessment 
The OID system assessment was a primary component of the comprehensive Water 
Resources Plan. The assessment indicated major vulnerabilities on both the north side and 
the south side of the OID water delivery system, and deterioration of a large proportion of 
OID facilities. The OID system performed well for the larger 160-acre parcels for which it 
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was designed; however, changing customer needs and service conditions require upgrading 
the OID infrastructure system.  

Canal and tunnel reaches on the Joint Main Canal and the North Main Canal are susceptible 
to major failure which would put 40 percent of the OID service area without irrigation water 
for a significant duration. A failure of deteriorating tunnels on the South Main Canal would 
render about 60 percent of the OID service area without water.  

There are several infrastructure deficiencies common to most supply laterals. There are 
numerous instances of remote operating sites, manual gates, and minor services that detract 
from DSO focus on main canal operations. Generally, there is poor water level and flow 
measurement at main lateral operating points and turnouts. Another significant infrastructure 
issue affecting reaches of canals and laterals district-wide is the deterioration of canal banks and 
maintenance roads and access. Miles of buried cast-in-place (CIP) concrete pipe within OID are 
also in need of repair and/or replacement. Because of restrictions on water levels in Rodden 
Lake on the north side, the useful storage available to manage changes in supply or demand is 
minimal. On the south side, Van Lier Reservoir is located and sized to manage most changes in 
supply or demand; however, adjusting the operational strategy and objectives would enhance 
the reservoir’s ability to manage operational changes. 

Service standards and current operational practices were examined as part of the 
infrastructure assessment. While OID’s Rules and Regulations (the “Gray Book”) specify 
service standards, actual practices are commonly inconsistent and exceptions are granted by 
the OID Board of Directors or by individual DSO discretion. It was observed that turnout 
sizing and flow capacity is widely varied on a per-acre basis, with little incentive for on-
farm distribution features or practices to work within reasonable delivery standards. 
Unscheduled cuts in water demands are a problem, causing excess spills and inefficient 
DSO efforts to “park water” on other customer lands ahead of normal schedule. 

Operationally, it was observed that no strategy exists to operate deep wells and drainage 
reclamation pumps, although the use of which would provide efficient peaking capability. 
Conflicting operational targets, such as minimizing drain spills versus reservoir operating 
practices, exist among DSOs in different divisions and even within the same division. 

Infrastructure Assessment Organization 
The aging OID infrastructure system requires upgrading to match the needed function and 
purpose facing OID now and in the future. This technical appendix provides the details of 
the infrastructure assessment. Specific recommendations to address deteriorating facilities 
and to respond to changing OID customer needs are presented in the Infrastructure Plan 
Technical Appendix H. 

The individual summary assessments are grouped into the following categories. Summary 
conclusions are presented under each category. See Figure C-1, Existing OID Infrastructure 
Map (located in the sleeve at the end of these technical appendixes), for the locations of the 
referenced facilities.

Main canals and regulating reservoirs 
Primary Distribution System (laterals, pipelines, and flow control by Lateral Service 
Area [LSA]) 
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Drainage and reclamation facilities 
Irrigation wells 
Domestic service wells 
Supervisory control and data acquisition (SCADA) 
Existing service standards 

Main Canals and Regulating Reservoirs 
Goodwin Dam
Goodwin Dam provides the diversion pool on the Stanislaus River for the Joint Main Canal, 
the Stockton East Water District diversion, and the OID South Main Canal. The dam is 
located about 11 miles downstream of New Melones Reservoir, which is the largest storage 
facility on the Stanislaus River and is 
owned and operated by the U.S. Bureau of 
Reclamation. Table C-1 lists the facility 
features. Assessment of Goodwin Dam 
was not part of this study, and the 
information presented here is for 
background purposes only. Goodwin Dam 
is owned and operated by the Tri-Dam 
Power Authority (Tri-Dam), a joint powers 
authority formed by South San Joaquin 
Irrigation District (SSJID) and OID. The 
dam is under the inspection authority of 
the State of California’s Division of Dam 
Safety. A vicinity map (Figure C-1) shows 
the location of Goodwin Dam (Figure C-2) 
and other major facilities and OID canal 
reaches.

TABLE C-1 
Goodwin Dam Facility Features 
OID WRP Technical Appendixes 
Facility Feature Description Comments, Notes

Dam and 
reservoir

 Original construction in 1913 

 Twin concrete arch gravity dam 

 460-foot crest length 

 500 ac-ft storage 

Operated at steady pool, run of the river, not 
typically drawn down. Provides backwater for 
Tulloch Dam hydropower outlet, steady levels 
on north and south diversion gates 

North Side 
diversion 

 Joint Diversion Gates—four 4 ft x 8 ft 
motor-operated sluice gates 

 SEWD diversion structure 

Control flow into the Joint Main Canal and 
SEWD tunnel.  

South Side 
diversion 

 Four 4 ft x 8 ft motor-operated sluice 
gates

Discharge to OID South Main Canal 

FIGURE C-2 
Goodwin Dam 

W092005005SAC/323059/053420006 (APPENDIX C.DOC) C-3



OID WATER RESOURCES PLAN TECHNICAL APPENDIXES 

TABLE C-1 
Goodwin Dam Facility Features 
OID WRP Technical Appendixes 
Facility Feature Description Comments, Notes

SCADA  Remote control on all gates, and flow 
measurement on all three diversions 

Operated by Tri-Dam 

Three primary operational factors related to Goodwin Dam influence OID’s North and 
South Main Canal. These include the prescribed peak diversion flow limits under OID’s 
water rights, terms and conditions governing scheduled changes to OID’s diversion rate 
each day, and the travel time for changes in the diversion flow rate at Goodwin Dam to 
reach the major laterals within OID.  

As described in Water Resources Inventory Technical Appendix B, OID’s total peak 
diversion flow from Goodwin Dam, including both the North and South Main Canals, is 
limited to 908 cubic feet per second (cfs) by their entitlement of pre-1914 water rights shared 
with SSJID. The Joint Diversion Canal has 360 cfs of capacity allocated for the OID’s North 
Main Canal. The South Main Canal’s capacity is approximately 525 cfs. Any long-term 
changes to OID’s main canal operations need to consider both the legal diversion limit and 
the conveyance capacity of each canal.

OID schedules its diversions through Tri-Dam that, in turn, coordinates these flows in 
conjunction with its operation of the upstream hydropower facility at Tulloch Dam and 
Reservoir. Under the terms of a new long-term power-sales agreement with Pacific Gas and 
Electric (PG&E) starting in January 2005, OID and Tri-Dam have incentives to minimize the 
impact of unscheduled short-term changes in OID diversions to hydropower operations. 
The details of that arrangement are beyond the scope of this report, but are summarized 
here in terms of basic OID water scheduling impacts. Scheduling is grouped into “Day 
Ahead” and “Hour Ahead” schedules. The Day Ahead schedule looks out three days for 
planning purposes. The Hour Ahead schedule is for short-term daily operation, and is based 
on a 4-hour advance forecast to PG&E of scheduled flows. OID’s Main Canal inflows are set 
under the Hour Ahead schedule, requiring at least 4 hours notice to Tri-Dam for the flow 
change, in order to avoid possible monetary penalties from impacting power operations.  

Once changes are made to OID’s diversion rates, travel times for the flow changes are about 
3 hours on the South Main Canal to Cashman Dam and 12 hours to the Van Lier Reservoir. 
Travels times on the North Main Canal are about 6 hours to Rodden Lake, and 9 hours to 
the first major flow split at the Burnett and Cometa Laterals head gates. The Tri-Dam 
scheduling limits and the canal travel times essentially require OID to plan approximately 
12 to 16 hours in advance to match system demands and main canal supplies. The use of 
regulating reservoirs, discussed below, assists in managing the daily fluctuations in supply 
and demand.  
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Joint Diversion and North Main Canal 
Overview
The Joint Main Canal supplies the SSJID Main Canal and the OID North Main Canal from 
the Joint Main diversion at Goodwin Dam. The OID North Main Canal supplies about 
22,000 irrigated acres, or 40 percent of OID-served lands. This assessment addresses three 
primary reaches; the Joint Main Canal from Goodwin Dam to the Joint Diversion 
Headworks, the North Main Canal from the Joint Diversion Headworks to Rodden Lake, 
and from Rodden Lake to the end of the North Main Canal at the Burnett Lateral–Cometa 
Lateral split. The three reaches have a combined total length of about 14 miles. These 
reaches are labeled on Figure C-1. 

Joint Main Canal and Joint Diversion Headworks 
The Joint Main Canal conveys water from 
Goodwin Dam to the head of the OID North 
Main Canal and the SSJID Main Canal. The 
Joint Diversion Headworks, shown in 
Figure C-3, controls flows into the two 
canals at the downstream end of the Joint 
Main Canal. The facilities are maintained 
and operated by Tri-Dam. The following 
operation and facility features were noted.

FIGURE C-3 
Joint Diversion Headworks 

The Joint Main Canal has a capacity of 
1,268 cfs total capacity; 360 cfs is 
allocated for OID, and 908 cfs for SSJID.  

Flow control and measurement into the 
Joint Main Canal are controlled and 
monitored via the Tri-Dam SCADA 
system.

The Joint Main Canal is approximately 3.5 miles long and is concrete lined. There are 
three minor tunnels (Copper, Ram, and Gable), and one major tunnel (Long Tunnel). A 
Hazards Identification Study report was completed in April 2005 as part of SSJID’s and 
OID’s ongoing Main Canals and Tunnels Improvements Program. The Hazards 
Identification Report summarized key geotechnical instabilities and potential safety 
hazards. The report identified a range of moderate to severe hazard areas which could 
impact all four tunnels and the intermediate open canal sections. The Hazards 
Identification Report is being used to identify and initiate specific improvements to the 
Joint Main Canal to address the hazards. At the time of developing this infrastructure 
assessment, a specific list of projects had not been generated.  

The Joint Diversion Headworks is located at the downstream end of the Joint Main 
Canal and controls the flow split between the SSJID Main Canal and OID’s North Main 
Canal. Facility features include: 

A motor-operated radial undershot gate on the SSJID branch, which is used to 
control water level for the upstream pool and flow rate into the SSJID Main Canal. 
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Two 54-inch sluice gates on the OID branch are used to control flow into North Main 
Canal. Both the radial and slide gates are remotely controlled and monitored by 
Tri-Dam using SCADA links. A Parshall flume measures flow on the SSJID branch, 
just below the radial gate. North Main Canal inflows are measured below the Joint 
Diversion Headworks, using a Parshall flume just downstream of Tunnel No. 1. Both 
measurement stations are linked to the Tri-Dam SCADA system for remote flow 
control and monitoring.

Both the SSJID radial gate and the OID North Main Canal inlet head gates are 
installed in what appear to be the original concrete structures. 

A minor local turnout to OID’s Frymire Lateral is located immediately upstream of 
the SSJID Main Canal gate. The Frymire Lateral inflows are measured with a 
Parshall flume and remotely monitored and controlled by Tri-Dam staff.  

The Joint Diversion Headworks site is relatively remote, but has a local SCADA 
station, power, and communication links. 

Joint Diversion to Rodden Lake 
This reach of the North Main Canal is about 9 miles long, and includes a stretch of Little Johns 
Creek, several miles of open-channel canal through rolling hill terrain, and the Cape Horn 
Tunnel. This reach is labeled on Figure C-1. There are one lateral and three customer turnouts 
along this reach, but the primary operational use is straight-through conveyance to Rodden 
Lake. This reach of the North Main Canal has short stretches of concrete lining but is mostly 
unlined. Flow monitoring in 1982 estimated seepage losses of about 21 cfs, or 6 percent of peak 
flows. The following are main points of the assessment, from upstream to downstream. The 
summary tunnel condition descriptions are based on the Hazard Identification Study report of 
OID’s ongoing Main Canals and Tunnels Improvements Program.  

Tunnel No. 1 is 10 ft x 7 ft, concrete-lined, 230 feet long, and in general good condition.  

