
On the San Xavier Reservation near Tucson, 
Arizona, the Tohono O’odom Nation grows organic 
alfalfa for racing horses and other livestock as well as 
fruits and vegetables. Until 2001, the 900-acre (364 
hectare) farm depended upon ground water wells for 
irrigation. Due to urban development, ground water 
demand increased, depleting the supply.

Today, thanks to Singer Valve, San Xavier is home to 
a sophisticated fl ood irrigation system that consists 
of  one 16” (400 mm) globe style and eight 16” 
angle style valves and fi ve storage tanks each with 
its own control panel. Controlling fl ow intake, high 
pressure and each tank’s water level electronically 
and simultaneously throughout the entire system, 
however, was not easy. In fact, Dave Buchwald, a 
fl uid dynamics specialist, has never encountered such 
a complicated project since he began working as a 
mechanical engineer in the 1980s.  

“Water is piped to the fi rst tank at 120 psi (8.3 bar),” 
says Buchwald, who works for Pipestone Industrial, 
a Singer Valve representative based in Denver. “But, 
it can’t fl ow more than 10,300 gallons per minute 
(650 litres per second), which would exceed the water 

right limit, and, to feed the relatively small storage tank, pressure has to drop to about 5 
psi (0.34 bar).” 

One 16” valve at the fi rst storage tank, which is only 25’ (7.6 m) in diameter and 12’ 
(3.7 m) tall, was equipped with a fl ow limiting function and anti-cavitation feature. 
Each subsequent tank (15’ x 12’ or 4.6 m x 3.7 m)  
is equipped with 16” valves. Along the pipeline are 
delivery valves that open to fl ood the various fi elds. 

To fl ood the fi elds adequately, however, each of  
the fi ve tanks must be able to handle up to 10,300 
gpm as well as maintain a specifi ed water level. 
Coordinating both functions at each of  the fi ve tanks 
simultaneously was the ultimate challenge.   

In search of  a solution, Singer Valve built a simulator so it could mimic the behaviour 
of  the San Xavier irrigation system. After testing a standard PID (Proportional Integral 
Derivative) on the simulator, Singer Valve’s Kari Oksanen wrote a custom algorithm for 
PLC (Programmable Logic Controller). After revising the algorithm 11 times, Oksanen’s 
program stabilized water levels within a few minutes compared to the standard PID’s 
performance of  two days. 

“Controlling levels electronically is very diffi cult,” says Oksanen, Singer Valve’s general 
manager. “But the beauty of  PLC is that there is no limit to what you can tell it to do.” 

“The low pressures in the underground irrigation distribution system offered a 
unique challenge,” says Jeff  Riley, supervisory civil engineer with the U.S. Bureau of  
Reclamation. “Singer Valve was extremely helpful during the design phase, and they even 
performed hydraulic modeling before receiving the contract.” 

The Client 
Bureau of