A short, concrete-lined canal reach downstream of Tunnel No. 1 dumps flow into Little 
Johns Creek, via Gaylord Check and Measurement Flume. The Gaylord check includes a 
60-inch undershot gate and a 64-inch flashboard weir used to maintain level for a minor 
16-inch local turnout. The Parshall measurement flume immediately downstream of the 
check is used by Tri-Dam to measure and remotely monitor North Main Canal flows 
below the Joint Diversion. The flume’s close proximity to the Gaylord check structure 
may be reducing the accuracy of the flume site, given the potential for flow turbulence 
below the check.

Downstream of the Gaylord check, the canal flow is dumped into Little Johns Creek and 
conveyed for about 1.5 miles in the natural creek bed to Little Johns Diversion Dam.  

Little Johns Diversion Dam is a 108-foot-long, low-head (approximately 7 feet) concrete 
weir, diversion structure across Little Johns Creek (Figure C-4). The dam pool diverts 
flow into the next reach of North Main Canal. The inlet structure has four 3 ft x 7 ft slide 
gates, which are locally operated with portable motor. A 24-inch center gate in the dam 
is used to release minor flows to the downstream reach of Little Johns Creek. The dam 
was washed out in the 1997 floods and rebuilt. The canal inlet gates are not used for flow 
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or level control, and are only utilized in the 
winter season to isolate the canal. The OID 
operator visits the site about every 3 days 
to clear creek debris from the area of the 
inlet structure. Given the lack of flow 
control and measurement, the mingling of 
canal flows and creek base flow upstream 
of the diversion dam can result in 
uncontrolled inflow to the downstream 
reach of the North Main Canal.  

The North Main Canal then parallels Little 
Johns Creek for about 1.5 miles. This 
unlined reach is excavated in an alluvial 
area. The canal banks and invert have the 
appearance of a creek bed, with extensive 
cobbles and similar creek bed materials. The Ericson (30-inch) and Sonora (36-inch) 
turnouts along this reach are used to spill water to Little Johns Creek for OID customer 
diversion.

FIGURE C-4 
Little Johns Creek Diversion Dam 

The reach paralleling Little Johns Creek ends at Tunnel No. 2. This tunnel is 10 ft x 7 ft, 
concrete lined, 490 ft long, and was determined to be in fair to poor condition. 
Improvements to stabilize Tunnel No. 2 have been completed.  

The next canal reach runs from Tunnel No. 2 to the inlet of the Cape Horn Tunnel. The 
Stockton Spill (two 24-inch gates), is used to divert water to Little Johns Creek for 
conveyance to OID customers who divert the water from Little Johns Creek 
downstream.

Near the upstream portal of the Cape Horn Tunnel, the Tulloch Pipeline head gate 
(24-inch pressure box) controls inflow to the Tulloch Pipeline. A long-crested weir, built 
in 1999, maintains stable water level in the main canal for the Tulloch head gate.  

The Cape Horn Tunnel is 1.3 miles long. The entire tunnel requires extensive repair 
work to stabilize it for continued long-term use. The Cape Horn Tunnel discharges to 
Rodden Lake. 

Rodden Lake to Burnett-Cometa Split 
This lower reach of the North Main Canal is about 6 miles long, and is mostly unlined 
earthen ditch routed through rolling hill terrain. The reach is shown on Figure C-1. There 
are four minor lateral turnouts along this reach, which is primarily used for through-
conveyance to the Burnett-Cometa Laterals split. The following are main points of the 
assessment, from upstream to downstream.  

Flow out of Rodden Lake is measured and controlled using a ramp flume, a depth 
measurement transducer, and motor-operated 6 ft x 9 ft undershot slide gate. A SCADA 
link provides monitoring and control of the Rodden Lake releases from the OID office. A 
new slide gate was installed in early 2005 to improve flow control. The ramp flume was 
not constructed with a level crest and will be reconstructed or modified to correct this 
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FIGURE C-5 
Ramp Flume in Operation 

problem following the 2005 irrigation season. The 
ramp flume, located several hundred feet 
downstream of the outlet works, is shown in the 
photograph Figure C-5. 

The Lesnini Lateral turnout is directly off the east 
embankment of Rodden Dam, with an 18-inch 
pressure box structure. A motor-operated gate 
and SCADA link provide remote control and 
monitoring of the Lesnini Lateral inflow.

The Eaton Lateral turnout (18-inch standard 
pressure box) is located about two miles 
downstream of Rodden, and is manually 
operated.

The Diliberto Drop check structure maintains head on the Diliberto Lateral turnout 
(18-inch pressure box). The check structure includes two 8-ft flashboard bays and a 
60-inch undershot gate. The check and turnout are manually operated.  

Rodden High Line turnout is a 36-inch undershot gate controls flow into the Rodden 
High Line Lateral. This lateral branches off about 100 yards upstream of the Burnett-
Cometa Split. The gate has minimal head drop at high flows, preventing accurate flow 
measurement into the Rodden High Line Lateral.  

Burnett-Cometa Gates are located at the 
downstream end of the North Main Canal, and is 
the first major flow split. A photo of this structure 
is shown on Figure C-6. This is a critical 
operational point in the distribution system as 
flows to the two primary laterals serving the north 
side of OID are set at this junction. Travel time is 
about 3 hours from Rodden Lake. The Burnett 
Lateral gates include two 36-inch manually 
operated undershot gates, with free outfall 
conditions downstream. The Cometa gates include 
three 3 ft x 4 ft manually operated undershot 
gates, with less than 6 inches of drop at high flows, 
which prevents accurate flow rate measurement. 
The long flow time from this control point to the 
next main flow split for Divisions 9 and 10 at the 
Fairbanks/Hirschfeld junction (approximately 
6 miles, or 3 to 4 hours), combined with the poor flow rate measurement condition at 
both the Cometa head gates and at the Hirschfeld-Fairbanks junction, hinders effective 
daily management of canal flows to match system demands in Divisions 9 and 10.  

FIGURE C-6 
Burnett-Cometa Gates 
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Joint Diversion and North Main Canal Summary Needs Assessment 
The following summary findings are noted for infrastructure and operational issues. 
Specific infrastructure improvements recommendations will be presented in the 
Infrastructure Plan Technical Appendix H. 

Joint Diversion Facilities—The Joint Diversion Canal and head gates provide reliable 
operational controls and flow measurement into the North Main Canal. Future 
improvements to the Joint Main Canal and tunnels will be required per the findings of 
the Hazard Identification Report. Implementation of these improvements should restore 
long-term reliable conveyance service for the Joint Main Canal.  

Tunnel Failure Risk—The Cape Horn Tunnel improvements are a critical infrastructure 
need. Significant failure of the tunnel could result in sustained loss of water supply to 
about 40 percent of OID’s service area. Depending on the nature of a future failure, it 
may not be feasible for temporary repair or bypass measures to be completed quickly 
enough to avoid significant crop loss for the season. Conceptual evaluation of 
emergency responses to failure of the tunnel should be developed to identify feasible 
contingency plans that could reduce the impacts of a tunnel failure during irrigation 
season.  

DSO Operations Scope—The North Main Canal and Division 6 operational scope 
includes excessive service area and conflicting levels of operator focus for a single DSO 
to run. One operator per shift monitors the North Main Canal, Rodden Lake, the minor 
laterals (upper Tulloch, Frymire, Diliberto, Eaton, etc.), the individual delivery heads on 
these minor laterals, and the major flow split at the Burnett-Cometa junction. Operator 
focus should be on the North Main Canal, Rodden Lake, and major flow split at Burnett-
Cometa gates. Minor laterals and customer turnouts in Division 6 should be shifted to 
separate operators to allow the North Main Canal operator to focus on the reservoir and 
major flow control points.

Canal Level and Turnout Flow Control—Operational and facility improvements should 
focus on improved flow measurement at the lateral turnouts and main canal water level 
control to keep turnout flows stable; automation of remote minor turnouts that require 
disproportionate operator time to access; improvements to areas with relatively large 
number of small parcels (Frymire, Tulloch Pipeline, etc.) to minimize operator time and 
attention in these areas (new pipelines, metered turnouts, modified delivery policies). 
Improvements could include the following: 

Replace Frymire Lateral with gravity flow, pressurized pipeline, flow meters and 
valves at the Frymire-Knights Landing control box to allow accurate flow 
measurement and control  

Replace Diliberto Drop check structure with long-crested weir for stable canal levels 

Replace Ericson, Sonora, and Stockton Diversion structures with automated overshot 
gate for remote control of flows 

Install motor-operated, automated gate at Tulloch Pipeline head gate  
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Canal Channel Maintenance—The North Main Canal runs for 9 miles through variable 
terrain and soils conditions. Similar to most earthen canals, steady loss of bank materials 
due to normal flow erosion and maintenance actions has caused widening and loss of the 
design channel cross section. Refer to Figure C-7 for representative channel conditions. This 
increase in channel cross section can lead to inefficient channel hydraulics (slower velocity, 
increased travel time, higher seepage losses), encroachment on the canal’s easement limits 
and/or loss of acceptable maintenance access along the canal banks, and increased risk of 
bank failure in areas cut into significant side slopes. The primary long-term operations and 
maintenance (O&M) issue for the North Main Canal’s open channel reaches is the 
development of an affordable strategy for maintaining 
the canal prism to provide efficient hydraulics, reliable 
bank stability, and reasonable access for O&M activity. 
Limited observation of operating conditions indicates 
that velocity is relatively high due to the overall 
gradient, reducing concerns with sluggish flows 
impacting travel times. Bank stability and O&M access 
within the canal right-of-way is likely to be a more 
critical long-term maintenance issue.  

Burnett-Cometa Gates—This downstream end of the 
North Main Canal is a critical operational point. The 
existing structure does not provide accurate flow 
measurement or responsive flow controls. These 
deficiencies are impacting operations downstream to 
the Fairbanks and Hirschfeld Laterals, and are likely causing compounding short-term 
operating problems (supply/demand imbalance) in Divisions 9 and 10. Replacement of 
this entire structure to provide improved water level control, flow control, and 
measurement is recommended. This recommend project is further described in the 
Infrastructure Plan Technical Appendix H. 

FIGURE C-7 
North Main Canal Typical Channel 

Use of Little Johns Creek for Conveyance—The use of the 1.5-mile reach of creek bed to 
convey Joint Main Canal flow has three potential long-term issues: potential high 
conveyance losses, poor operational and flow measurement capability at the diversion 
dam where flows reenter the canal, and risk of future flood damage from high winter 
creek flows. 

Conveyance Losses—Relatively short reaches along the 9 miles of the North Main Canal 
may be causing excessive seepage losses, such as the 1.5 mile reach downstream of Little 
Johns Creek, where the canal parallels the creek. Detailed evaluation of these local reach 
losses would allow more robust evaluation of cost-benefit impacts for improvements 
such as canal lining.

Rodden Lake 
Rodden Lake provides operational storage for daily flow changes in the North Main Canal 
(see Figure C-1). The dam and reservoir are built in a natural draw in the upper basin of 
Lesnini Creek. Table C-2 lists the facility features and a photo of the dam is shown on Figure 
C-8. The original dam was constructed around 1916 and expanded in 1932. Flow rate change 
travel time is about 6 hours from Goodwin Dam, and 3 hours from Rodden Lake to the flow 
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split at the Burnett-Cometa Gates. The Cape Horn Tunnel 
discharges into the reservoir, and the North Main Canal is 
the only normal outflow. The main issues noted in the 
assessment for Rodden Lake include the following. 
Recommendations to address these issues are presented in 
the Infrastructure Plan Technical Appendix H. 

Rodden Dam’s existing capacity, condition, and 
operational water level limits severely restrict its use for 
regulating North Main Canal flows and balancing short-
term supply-demand mismatch. The State of California 
Department of Dam Safety (Dam Safety) imposed a 
water level limit of 238 feet (local datum), which is 
about 2 feet above the original earthen dam crest. This 
equates to an operational pool of less than 100 ac-ft.  

The recently constructed ramp flume for outflow 
measurement needs to be modified or replaced with a 
level crest slab to provide accurate flow measurement. 
The flow signal from this flume is used in conjunction 
with the motor-operated undershot gate to control flows out of Rodden Lake.  

The recently installed motor-operated gate has had problems with battery power (larger 
solar panels have been installed), and occasional erratic operation such as gate opening 
without operator initiated signals to the gate controller. OID operations staff are 
working with the SCADA controls vendor to address these items.  

Recent annual Division of Dam Safety inspections have noted minor items such as concrete 
crack repairs, vegetation and rodent control on the downstream earthen embankment face, 
and the possible need for improved seepage drainage collection and monitoring.  

TABLE C-2 
Rodden Lake and Dam Facility Features 
OID WRP Technical Appendixes 
Facility Feature Description Comments, Notes

Dam Structure  Combination earth fill and concrete buttress crest. 

 322-foot-long crest  

 25-foot-tall original earth embankment 

 12-foot-tall concrete buttress crest structure 

 Under California Division of Dam Safety Jurisdiction  

Original earth embankment 
construction in 1916 at same time 
as original Cape Horn Tunnel. 
Concrete buttress crest added to 
earth dam in 1932-33.  

Outlet Controls  North Main Canal: 6-by-9-foot aluminum undershot 
gate, motor operated. 

 Lesnini Lateral: motor-operated 3-by-3-foot gate 

Outlet to North Main Canal 
controlled via SCADA from OID 
office, combined with flow 
measurement downstream at ramp 
flume.

Overflow channel discharges to 
Lesnini Creek.  

FIGURE C-8 
Rodden Dam 
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TABLE C-2 
Rodden Lake and Dam Facility Features 
OID WRP Technical Appendixes 
Facility Feature Description Comments, Notes

Key elevations 
(1929 NAVD) 

 Original Maximum WSE: 245.3 

 Outlet channel invert: 226.2 

 Current water level limit: 238.0 

 Operational drawdown range: approximately 7-8 feet  

Operational pool now limited to 
about 7 to 8 feet, from upper water 
level limit to bottom of slide gate, 
assuming 1-2 feet minimum head 
on gate for controlled release.  

Estimated
Operational 
Volume 

 Approximately 100 ac-ft for water level limit of 238.0 

 Original Reservoir Capacity: 380 ac-ft  

South Main Canal 
Overview
The South Main Canal supplies the southern portion of the OID service area. The canal’s 
overall length from Goodwin Dam to Van Lier Reservoir is approximately 20 miles. This 
canal and the reaches described are shown on Figure C-9. The OID South Main Canal 
supplies about 32,000 irrigated acres, or 60 percent of OID lands. The canal has a capacity of 
approximately 525 cfs. This conveyance facility assessment addresses three primary reaches; 
Goodwin Dam to Cashman Dam, including the Stanislaus River canyon reach; Cashman 
Dam to Van Lier Reservoir, where the canal is routed primarily through rolling hill terrain; 
and Van Lier Reservoir to the end of the South Main Canal at the Brichetto-Claribel Gates.  

Goodwin Dam to Cashman Dam 
The South Main Canal is supplied from the control gates at the south abutment of Goodwin 
Dam, as described previously. This canal reach is approximately 10 miles long, with the 
upper 4 miles located in steep canyon wall terrain along the south bank of the Stanislaus 
River. The lower 6 miles runs through rolling to steep foothill terrain. There are 9 tunnels, 
1 siphon, 1 flume, and various minor turnout structures along the 10-mile reach. Flow 
change travel time from Goodwin Dam to Cashman Dam is approximately 3 hours.  

The potential catastrophic failure of a tunnel or canal section in the canal reach from 
Goodwin Dam through Tunnel No. 9 is the most critical issue for the South Main Canal. A 
failure in one or more of these areas would cause loss of water supply to 60 percent of the 
OID service area. The 2003 Hazards Identification Report evaluated this reach and noted 
key areas of severe hazards and likely future failures due to canal bank and tunnel 
structural conditions. The 2004 Improvements Project Report presented recommended 
improvements to the tunnels and open channel reaches in the river canyon. The following 
summary is based on OID’s Main Canals and Tunnels Improvements Program findings and 
the current status of improvement efforts.
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Goodwin Dam to 2-Mile Bar 
This reach includes Tunnels 1 through 6, which range from 100 to 1,500 feet long. The 
tunnels are mostly unlined, except for the inverts, and are approximately 10 ft x 14 ft 
square. The tunnels have significant leakage, with unstable rock both inside the tunnels 
and at the portals. The tunnel conditions were rated mostly poor, with severe hazards 
noted due to unstable rock conditions. A repaired section of this reach is shown in 
Figure C-10. 

The open canal reaches are mostly built on dry stack rock wall fill on the downslope 
side, and lined along the invert and outside wall with shotcrete. There are multiple areas 
with slope failure occurring due to slope creep, and significant leakage and piping of 
subgrade materials.

2-Mile Bar to Tunnel No. 9 
This reach includes the most unstable open canal sections, due to historic land slide 
conditions that the canal was built upon. Dry stack rock downslope embankments are 
located on underlying unstable loose slopes. A completely new tunnel to bypass the reach 
from downstream of 2-Mile Bar to just upstream of Tunnel No. 7 is under evaluation.

Tunnels No. 7 and 9 were both determined to have severe hazards and unstable 
conditions at the portals and along the tunnel interiors. Tunnel No. 7 is 450 feet long, 
and passes under Highway 108/120. Repairs to Tunnel No. 7 were completed during 
2004. Tunnel No. 9 is approximately 7,000 feet long. A middle segment about 1,100 feet 
long is lined. The remaining 5,900 feet of unlined tunnel is in poor condition. About 
one-third of the required repair work to Tunnel No. 9 has been completed in the past 
year.

FIGURE C-10 
South Main Canal Upstream of Tunnel No. 1 

The Willms Siphon is located between 
Tunnels No. 8 and 9, and conveys the 
South Main Canal across the Willms 
Creek drainage. The structure is a 
10-foot-diameter, cast-in-place, inverted 
siphon pipe approximately 700 feet 
long. There has not been a structural 
evaluation of this siphon. It has visible 
cracks and leakage during normal 
operations. A rectangular open channel 
concrete flume is located in this reach, 
and also has not been evaluated for 
structural integrity. A structural 
inspection and development of repair 
options is expected to be completed in 
2005.  

Recent Repairs and Proposed Improvements to Canyon Reach and Tunnels 
OID completed about $6 million in emergency repairs in 2004 to improve the most severe 
hazard areas, including Tunnel No. 7. OID’s Main Canals and Tunnels Improvements 
Program developed long-term improvement alternatives in a second report issued in 
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August 2004. The recommended alternative includes stabilizing the worst open channel 
reaches with an in-canal retaining wall and upslope lining, and a new 3,600-foot tunnel to 
bypass existing open canal reach along the most unstable slopes below 2-Mile Bar. The 
estimated construction cost is $13 million. Tunnel No. 9 requires an additional $6 million in 
lining improvements.  

Cashman Dam 
The South Main Canal is routed in the 
seasonal stream bed of Cashman Creek for 
several thousand feet, just upstream of 
Cashman Dam. Cashman Dam is a low head 
diversion structure that diverts the canal flow 
from the creek channel into a separate channel 
below this point (Figure C-11). The pool 
maintains the head on the Paulsell Lateral 
turnout. The dam is approximately 9 feet high 
by 65 feet long. Three 5 ft x 6 ft manually 
operated undershot gates on the north bank 
control flow into the downstream reach of the 
South Main Canal. The Paulsell Lateral gate is 
a manually operated 18-inch pressure box 
structure. A 24-inch canal gate in the center of 
the dam is used to spill water to the 
downstream reach of Cashman Creek. A 
SCADA station monitors water level in the 
diversion pool, but does not provide remote control of any gates. The functional purpose of 
the dam is water level control for a the turnout to the Paulsell Lateral, which serves just 
1,400 acres.  

FIGURE C-11 
Cashman Dam 

The primary findings of the Cashman Dam assessment follow.  

The site is relatively remote, and requires local manual operation for both the main canal 
gates and the Paulsell Lateral gates. Water level is the only remotely monitored 
parameter. Levels in the pool fluctuate with changes in the South Main Canal flow, 
which in turn causes unintended variation in the Paulsell Lateral inflows. The pool 
water level data does not provide reliable flow rate monitoring for the South Main Canal 
given the use of undershot control gates without any downstream water level 
monitoring to track differential head across the structure.  

Peak flows into the Paulsell Lateral are about 25 cfs, or about 5 percent of the main canal 
flows. The Paulsell Lateral’s primary service area is over 5 miles away, served via an 
entirely unlined ditch. The length and condition of this ditch, along with local manual 
gate controls, may cause significant time lags for flow changes required due to customer 
needs in the Paulsell service area.

The pool area requires seasonal maintenance to remove vegetation and sediment and to 
repair damage to the earthen banks from winter flows in Cashman Creek. The dam’s single 
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24-inch center gate for bypassing creek flows during the winter season is likely too small to 
pass high flows in the creek, causing the pond area to fill and flow over the dam crest.  

Cashman Dam to Van Lier Reservoir 
This reach is approximately 10 miles long. Lateral turnouts include the Gray Pipeline, 
Clavey Pipeline, Adams 1 Pipeline, Adams 2, and Kearney Lateral. There are also several 
minor direct service turnouts. Approximately 30 percent of the South Main Canal’s total 
supply is distributed along this reach. Peak flows vary from about 500 cfs below Cashman 
Dam to about 320 cfs at the downstream terminus into Van Lier Reservoir. Total flow 
change travel time from Goodwin Dam to Van Lier Reservoir is about 12 hours. The 
following are main points of the assessment, from upstream to downstream.  

Canal Conditions—This canal reach is mostly unlined, cut in varying conditions of 
hardpan overlain with softer topsoil. Bank geometry is widely variable due to changing 
soil conditions and lack of reshaping maintenance. Invert widening with progressively 
steeper side slopes and local bank collapse are apparent in many areas, due to bank 
erosion. Canal bank damage from livestock occurs along unfenced areas where adjacent 
land is used for cattle grazing. The variable channel conditions and bank roughness are 
likely resulting in reduced hydraulic efficiency and possibly increased seepage loss from 
the enlarged cross sections. Maintenance access is typically from one side only. 

Gray Pipeline Turnout—The Gray Pipeline turnout is located about 3 miles below 
Cashman Dam. Inflow is controlled with a manually operated 30-inch Waterman gate. 
Flow measurement using this gate position is likely not reliable if there is varying water 
level in the pipeline on the downstream side of the gate. Variable main canal levels 
would also cause uncontrolled flow changes at this turnout.  

Clavey Drop and Pipeline Turnout—The Clavey Drop checks the South Main Canal for 
diversion into the Clavey Pipeline. The drop structure includes two 4-foot and one 
7.5-foot flashboard weirs, and a 42-inch square undershot gate. The concrete structure is 
visibly degraded with severe cracking and spalling. The Clavey Pipeline inlet is a 
manually operated 54-inch pressure box structure, with 35 cfs maximum flows. 
Operators have problems with public access to the Clavey Drop, including changes to 
board positions. It is likely that flows into the Clavey Pipeline vary with flows in the 
South Main Canal due to the mix of under- and overshot flows at the check.  

Adams 1 Pipeline Turnout—The Adams 1 turnout is a manually operated 48-inch 
pressure box structure, in good condition. Main canal water level is not locally regulated 
by a cross check structure. The nearest downstream control structure is the weir inlet to 
Van Lier Reservoir, which is about 1.5 miles downstream. Canal level variation probably 
causes unplanned changes in the turnout flows.  

Adams 2 Pipeline Turnout—The Adams 2 turnout is a manually operated 20-inch 
pressure box structure, in good condition. The nearest downstream control structure is 
the weir inlet to Van Lier Reservoir, which is about 500 feet downstream.  

Kearney and Heggie Lateral Turnouts—These two turnouts are located immediately 
upstream of the Van Lier Reservoir inlet weir, which maintains stable water levels. The 
Kearney head gate is a manually operated 26-inch gate. The Heggie head gate is a 
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30-inch Waterman gate. Flow control into these laterals should be relatively stable with 
the water level benefits of the downstream long crested weir (see Figure C-12). However, 
both have poor flow rate measurement conditions at the head gates.  

FIGURE C-12 
Inlet to Van Lier Reservoir 

Van Lier Reservoir to Brichetto-Claribel Gates  
This final reach of the South Main Canal is 
approximately one mile long. Releases from Van Lier 
Reservoir are distributed to the South, Riverbank, 
Brichetto, and Claribel Laterals along this reach. 
Outflows from Van Lier Reservoir are remotely 
controlled via a SCADA link, and managed to match 
the combined demands on each of these lateral head 
gates. This reach is a key operational point in the 
overall distribution system, with about 50 percent of 
the South Main Canal’s flow turned out. The 
following are the main points of the facility 
assessment.  

This 1-mile canal reach is in variable condition. 
The portion immediately downstream of Van Lier 
Reservoir is concrete lined and was reconstructed 
as part of the reservoir project. Portions of the 
remaining unlined canal have been degraded by 
livestock damage and relatively high flow velocity 
due to the canal gradient.  

Each of the four main lateral head gates in this 
reach are manually operated. All have poor flow 
measurement capability due to factors such as 
combined overshot and undershot gates, and 
variable upstream water levels. The reservoir 
releases to this reach are operated based on 
upstream control, with releases based on the 
requested and measured flows at the four head 
gates.

South Lateral Head gate—This structure has two 
36-inch square manual undershot gates and a 3-ft 
overshot flashboard weir. Inflow to the lateral varies with changes in flow and level on 
the South Main Canal, particularly with the overshot weir boards. 

FIGURE C-13 
Riverbank Head Gate 

Riverbank Lateral Head gates—This structure has two manually operated 48-inch 
undershot gates. The structure condition is poor, as shown in Figure C-13.  

Brichetto-Claribel Lateral Head gates—This structure is located at the end of the South 
Main Canal. The two lateral head gates are in a common structure. The concrete 
structure is in poor condition and is shown on Figure C-14. The Claribel Lateral gate has 
a combination of a 48-inch undershot gate and a 5-foot overshot weir. The Brichetto 
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Lateral has a 36-inch undershot gate with a 3-foot overshot weir. The gates are all 
manually operated. 

South Main Canal Summary Needs Assessment 
The following summary findings are noted for 
infrastructure and operational issues.

Tunnel and Canyon Sections Failure 
Risk—The tunnel and canal section repairs 
evaluated in OID’s Main Canals and 
Tunnels Improvements Program are critical 
needs. A canal section failure in the canyon 
reach, or a tunnel failure would cause 
almost complete loss of service to 60 
percent of OID service area. The impacts of 
the service interruption would vary 
depending on the time of year and duration 
of shutdown. Conceptual evaluation of 
emergency responses to failure of either 
canal or tunnel should be done to identify 
feasible contingency plans that could reduce the impacts of a canal or tunnel failure 
during irrigation season.  

FIGURE C-14 
Brichetto-Claribel Head Gates 

Cashman Dam—Cashman Dam’s current structure and gate features require excessive 
O&M resources for a relatively minor lateral turnout, and are not designed to provide 
stable flow and level control to this remote area. The facility should be modified to 
provide reliable, automated flow control into the Paulsell Lateral and stable water levels 
at the turnout. Key features would include a long-crested weir on the South Main Canal, 
a modified winter season spill structure, a motor-operated control gate and 
measurement flume for the Paulsell head gate, and expanded local SCADA to provide 
remote monitoring and flow control. 

DSO Operations—The South Main Canal and Division 1 operational scope includes 
excessive service area and conflicting levels of operator focus for a single field staff. One 
operator per shift monitors the South Main Canal, Van Lier Reservoir, several remote 
turnouts, and several main lateral turnouts. Operator focus should be on the South Main 
Canal, Van Lier Reservoir, and the primary lateral head gates.  

Main Canal water level and Lateral Head gate Flow Control—Each of the lateral head 
gates off the South Main canal require manual setting and are subject to flow variations 
with changes to canal levels.  

Canal Channel Maintenance and Access—The lower 15 miles of the South Main Canal 
require a similar strategy to that outlined for the North Main Canal, to develop an 
affordable channel maintenance and right-of-way clearing program.  

Operations Strategy for South Main and Van Lier Reservoir—Discussions with DSOs 
and Supervisor staff indicate that the operations strategy for coordinating daily flow 
controls between Goodwin Dam releases, the various lateral turnouts, and Van Lier 
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Reservoir is being developed on a trial-and-error basis. A more consistent, objective 
operating strategy is needed to guide operator practices for the system, and to provide 
the most benefit from Van Lier Reservoir. 

Conveyance Losses—Total conveyance losses along the 20 mile South Main Canal were 
estimated to be 14 percent during maximum flow conditions, based on flow monitoring 
tests in the early 1980s. Updated flow monitoring should be done to verify current 
seepage loss rates and help determine potential benefits to improving any high-loss 
areas.

Van Lier Reservoir 

FIGURE C-15 
Van Lier Reservoir and Inlet Structure 

Facility Features and Operations Summary 
The Van Lier Reservoir is located near the 
downstream terminus of the South Main 
Canal as shown on Figure C-1, and regulates 
flow mismatches between downstream supply 
and demands. The reservoir was constructed 
in 2002. Table C-3 lists the key facility features 
and Figure C-15 is a photo of the reservoir 
looking south towards the reservoir outlet. 
Flow rate change travel time is about 12 hours 
from Goodwin Dam. The reservoir can 
regulate flow to laterals that serve 
approximately 50 percent of OID’s total net 
irrigated acreage. The main issues noted in the 
assessment for Van Lier Reservoir include the 
following:

The Van Lier Reservoir is well located and sized to provide effective daily flow 
regulation for the areas downstream. The proximity of four primary lateral head gates 
within 1 mile downstream of the reservoir and the travel time of 12 hours from 
Goodwin Dam make the location well suited for equalizing flows between Goodwin 
releases and the main demand areas. 

The operational volume, assuming only 50 percent of the gross volume is used, is 
sufficient to release or absorb a 25 percent mismatch in peak downstream flows for 
24 hours. Using the 12 hour travel time from Goodwin Dam as the basis for maximum 
daily mismatch duration, the same volume allows management of up to 50 percent of 
peak flows. 

No significant facility improvements are required to Van Lier Reservoir. However, a 
more consistent operating scheme should be developed to guide daily operations and 
ensure maximum benefit from the reservoir. Discussions with operations staff indicated 
that the current operating objective is to maintain steady levels, using the reservoir 
mostly for flow through. Selecting a specific, potentially lower, normal operating level 
and exercising the full volume of the reservoir could significantly increase the daily 
operational benefits from the reservoir.
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TABLE C-3 
Van Lier Reservoir Facility Features 
OID WRP Technical Appendixes 

Facility Feature Description Comments, Notes

Dam Structure  Earth embankment, 15 foot typical 
height.  

 29 acres total site area 

Impervious fill layer and 
shotcrete surface on water-side 
of embankment.  

Inlet and Outlet Controls  Long-crested inlet weir for upstream 
canal level control 

 Outlet: Two 54-inch motor-operated slide 
gates

 Broad-crested weir measurement flume 
and lined canal downstream 

Long-crested weir maintains 
steady head on upstream 
lateral turnout gates.

SCADA link for remote 
monitoring and control of outlet 
flows, reservoir level.  

Key elevations   Maximum WSE: 228 

 Reservoir invert: 218 to 214 

 12 feet total operating level change, +/-
6 feet for normal operating range.  

2 feet of freeboard typical.  

Operational Volume  Total Reservoir Capacity: 270 ac-ft 

 Storage for 140 cfs net inflow or outflow 
for 24 hours 

300 cfs is maximum normal 
total outflow.  

Primary Distribution System 
Overview
OID’s distribution system is a combination of unlined earthen ditches and low head pipelines 
which distribute the flows from the North and South Main Canals to OID’s customer turnouts. 
The system spans the approximately 73,000 acres of OID service area, and includes about 
300 miles of distribution laterals. There are approximately 100 miles of low head gravity flow 
pipeline and 200 miles of open ditches. There are short sections of lined canals, but most open 
ditches are unlined earth channels. The distribution system was originally laid out to serve 
160 acre parcels, delivering water to the high point of each quarter section of land.  

The assessment of the distribution system is based on (1) field inspections of typical laterals 
under both dry and operating conditions, (2) review of OID facility maps, (3) development 
of a project GIS map from the OID CAD mapping, (4) review of recent water distribution 
operations records and canal structure inventory binders, and (5) discussions with OID 
operations and engineering staff regarding operating practices, repair, and maintenance 
issues. The assessment is organized into four topics; pipelines, open ditch laterals, flow 
control and measurement structures, and LSAs. 
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Pipelines
OID began installing low head pipelines to replace open ditches in the 1950s. The purpose in 
most cases was a combination of reduced maintenance for vegetation control, preventing 
seepage losses, and improving access or use of lands which were otherwise restricted due to 
the open ditches. OID undertook a major improvement program in the 1980s, under the 
USBR PL-984 program, and installed over 40 miles of low head pipelines, of which about 
80 percent were cast-in-place (CIP) pipe. The existing pipelines include a range of materials, 
but the most common is CIP pipe, followed by low head pre-cast concrete pipe. In recent 
years, PVC pipe has also been used for some pipeline replacement projects. Figure C-16 
shows the locations of existing pipelines. The following are the key findings from the 
assessment of the existing pipeline laterals.  

Operating Conditions—The pipelines typically branch off an open ditch, and follow the 
same routes as the open laterals they replaced. For this reason, the pipelines rely on the 
existing topography and grade to set the slope. This results in a typically low head 
operating condition (typically less than 10 feet), with flow control via head gates off of 
open ditches which supply the pipelines and box structures located along the pipelines, 
and fitted with slide gates and over-flow weirs. A discussion of the operation of the flow 
control and measurement structures follows.  

CIP Pipe Replacement—The extensive use of CIP pipe, and subsequent service and 
repair issues, is the primary problem with the existing pipelines. CIP pipe has been 
widely used for over 70 years, but is in 
declining use due to the relatively short service 
life and need for regular inspections and 
repairs. CIP pipelines throughout OID’s 
system, including the relatively newer 
(30 years old) PL-984 projects, have been failing 
at an increasing rate. OID no longer installs 
CIP pipe, and replaces most reaches during 
repairs with low head pre-cast concrete pipe. 
Problems have been noted with widely varying 
wall thickness, extensive cracking, and poor 
sealing of construction joints, based on 
excavated sections of CIP pipe being replaced. 
The amount of CIP pipe still in use is uncertain, 
but is approximated based on existing records 
to include at least 50 to 75 miles of pipelines. 
The frequency of CIP pipe failure is increasing 
in recent years, based on OID maintenance 
records, and requires significant staff and equipment resources for the repair and 
replacement work. A typical degraded CIP pipe is shown in the photo on Figure C-17. 

FIGURE C-17 
Typical Degraded CIP Pipe 

Right-of-way and Easement Encroachment—Access along OID’s right-of-way for 
normal operations, maintenance, and repairs is severely restricted along much of the 
pipeline reaches. Adjacent land owners have encroached upon the rights-of-way and 
easements with crop areas, buildings, fences, and other obstacles. The restricted access 
delays and hampers operations and maintenance. Delay or lack of regular maintenance 

C-22 W092005005SAC/323059/053420006 (APPENDIX C.DOC) 



City of
Oakdale

MODESTO RESERVOIR

WOODWARD RESERVOIR

TULLOCH LAKE

RODDEN LAKE

LEGEND

NORTH AND SOUTH MAIN CANALS

LATERAL

PIPELINE

OID SERVICE AREA

OID SPHERE OF INFLUENCE

0 2.25

Miles

Existing OID Pipelines and
Open Ditch Laterals

OID WRP Technical Appendixes

Figure C-16

SAC \\GLACIER\SACGIS\OAKDALE_ID\MXD\INFRA_ASS_TM\TECH_APPENDIXES\PIPELINE_DITCH_LATERALS.MXD 12/07/2005 15:19:50



APPENDIX C: INFRASTRUCTURE ASSESSMENT 

and repair activity in turn allows minor problems to eventually become more severe 
when finally addressed, increasing the cost and difficulty of repair or replacement work. 
An evaluation by OID staff showed that approximately 60 percent of the overall lateral 
system (both pipelines and open ditches) has severely restricted access due to 
encroachment by adjacent land owners. 

FIGURE C-18 
Urban Encroachment on Agricultural Land Use 

Urbanization—Urbanization around the 
City of Oakdale will impact a significant 
portion of OID’s pipeline laterals over the 
next 10 to 20 years. An example of typical 
urban encroachment is shown in the photo in 
Figure C-18. Approximately 26 miles of the 
existing pipelines are located in areas that 
will be impacted by conversion of 
agricultural lands to urban development. 
Pipelines in these areas may no longer be 
needed if the service area is lost, or may be 
replaced/relocated by developers or others 
as needed to accommodate the proposed 
urban development. The timing and impact 
of proposed development should be 
considered in the prioritization of the CIP 
pipe replacement activity and options for 
repair versus replacement.  

Open Ditches 
Approximately two-thirds of the OID distribution system consists of unlined earthen 
channels. These range in capacity from 90 cfs down to 5 cfs or less. Except for short lengths 
where lining is placed for erosion controls, most of the open ditches are unlined. The 
following are the key findings from the assessment of the existing ditches. 

Bank Erosion—Most of the observed ditches 
were extensively eroded, with irregular bank 
and invert geometry. This is due to a 
combination of flow velocity (steep 
gradients), soil conditions, livestock damage, 
and maintenance practices which have 
caused gradual widening and loss of design 
cross sections. In some areas, this results in 
slow moving, oversized channels that foster 
increased aquatic weed growth and slow 
channel response times. Loss of access on 
one or both banks also results from 
increased canal top width. A typical channel 
with bank erosion is show in Figure C-19. 

FIGURE C-19 
Typical Bank Erosion 

Access—Similar to the conditions for 
pipelines noted above, the majority of the 
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open ditches do not have adequate access on either or both sides for operations and 
maintenance activity. This leads to delayed or uncompleted maintenance, which in time 
exacerbates the poor channel conditions. 

Vegetation Control—OID uses herbicides such as Magnacide to control aquatic weed 
growth in the canals and laterals. In accordance with regulatory requirements, discharge 
of the treated water must be minimized following the treatment period. The period of 
herbicide applications needs to be coordinated with canal flows, customer delivery, and 
use of the reservoirs and reclamation drains in order to minimize end-spills prior to the 
break-down period for the herbicides. This can sometimes lead to temporary restrictions 
on lateral flows as the DSOs try to balance the need to minimize inflows and any spills, 
yet meet the varying irrigation demands along each lateral. 

Safety Hazards—In areas adjacent to relatively busy roads, the OID open ditches are 
located close to the edge of narrow shoulders and have open access to the general 
public, creating a potential safety issue. Some accessible open ditch reaches that include 
flow control or drop structures, major flow splits, or transitions into pipelines provide 
potentially significantly higher safety risk to the public. Examples include the head of 
the Tulloch Lateral near 28 Mile Road and the Stowell Lateral parallel to Claribel Road.  

Distribution Laterals Flow Control and Measurement 
The OID distribution system includes a range of flow control and measurement structures 
to manage lateral flows from about 90 cfs down to 10 cfs or less. For the purposes of this 
evaluation, the structures are grouped into main lateral head gates, sub-laterals head gates, 
and customer turnouts. Flow measurement on the North and South Main Canals is 
addressed separately under that evaluation section. Main lateral head gates typically control 
flows at major junctions, with flows of 40 cfs to 90 cfs in each branch. Sub-lateral head gates 
typically control flows into a single sub-lateral, either a pipeline or open ditch, with flows of 
20 cfs to 40 cfs. Over 30 main lateral and sub-lateral structures were evaluated, along with 
various minor structures and customer turnouts. The various structures, gates, and related 
appurtenances all are used for one or more of the following three functions: flow 
measurement, flow control, and water level control.  

Virtually all of OID’s distribution system relies on a combination of manually operated 
undershot gates and wooden flashboard (weir) bays for flow control and measurement. 
There are no fixed weirs for measurement, and only two ramp-type flumes which are used 
on the North and South Main Canals for reservoir outflow measurement. There are only two 
long-crested weirs used for water level control on laterals, in addition to the North Main 
Canal’s long-crested weir upstream of the Cape Horn Tunnel. No propeller-type meters are 
used on pipelines, turnouts, or open channel culvert pipe segments.  

Main Lateral Structures 
The main lateral structures are used to control flows into a specific operational Division or 
large portion of a Division, and are key flow control and measurement structures for hourly 
and daily operations. The structures typically utilize a combination of rectangular undershot 
shop gates (“slide gates” and “sluice gates”) and flashboard weirs. The size, number, and 
configuration of the gates and weir bays vary, but most are operated in a common manner 
and have the same general pros and cons. All of OID’s main lateral flow control structures 
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are manually operated. The following summary of typical methods and operational issues is 
applicable to most or all of the main lateral structures, to varying degrees. Table C-4 lists 
summary information for typical main lateral flow control and measurement structures. 
Critical flow control structures recommended for replacement are noted.  

TABLE C-4 
Summary Information for Typical Main Lateral Flow Control and Measurement Structures 
OID WRP Technical Appendixes 

Lateral Description Assessment 

North Side 

Tulloch Pipeline 32-inch front gate with 24-inch back 
gate

Good water level control at site 

Substantial O&M effort to make flow 
rate changes because of remote 
location 

Burnett-Cometa Head gates Burnett: Two 36-inch slide gates 

Cometa: Three 3-by-4-foot slide 
gates, 48-inch flashboard check 
bay 

Poor flow control and flow 
measurement at high flow 

This is a key control structure—
replacement recommended 

Burnett-Tulloch Split Tulloch: 3-by-3-foot slide gate 

Burnett: 60-inch slide gate, 7-foot
flashboard bay 

Safety hazard from open ditch with 
steep banks and hazardous flow 
conditions 

Poor water level control 

Drop 8 (to Fairbanks)—Lower 
Cometa Split 

Drop 8: 58-inch flashboards with 
36-by-36-inch slide gate 
combination 

Lower Cometa: 36-inch pressure 
box inlet to pipeline 

Poor flow measurement 

Slow water response time 

Hirschfeld-Fairbanks Split Hirschfeld: 30-foot long-crested 
weir with 36-inch undershot gate 

Fairbanks: 36-inch underflow gate 
to pipeline 

Attempting flow control over the long-
crested weir, which is typically a poor 
operational strategy 

Rodden High Line 36-by-36-inch slide gate Poor flow measurement at high flows 
because of small head differential 

South Side 

Cashman Dam/Paulsell Lateral South Main head gates: Three 5 
inches wide by 6 feet high 

Cashman Creek Spill: 36-inch 
sluice gate 

Paulsell: 24-inch head gate 

Substantial O&M effort to make flow 
rate changes and/or flow 
measurements because of remote 
location 

Poor flow measurement 

Clavey Drop Clavey Pipeline: 42-inch slide gate 
inlet

Substantial O&M effort to make flow 
rate changes because of remote 
location 

South Two 36-inch slide gates and one 
34-inch weir 

Underflow for both the lateral and the 
main canal 

Riverbank Two 48-inch slide gates and one 
58-inch weir. 14-inch slide gate 
drains South Main Canal in winter 

(12-inch slide gate for winter 
drainage) 

Claribel One 48-inch slide gate and one 
58-inch weir 

(12-inch slide gate for winter 
drainage) 
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TABLE C-4 
Summary Information for Typical Main Lateral Flow Control and Measurement Structures 
OID WRP Technical Appendixes 

Lateral Description Assessment 

Brichetto One 36-inch slide gate and one 
36-inch weir 

South/Palmer 36-inch square undershot gate and 
36-inch overshot flashboard weir, 
side by side 

Marginal flow control 

Poor flow measurement 

Crane Just downstream of the Hershey 
plant; two square gates off the 
Riverbank feed, a 40-inch-diameter 
concrete whirlpool, which is the 
head of the Crane pipeline.  

Hershey drop structure needs 
frequent adjustment 

Flow Measurement and Control—Flow measurement for undershot gates is estimated using 
water level (differential head) and gate position (area of the rectangular opening) 
information. Water level is determined from fixed or portable staff gages, with measurement 
take an upstream and downstream of the gates in most cases. Where free outfall conditions 
exist (no submergence on the downstream gate face), no downstream measurement is taken. 
DSOs use the gate position, determined by stem height or number of turns, with standard 
charts to determine the gate’s open area. The open area and differential head are then used to 
lookup the estimated flow using standard charts. Flow measurement over the weirs is 
estimated using portable weir sticks or staff gages. Flow is controlled primarily by adjusting 
the gate positions, with adjustment of flashboard weir heights if needed, to provide the 
desired flow rate based on the flow measurement methods described. 

Water Level Control—Water level, which 
determines the head on the gates and weir 
boards, is controlled using cross check 
structures (usually flashboard bays combined 
with undershot gates). At junctions where flow 
control is desired for each branch, where two 
divisions or separate laterals split, water level is 
controlled in the pool by adjusting varying 
combinations of flashboards and gates to try 
and achieve a balanced water level and flow 
rate condition. Figure C-20 shows the Stowell 
Lateral control structure with a combination of 
turnout gates and flashboard weirs. 

Common Problems—The following common 
problems were noted with main lateral 
structures:

Water Level Variation—Water level 
variations in the lateral and/or at the junction pools cause unintended changes in flows 
through the undershot gates and flashboard bays. Water level may vary due to changes 

FIGURE C-20 
Stowell Lateral Control Structure with a Combination of Turnout 

Gates and Flashboard Weirs 
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in upstream canal flow or changes in nearby gate or flashboard positions to adjust flows 
on a nearby lateral or service turnout.  

Undershot Flow Measurement Accuracy—The measurement accuracy of undershot 
gate flow estimation is degraded due to the age and condition of the gate, poor water 
level measurement conditions or methods, insufficient head drop across the gate due to 
backwater conditions on the downstream channel, and excessive leak-by through the 
gate frames and seating surfaces.  

Flashboard Weir Measurement Accuracy—The measurement accuracy of flashboard 
overshot weir flow rates is reduced due to weir crest geometry (not reflective of 
assumed conditions for applied weir coefficient), poor approach hydraulics for applying 
the weir measurement calculation, improperly positioned and/or inaccurate staff gages 
for determining the head on the weir, and backwater submergence influence.  

Structural Conditions—Most of the 
structures inspected showed signs of 
extensive degradation and appeared well 
past their service life. Although structural 
integrity was not the focus of this 
assessment, visible signs of structural 
deficiencies included extensive cracking 
and spalling of concrete, damaged walls 
and slabs, out-of-use stilling wells, and 
narrow access platforms without 
handrails. The poor condition of many of 
the structures would likely reduce the 
benefits of retrofitting new gates or other 
equipment into the existing concrete 
structure. Common concrete degradation 
problem is depicted in Figure C-21. 

FIGURE C-21 
Typical Concrete Degradation

Sub-lateral Head gates 
The sub-lateral head gates typically control flow into a smaller open channel ditch or 
pipeline branching off one of the main laterals. Open channel sub-lateral head gates 
typically include a single undershot gate, with a cross check structure (weir boards and/or 
undershot gate) on the supplying main lateral. Head gates for the pipelines are typically 
“pressure box” assemblies consisting of two in-line undershot gates, similar in concept and 
operation to a constant-head-orifice structure. The downstream gate is used to adjust the 
head across the upstream gate, whose position is fixed to a set orifice opening.  

The operational problems with the sub-lateral head gates are similar to those described above. 
These include varying water levels in the supplying pool or channel, poor hydraulics for the 
intended measurement method, placement and use of permanent or portable staff gages, and 
backwater impacts from the downstream sub-lateral channel or pipeline impacting the flow rate.  
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Service Turnouts 
OID has approximately 3,000 service turnouts to 
individual customer parcels. Most of the turnouts are 
either double-gate pressure box type structures, or 
single “canal gate” turnouts. A double-gate pressure box 
turnout is shown in Figure C-22. Most of the turnout 
flows range from less than 1 cfs to around 5 cfs. Some 
larger turnouts take between 5 and 10 cfs, either for 
larger single customers or for clusters of customers that 
cooperatively manage the flow downstream of the 
turnout. The DSO adjusts the gate or gates at the 
beginning of each irrigation service, based on the 
requested flow rate. Flow rate is estimated using the 
methods described above, using the differential head on 
the turnout, and the orifice size (gate position).  

In most cases, the existing turnouts do not provide 
accurate, stable flow control and measurement. This is 
due to a number of factors including varying water 
levels in the supplying lateral (or head in the low 
pressure pipelines), poor physical condition of the gates, 
backwater conditions from the on-farm distribution system, and improperly sized turnouts 
for which the gate(s) are either too large or too small to operate in their most accurate flow 
range and/or head condition.  

FIGURE C-22 
Typical OID Turnout

Lateral Service Areas and Peak Flows 
During the infrastructure assessment, LSAs were defined by breaking down the OID 
distribution system into smaller operating units based on the actual areas served by each 
major lateral, and the supply and distribution infrastructure for example, ditches, pipelines, 
wells, drain pumps, etc.). Each LSA is delineated by the boundary of the lands supplied by 
the lateral, and can be used to evaluate water supply and distribution operations on a more 
refined basis than the larger existing operating Divisions. Figure C-23 shows the LSAs. 
Table C-5 summarizes information on each LSA including design capacity and recently 
observed peak flows.  

The LSA breakdown allowed a comparison of the supply capacity to each area of OID, 
based on the ratio of the peak supply to the acreage served. This ratio was considered in 
terms of “service equity,” or how uniform the ability of the current supply and distribution 
system is to meet customer supply needs. As shown in Table C-6, the service equity ratios 
vary from 1.08 to 4.38, indicating a significant range of supply capacity by LSA. This 
measure, along with other information, can be used for identifying areas that may most 
benefit from improvements to peak supply such as new wells, enlargement of pipes or 
ditches, or expanded drain water reclamation. The identification of LSAs requiring an 
increase in capacity in the 2025 land use condition is shown in the Water Balance Technical 
Appendix F. 
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TABLE C-5 
Lateral Capacity Flow Rates, Grouped by LSA Designation 
OID WRP Technical Appendixes 

LSA Lateral Level 
83 MP Design 

Capacity (CFS) 
Recent Peak Flows 

(CFS)

North Main Canal 495 360

Tulloch-Frymire LSA Frymire 1 9 16

Tulloch 1 5 13

Cape Horn Lateral 1 9 9

Eaton LSA Lesnini No. 1 1 7 10

Eaton 1 7 10

Diliberto 1 4 1.3

Rodden High Line LSA Dorsey 1 6 4

Rodden High Line 1 15 12

Burnett-Tulloch LSA Burnett 1 179 150

Tulloch 2 93 75

River Road–Moulton LS River Road 1 39 30

Moulton 2 8 7

Howard 2 12 6

Campbell LSA Campbell 1 60 60

Chappel 2 10 8

Huffman 2 8 8

Edwards 2 6 8

Grider 2 6 15

West Thalheim LSA West Thalheim 1 16 24

Hind-Stevenot LSA Stevenot 1 6 3

Young 1 16 8

Hinds 1 13 18

E. Thalheim 2 7 18

Fairbanks LSA Fairbanks 1 134 100

Hirschfeld-Clark LSA Hirschfeld 1 72 80

Clark 2 15 30

Lower Cometa LSA Cometa 1 39 25

Moll 2 19 10

Leitch 2 6 15

South Main Canal 638 500

Paulsell LSA Paulsell 1 29 27

South Main LSA Gray 1 7 7

East Pump 1 5 8

Clavey LSA Clavey 1 29 37

East Pump 2 5 8

Adams–West Pump LSA Adams #1 1 41 34

Adams #2 1 7 10

Townhill 1 6 6
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TABLE C-5 
Lateral Capacity Flow Rates, Grouped by LSA Designation 
OID WRP Technical Appendixes 

LSA Lateral Level 
83 MP Design 

Capacity (CFS) 
Recent Peak Flows 

(CFS)

Kearney-Union LSA Kearney 1 37 32

Heggie 1 7 9

Union 2 11 6

South LSA South Lateral 1 97 90

Dry Creek 2 16 15

Palmer LSA Palmer 1 35 60

Claribel LSA Claribel 1 108 90

Stowell-Albers LSA Stowell 1 67 56 

Albers 2 34 36

Brichetto LSA Brichetto 1 87 68

Keeley 2 39 10

Mootz LSA Mootz 1 39 40

Riverbank LSA Riverbank 1 127 80

Southwest 2 14 7

Crane-Langworth LSA Crane 1 54 35

Langworth 2 27 15

Town “E” LSA Town "E" 1 9 9

TABLE C-6 
LSA Peak Deliveries 
OID WRP Technical Appendixes 

LSA 
Capacity to LSA 

(CFS)
Acres Served 

(2004) 
2004 Service Equity 

(Capacity/Acres Served) X 100 

North Main Canal 495 22,431 2.21

Tulloch-Frymire LSA 23 941 2.47

Eaton LSA 17 429 3.96

Rodden High Line LSA 20 567 3.57

Burnett-Tulloch LSA 64 1,981 3.25

River Road–Moulton LS 39 2,507 1.54

Campbell LSA 60 3,503 1.72

West Thalheim LSA 16 1,224 1.30

Hind-Stevenot LSA 35 3,253 1.08

Fairbanks LSA 62 2,419 2.55

Hirschfeld-Clark LSA 72 3,531 2.04

Lower Cometa LSA 39 2,077 1.87

South Main 638 29,602 2.16
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TABLE C-6 
LSA Peak Deliveries 
OID WRP Technical Appendixes 

LSA 
Capacity to LSA 

(CFS)
Acres Served 

(2004) 
2004 Service Equity 

(Capacity/Acres Served) X 100 

Paulsell LSA 29 1,452 2.00

South Main LSA 12 283 4.38

Clavey LSA 29 1,348 2.17

Adams–West Pump LSA 45 1,759 2.57

Kearney-Union LSA 45 2,385 1.87

South LSA 97 3,303 2.95

Palmer LSA 35 2,487 1.39

Clairbel LSA 42 2,251 1.85

Stowell-Albers LSA 67 3,589 1.86

Brichetto LSA 49 2,427 2.00

Mootz LSA 39 2,684 1.44

Riverbank LSA 73 2,713 2.69

Crane-Langworth LSA 54 2,424 2.21

Town “E” LSA 9 497 1.71

Distribution System Summary Findings 
The following summary findings resulted from the assessment of OID’s distribution system: 

Approximately 50 percent to 75 percent of OID’s low head pipelines were constructed 
using CIP methods. These pipelines are 30 to 50 years old. Recent repairs and 
inspections have highlighted the poor condition of these pipelines, which are 
experiencing steady, and possibly increasing, overall rates of structural failure.  

OID should continue replacement of CIP pipe with low head pre-cast concrete pipe 
(ASTM-C76 standard type), PVC pipe, or similar higher quality pipe materials. 

Prioritization of pipeline replacement should consider the timing and locations of future 
urban expansion around the City of Oakdale, as described in Land Use Trends and 
Forecasting Technical Appendix E.

A significant portion of the open ditch laterals have severe bank erosion due to excessive 
velocity, native soil conditions, and livestock erosion due to inconsistent fencing along 
laterals. This, in turn, is causing loss of original design hydraulic conditions and reduced 
top bank road width, which causes accessibility problems for O&M. 

Restricted access for O&M, due to encroachment, is delaying and preventing needed 
maintenance actions. OID should continue steps to reestablish and maintain consistent 
control of OID’s rights-of-way and easements along all laterals, both pipelines and open 
ditches.
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OID should install and maintain fencing along the outside edges of maintenance roads 
to prevent livestock access and damage to open ditches, or require the responsible land 
owners to do so. 

Given the lack of any comprehensive storm water design, operating practices, or 
policies, storm water conveyance through OID’s laterals should be minimized due to the 
uncontrolled nature of the flows and inability of the system to reliably serve this 
function.

The main and sub-lateral flow control and measurement structures and methods are not 
providing reliable, stable, accurate flow control and measurement. The DSO’s operations 
are significantly impacted by the lack of accurate, reliable controls and flow rate 
measurement. Significant improvements, including replacement of many key structures, 
are required to provide improved flow control and measurement. 

OID’s customer turnouts are not based on consistent standards for capacity, methods for 
control of flows, and accuracy of flow rate and quantity delivered. Consideration should 
be given to a long-term replacement program that moves the system toward standard 
turnout features that allow accurate flow rate and quantification of delivered water.  

Drainage and Reclamation Facilities 
Overview
OID maintains and operates 35 reclamation pumps, 7 drain pumps, and approximately 
90 miles of agricultural drains. Reclamation pumps are used to divert water from local 
drains back into nearby supply laterals for reuse on irrigated lands. Drain pumps are used 
to convey drainage water from local ponds or drains out of OID’s service area and into 
separate receiving waters such as the Modesto ID Canal. Figure C-24 shows the locations of 
the reclamation and drainage pumps. Table C-7 and Table C-8 list summary information on 
the reclamation and drainage pumps.  

The water in the drains originates primarily from field runoff, mostly from OID-served lands, 
but also from adjacent lands irrigated by private wells or other sources. Operational spills 
from laterals typically flow into the lower ends of the OID drains near where the drains leave 
the OID service area. Winter season storm water runoff is also conveyed through OID’s 
drains in many areas, where it is eventually discharged into natural creeks or regional drains.

Most of the pumps have similar operating features. A typical installation includes a fixed-
speed, electric motor pump installed in a metal building. The pump is manually controlled 
using the local power panel. Flow rate meters and totalizers are installed on most of the 
reclamation pump discharge lines. A few pumps have float switches that will turn the 
pumps off at low water levels from the source pond. Most of the pumps are located on 
drains and pump directly from the drain channel through debris screens. A few installations 
include small (1 to 2 acre) ponds to collect and store the drain water for pumping. Short 
runs of buried pipe, typically less than 200 feet, connect the pump station to a local lateral 
for distribution. The current operating strategy is for each pump to be operated by the local 
DSO based on the DSO’s discretion (for example, observed demand conditions and drain 
water supply).
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TABLE C-7 
Drainwater Reclamation Pumps 
OID WRP Technical Appendixes 

Pump Capacity Seasonal Supply and Level of Utilization 

Percent
Utilization

c

Name 
Drainage 

Basin Supply Destination HP

Design 
Head 
(TDH)

Design 
Flow 
(gpm)

Max
Monthly 

Capacity
a

(ac-ft)

Max
Seasonal 
Capacity

b

(ac-ft)

Annual 
Total, 
2004 

(ac-ft)

Peak
Monthly 

Flow, 
2004 
(ac-ft)

Peak
Month Season 

Milnes - Private pipeline/MRD Canal 7.5 Unk. 1,250 83 580 231 41 50% 40%

Cope - River Road Lateral 5 17.5 700 46 325 73 15 31% 23%

Reed - Dorsey Lateral 15 23 1,950 129 905 260 55 42% 29%

Townhill Adams Townhill Lateral 15 27.5 470 31 218 149 27 87% 68%

Thompson Pond Adams Private pipeline or Adams 20 42 1,350 89 626 353 90 101% 56%

Thompson Albers Thompson Lateral 7.5 11.5 990 66 459 720 201 307% 157% 

Weaver Albers Private pipeline 3 10 850 56 394 27 6 10% 7%

Cavill #2 Cavill Riverbank Lateral 15 21 1,300 86 603 529 122 142% 88%

Cavill #3 Cavill South West Lateral 15 11.6 1,200 80 557 426 91 114% 76%

Stumph Crane Crane Pipeline 10 11.6 2,250 149 1,044 404 123 83% 39%

Spencer Crane Spencer Lateral 5.4 23 590 39 274 32 9 24% 12%

Raney Crane Crane Lateral 10 18.5 540 36 251 82 22 61% 33%

Angel Fairbanks Clarke Lateral 5 4.5 1,550 103 719 390 110 107% 54%

Droge Fairbanks Hirschfeld Lateral 5 3.3 1,025 68 476 3 3 5% 1%

Edwards Fairbanks Hirschfeld Lateral 5 10.3 465 31 216 15 7 22% 7%

W. Thalheim Hind West Thalheim Lateral 10 12 1,225 81 568 295 107 132% 52%

Kuhn Khun Stowell Lateral 10 15 2,000 133 928 336 73 55% 36%

Mc Gee Khun Mootz Lateral 7.5 12 1,150 76 534 215 63 83% 40%

Coulter Laughlin Hobron Lateral & Dunn Pipeline 20 12.6 2,750 182 1,276 354 101 55% 28%

Harter Lone Tree Campbell Lateral 25 26 2,860 190 1,327 1,057 265 140% 80%

Lone Tree Lone Tree Sweet Lateral 15 11.5 3,050 202 1,415 1,168 259 128% 83%

Magnolia Lone Tree Sweet Lateral 10 6 1,175 78 545 119 33 43% 22%

Wittney Lone Tree Hirschfeld Lateral 20 13 3,400 225 1,577 779 216 96% 49%

Mootz Mootz Birchetto Lateral 10 10 2,400 159 1,114 821 223 140% 74%
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TABLE C-7 
Drainwater Reclamation Pumps 

Pump Capacity 

OID WRP Technical Appendixes 
Seasonal Supply and Level of Utilization 

Percent
Utilization

c

Name 
Drainage 

Basin Supply Destination HP 

Design 
Head 
(TDH)

Design 
Flow 
(gpm)

Max
Monthly 

Capacity
a

(ac-ft)

Max
Seasonal 
Capacity

b

(ac-ft)

Annual 
Total, 
2004 

(ac-ft)

Peak
Monthly 

Flow, 
2004 
(ac-ft)

Peak
Month Season 

Wirth Mootz Mootz Lateral 149 747 168 % 72% 15 25 2,250 1,044 113

Moulton Moulto  20 18 2,425 161 1,125 746 197 % 66% n Burnett Lateral 123

Nielson Nielson Private 7.5 10 800 53 371 257 50 95% 69% 

Palmer Palmer Claribel Lateral 10 13 2,325 154 1,079 574 222 144% 53%

Sawyer T lloch al 7.5 9 1,200 80 557 193 48 60% 35% u Campbell Later

Lambuth T lloch  5 6 425 28 197 6 3 12% 3% u Tulloch Lateral

Tulloch T lloch  10 8.6 975 65 452 116 56 87% 26% u Burnett Lateral

Union Union Dillman Lateral & private 10 20.7 515 34 239 332 87 255% 139% 

Workman #1 Union Erlanger Pipeline & Private 40 45 2,300 152 365 % 1,067 1,043 239 98%

0   13,100 3,500 96%

Workman #2 Union Erlanger Pipeline & Private 30 42 1,860 123 863 262 86 69% 30%

 Totals 51,600 3,400 23,90 51%

Notes:
a Maximum Monthly Capacity assumes 12 hours of operation per day at the design flow rate. 
b Maximum Seasonal Capacity assumes 12 hours of operation per day for 7 months at the design flow rate. 
c Percent Utilization is the measured flow for that period / maximum capacity for that period. 
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TABLE C-8 
Agricultural Drain Pumps 
OID WRP Technical Appendixes 

Name Design Flow Drain Source Discharge To 

Cavill #1 1635 Cavill Drain Modesto Irrigation District (MID) Canal 

Claus 1885 Langworth Drain MID Canal 

Cleveland 1300 Cleveland Drain MID Canal 

Rice 2750 Modesto Drain MID Canal 

Snedigar #1 1900 Snedigar Drain MID Canal 

Snedigar #2 1900 Snedigar Drain MID Canal 

Snedigar #3 580 Snedigar Drain MID Canal 

Reclamation Pumping Capacity and Utilization 
Reclamation pumping capacity and typical utilization were evaluated for the 2004 operation 
season and compared to OID’s primary supply from Stanislaus River diversions, to evaluate 
the relative level of current reclamation pumping and its role in OID’s overall supply source 
mix. The combined peak capacity of the 35 reclamation pumps is approximately 
51,000 gallons per minute (gpm) (114 cfs), or about 13 percent of OID’s peak Stanislaus River 
diversion rate. The total seasonal capacity, based on a 7-month irrigation season and 
12-hour-per-day average pumping time, is about 23,900 ac-ft, or less than 10 percent of 
typical seasonal diversions from the Stanislaus River. However, variations in the supply and 
timing of drain water limit the practical peak reclamation pumping rate. During the 2004 
irrigation season, reclamation pumping provided 13,100 ac-ft of supply, equal to about 
5 percent of the total Stanislaus River diversion for 2004. Peak month reclamation pumping 
was about 3,500 ac-ft, or about 58 cfs (6 percent of peak Stanislaus River supply).  

The level of utilization of each pump is shown in Table C-7, with full utilization 
(100 percent) based on maximum pumping rate for an average of 12 hours per day. Due to 
variations in timing of supply and demand which limit the maximum practical pumping 
rate, the 12 hour per day figure was assumed to represent a baseline level of full 
(100 percent) utilization of the pump. The average utilization for the season is 
approximately 51 percent, while peak month average utilization is just under 100 percent. 
Most of the pumps are at utilization levels of 75 percent to over 100 percent, indicating 
relatively steady peak month operations.  

Summary Findings 
The reclamation pumps are a minor seasonal and peak month supply source, but are 
important for local supply flexibility in certain areas.  
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OID’s reclamation and drainage pumps are generally 
well maintained and in good condition. A typical 
reclamation pump installation is shown in 
Figure C-25, which depicts the Lone Tree reclamation 
pump. Potential improvements or actions to consider 
would include installing additional float switch type 
controllers to automate operations; evaluate current 
hydraulic operating conditions versus pump size, 
including power efficiency testing, to confirm proper 
pump sizing and efficiency and the need for pump 
replacement.

FIGURE C-25 
Lone Tree Reclamation Pump 

Future improvements should consider the potential 
impacts of land use changes on drain water supply 
and reuse potential. Urbanization in some areas will 
likely reduce irrigation season runoff into local drains 
and reduce the demand for the reclamation supply.  

The exact mileage of drains which OID either owns 
and/or is responsible for maintaining is uncertain, 
but is estimated at a minimum of 90 miles. OID 
should take steps to clarify and map specifically the 
drains for which it has ownership and/or operating 
responsibility.  

Irrigation Wells 
Overview
Twenty-three wells contribute to OID’s irrigation water supply. Table C-9 lists summary 
information on the irrigation wells. Most wells are between 400 and 600 feet deep, and 
according to current OID staff, the water quality is adequate for the irrigation of crops 
within OID. Average pump capacity is 1,500 gpm. Most of the wells were originally 
installed in the 1950s prior to the Tri-Dam Project, to supplement OID’s Stanislaus River 
supply in dry years. The wells are currently used primarily to supplement local supply 
during peak demand conditions. Their use is minimized due to the relatively higher cost of 
well water compared to surface water and reclamation supply.

Typical well features and operation include the following. The wells use single-speed 
electric-motor-driven pumps. The pumps and electrical controls are housed in small metal 
enclosures with concrete floors. Flow meters are installed on the discharge pipes to display 
flow rate and total volume pumped. Buried discharge piping typically runs less than 
100 feet to the receiving distribution lateral. Each well is manually controlled by the DSO 
using the local power panel. The wells are used at the discretion of the DSOs, based on the 
local demand and supply conditions. There is no overall coordinated groundwater supply 
strategy as the basis for use of the wells. A typical deep well, the Bentley Deep Well, is 
shown on Figure C-26. 
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OID’s 29 irrigation supply wells are generally in good condition. However, most of the 
wells are over 50 years old and are likely near the end of their service. These wells may 
require replacement in 5+ years to maintain reliable service and pumping rates. 

The wells are not used in a coordinated manner as part of an overall OID supply 
strategy, but rather at the discretion of each DSO based on local system supply and 
demand conditions. OID should develop a more comprehensive operating and supply 
strategy for the wells. Opportunities for this will come in the next few years as part of 
the Water Resources Plan implementation and as OID pursues regional groundwater 
management programs with its regional partners.  
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The wells provide less than 2 percent of OID’s irrigation supply. However, they do 
provide operational supply flexibility during peak demands for the local laterals they 
pump into. 

Summary Findings 

Based on 1999 to 2004 operating records, total annual pumping ranged from approximately 
2,000 ac-ft to over 9,000 ac-ft, and average about 5,900 ac-ft. The wells supplied less than 
2 percent of OID’s overall supply in 2004. The wells also supplied less than 2 percent of the 
peak month supply in 2004. The potential annual supply of 27,300 ac-ft would be less than 
10 percent of OID’s average annual supply requirements, which limits the drought year 
benefits of the wells.  

The total pumping capacity of the 29 wells is approximately 45,800 gpm (102 cfs). There are no 
known well interference issues so it may be feasible to run all the wells at one time, allowing 
the peak installed capacity to actually be utilized if needed. The potential annual supply, based 
on a 6 month season and assuming wells operate at the design flow for 18 hours per day is 
approximately 27,300 ac-ft. During the 1976-77 drought, prior to the construction of New 
Melones Dam, the wells installed at that time pumped approximately 20,000 ac-ft for irrigation 
supply, approximately 73 percent of the existing potential seasonal capacity.  

Groundwater Supply Capacity and Utilization 

Locations of irrigation and domestic service 
wells are shown in Figure C-27. 

Most of OID’s customers who cultivate 
permanent tree crops such as almonds and 
walnuts also have private wells which they 
use for winter frost protection and irrigation 
when the OID canals are shutdown. These 
wells are not addressed in the evaluation, 
but do represent a significant supplemental 
drought year supply assuming these 
growers were able to provide most of their 
water needs from the wells in the event of a 
reduction in OID surface water supply.  

FIGURE C-26 
Bentley Deep Well 
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TABLE C-9 
Oakdale Irrigation District Well Inventory 
OID WRP Technical Appendixes 

Infrastructure Level of Use 

Percent Utilization 

Name
Supply 

Destination 

Total
Depth  
(ft bgs) 

Diameter
(inches) HP

Design 
Flow 
(gpm)

Well Yield 
(gpm/ ft 

drawdown) 

Peak
Monthly 

Flow, 
1999-2004 

(ac-ft)a

Potential 
Peak

Monthly 
Flow  

(ac-ft)b

Average 
Annual 
Flow, 

1999-2004 
(ac-ft)c

Potential 
Peak

Annual 
Flow  

(ac-ft)d
Peak

Month % 
Average 

Season % Notes

Allen Town "E" or 
Luna 
Pipeline 

415 16 50 1,900 95 87 189 211 1,134 46% 19% Well drilled in 
Sept. 1940. 
Rebuilt in 
1977. 

Bentley Mootz
Lateral 

14 to 18 60 1,300 117 172 129 269 776 100% 35% Well drilled 
July 1944. 

Birnbaum Langworth 
Lateral 

500 16 to 20 10
0

2,800 150 178 278 369 1,670 64% 22% Well drilled 
July 1940. 

Burnett Burnett
Lateral 

500 14 to 18 60 1,950 155 170 194 415 1,163 88% 36% Well drilled 
June 1949. 

California Snedigar 
Pipeline 

515 25 685 61 68 409 0% 0% Well drilled 
September 
1940.  
No record of 
use available. 

Campbell Campbell 
Lateral 

502 14 to 18 60 1,816 117 138 181 221 1,083 76% 20% Well drilled 
April 1944. 

Crane Crane 
Lateral 

500 18 60 1,290 74 185 128 287 770 100% 37% Well drilled 
July 1940. 

Fairbanks Fairbanks 
Lateral 

450 14 to 18 60 1,084 417 170 108 135 647 100% 21% Well drilled 
June 1941. 

Hirschfeld Hirschfeld
Lateral 

408 14 to 18 60 1,900 136 190 189 467 1,134 100% 41% Well drilled 
April 1943. 

Howard Howard 
Lateral 

475 18 75 1,600 307 142 159 291 955 89% 30% Pump rebuilt 
October 1977. 

Huffman Campbell 
Lateral 

450 16 to 20 75 2,600 105 158 259 283 1,551 61% 18%

Liberini Liberini 
Pipeline 

25 870 147 87 519 0% 0% No record of 
use available. 

Marquis Langworth 
Lateral 

125 16 25 500 43 17 50 33 298 34% 11%
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TABLE C-9 
Oakdale Irrigation District Well Inventory 
OID WRP Technical Appendixes 

Level of Use Infrastructure

Percent Utilization 

Name
Supply 

Destination 

Total
Depth  
(ft bgs) 

Diameter
(inches) HP

Design 
Flow 
(gpm)

Well Yield 
(gpm/ ft 

drawdown) 

Peak
Monthly 

Flow, 
1999-2004 

(ac-ft)a

Potential 
Peak

Monthly 
Flow  

(ac-ft)b

Average 
Annual 
Flow, 

1999-2004 
(ac-ft)c Notes

Potential 
Peak

Annual 
Flow  

(ac-ft)d
Peak

Month % 
Average 

Season % 

McMath Riverbank 
Lateral 

60 1,630 160 162 328 972 98% 34%

Oakdale Oakdale 
Lateral 

75 1,280 24 64 127 184 764 50% 24%

Paulsell 
#1

Private 550 20 50 635 41 63 379 0% 0% No record of 
use available. 

Paulsell 
#2

Paulsell 
Lateral 

815 20 60 1,350 44 223 134 409 805 100% 51%

Riverbank Crane 
(extension) 
Pipeline 

417 16 60 1,600 132 29 159 65 955 18% 7%

Santa Fe Claus
Pipeline 

151 14 25 750 58 75 447 0% 0% No record of 
use available. 

South
Main #1 

S. Main 
Canal 

611 16 15
0

2,700 276 268 189 1,611 100% 12%

South
Main #2 

S. Main 
Canal 

627 16 15
0

2,500 289 249 193 1,491 100% 13%

Steinegul Tulloch 
Lateral 

500 18 60 1,770 221 147 176 235 1,056 84% 22%

Tennat Mootz
Lateral 

60 1,711 80 68 170 74 1,021 40% 7%

Thornton Hirschfeld
Lateral 

430 16 to 20 75 2,133 161 219 212 466 1,273 100% 37%

Town E Birnbaum 
Pipeline 

255 16 30 1,600 22 159 955 0% 0% No record of 
use available. 

Valley 
Home

Hirschfeld
Lateral 

390 18 60 1,875 179 247 186 382 1,119 100% 34%

Van
Norman

Turner 
Pipeline 

167 16 20 650 18 65 388 0% 0% No record of 
use available. 

Weimer Fairbanks 
Lateral 

340 18 75 1,950 171 161 194 232 1,163 83% 20%
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Oakdale Irrigation District Well Inventory 
OID WRP Technical Appendixes 

Level of Use 

SOURCES PLAN TECHNICAL APPENDIXES 

TABLE C-9 

Infrastructure

Percent Utilization 

Name
Supply 

Destination 

Total
Depth  
(ft bgs) 

Diameter
(inches) HP

Design 
Flow 
(gpm)

Well Yield 
(gpm/ ft 

drawdown) 

Peak
Monthly 

Flow, 
1999-2004 

(ac-ft)a

Potential 
Peak

Monthly 
Flow  

(ac-ft)b

Average 
Annual 
Flow, 

1999-2004 
(ac-ft)c Notes

Potential 
Peak

Annual 
Flow  

(ac-ft)d
Peak

Month % 
Average 

Season % 

Wyatt Tulloch 
Lateral 

280 18 1,400 137 60 104 139 136 835 74% 16%

TOTALS         45,800 4,600 5,900 27,300

Notes:  

Blank cells indicate that no information is available. 
a “Peak Monthly Flow” is the maximum volume pumped in one month between 1999 and 2004. 
b  “Potential Peak Monthly Flow” represents the volume that would be pumped at the well’s design flow for 18 hours per day for 30 days (1 month). 
c  “Average Annual Flow” is the average volume pumped per year between 1999 and 2004. 
d  “Potential Peak Annual Flow” represents the volume that would be pumped at the well’s design flow for 18 hours per day for 6 months (one irrigation season).  
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The wells are primarily located on the north side of OID’s service area and do not 
provide equitable service in terms of peaking supply benefits for local laterals. Future 
wells should be considered for the main laterals south of the Stanislaus River to provide 
both seasonal supply and short-term peaking supply flexibility.

For future wells, the use of variable speed drive pumps should be considered to provide 
more efficient operations and flexible pumping rates.  

Domestic Service Wells 
OID provides domestic water service to private homes in two Rural Water Systems (RWS), 
RWS 1 and 2, and seven Improvement Districts (IDs). These were developed between the 
1950s and 1980s. OID owns, operates, and maintains RWS 1 and RWS 2, which provide 
service to 352 domestic connections. Each of the IDs are owned collectively by the homes in 
each ID’s service area. The IDs contract with OID to provide O&M service. The IDs serve a 
total of 338 domestic connections. In 2004, the total domestic supply provided by OID was 
1,100 ac-ft, or about 0.6 ac-ft per connection.  

The two RWS systems have a total of 5 supply wells. The IDs have an additional 13 wells. 
The age and conditions of the wells varies significantly from relatively new and in good 
condition, to poor and, in some cases, inoperable. The two RWSs are capable of supplying 
fire fighting supply, however none of the ID systems have fire flow service capability. No 
water treatment is required at any of the 13 wells to meet current drinking water standards.  

The following summary findings are recommendations regarding the domestic service 
wells.

OID is providing domestic water supply to approximately 690 connections. Assuming 
approximately 2.5 residents per household, OID is providing domestic service to about 
1,700 people. 

The two RWSs owned by OID are in good general condition and have fire flow service 
capacity. The seven IDs vary widely in their condition and reliability, and will likely face 
increasing capital improvement costs as the systems age. 

OID should continue its position of not expanding or adding new domestic service 
systems.  

Given the proximity of some of the systems to the City of Oakdale’s water system, OID 
should consider transferring parts or all of these systems into the City’s system. In 
general the City’s water utility will be better suited to long-term maintenance and 
operations, and can absorb and manage capital costs for system improvements over a 
larger customer base, making the per-household costs more affordable.  

Supervisory Control and Data Acquisition System 
OID has been developing its SCADA system for the last several years. At present, the 
existing system is minimal considering the size and complexity of the OID infrastructure 
system. Table C-10 lists the SCADA-linked facilities. The central SCADA station is at the 
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OID office. A single desktop computer is used to run the software application and user 
interface. OID has been working with a systems integrator vendor to expand and 
troubleshoot its current system. A summary of the SCADA assessment follows. 

In its current state, the DSOs’ use of some SCADA components is limited due to 
intermittent problems with accuracy or system control reliability.  

OID does not have a regular database archiving system or program. In many cases, data 
collected from previous years is regularly lost or overwritten with new data, thereby 
undermining the value of the SCADA system. A regular data management system is 
required to fully utilize collected data. 

An expanded and more reliable SCADA is required for improved operations and 
customer service and reducing O&M costs. Specific recommendations will be expanded 
upon in Infrastructure Plan Technical Appendix H. 

TABLE C-10 
SCADA-linked Facilities 
OID WRP Technical Appendixes 

Facility SCADA Signals / Controls 

OID North Main Canal at Joint Diversion Controlled and monitored by Tri-Dam. OID receives flow signal 
only.  

Rodden Lake Outflow Gates Lake level, gate position, flow rate. Can control gate position 
remotely to set outflow rate.  

Lesnini 1 head gate at Rodden Lake Gate position, flow rate, water level. Can control gate position 
remotely to set lateral flow rate. 

OID South Main Canal head gates Controlled and monitored by Tri-Dam. OID receives flow signal 
only.  

Ardis Site (Cashman Dam at Paulsell Lateral 
Head gate pool) 

Water level in South Main Canal. No gate controls.

Van Lier Reservoir Outflow Gates Flow rate, water level in reservoir, gate position. Can control 
gates remotely to set reservoir outflow rate.  

Vernalis Adaptive Management Program 
(VAMP) Structure on Claribel Lateral 

Water level, flow rate, and gate position. Can use control gate 
remotely to set flow rate into the pipeline used to make 
deliveries to MID per VAMP.  

Wyatt and Steinegul Wells  On-off signal only.  

Existing Service Standards 
OID’s current service standards were assessed along with infrastructure facility 
assessments. Service standards are a critical component of operations because they are the 
most basic statement of what product OID is striving to provide its customers. In the long 
term, service standards are a key to retaining and attracting future growers to maintain the 
customer base.
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Service standards will be a factor in evaluating system improvements under the overall 
Infrastructure Plan. Any recommended changes to the service standards will support the 
development of recommended operational practices. 

The assessment involved the evaluation of whether or not the current OID service standards 
are consistent with system-wide operating practices and whether they support OID’s overall 
management goals. Also, the degree to which the current service standards support DSO 
operating practices with consistent guidelines was examined.

The assessment of service standards involved investigating the current written standards 
approved by the OID Board of Directors—Rules and Regulations Governing the Operations and 
Distribution of Irrigation Water within the Oakdale Irrigation District Service Area. The rules and 
regulations are also known as the “Gray Book.” Service practices were discussed with 
engineering and field staff and observed in the field during June 2005. 

Summary of Gray Book Standards 
A summary of existing Gray Book standards follows: 

The rotation cycle varies from 10 days to 14 days depending on OID management 
discretion.

For each rotation, there is a fixed rate of flow and duration by customer. The policy is 
“use it or lose it.” 

The start of the rotation requires 12 hours advance start notice to customers. The shut-off 
notification from customer to DSO is 4 hours. 

OID customers are responsible for efficient and reasonable use. The Gray Book states, 
“No user shall use or be entitled to greater amount of water than can be reasonably and 
beneficially used without waste.” 

Written requests are accepted and granted on a case-by-case basis for arranged delivery 
of OID water (non-rotational). The Gray Book states that such arrangement is “not a 
standard operation.” 

Measurement of customer deliveries is required by DSOs. OID maintains and calibrates 
measurement facilities.

Summary of Observed Problems with Current Practices 
The summary of observed problems with current practices follows. Options for changing 
the service standards to respond to changing land use and customer base is presented in 
Infrastructure Plan Technical Appendix H. Service Standard Options will consider OID’s 
future customer base, land use, regulatory environment, and other strategic goals.  

Actual practices are commonly inconsistent with the Gray Book. Exceptions were 
historically granted by past OID management or at individual DSO discretion. 

Solving one customer’s “problem” by not observing standards often causes many other 
water delivery problems for other customers. 
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Within OID, there is a varied capability of LSAs/Divisions to meet a 10-day rotation due 
to capacity and supply. 

Unscheduled cuts for water are the biggest operational problem observed. 

Unscheduled cuts can cause excess spills. DSO efforts to “park water” on other customer 
lands ahead of normal schedule if possible is fairly common, causing operational 
inefficiencies. 

Short-term changes in weather impact the rotation schedule when compared to on-farm 
needs. Growers lack the training necessary to effectively estimate irrigation 
requirements in the context of changing weather and other factors. 

Farmers operating their own turnouts can create operational problems, although this 
may be acceptable if arranged with DSOs. 

Turnout sizing and flows vary widely on a per-acre basis, with little incentive for on-
farm distribution system features or practices to work within reasonable delivery 
standards. 

No formal operational strategy exists to use wells and drainage reclamation pumps for 
specific customer service targets. 

Conflicting operational targets are evident within OID, such as minimizing drain spills 
versus regulating reservoir practices or minimizing the use of groundwater deep wells 
even though they may provide an optimal peaking supply. 

Conflicting operating practices were observed among DSOs. Differences were observed 
within the same Division, between Divisions, and between day and night shifts. 
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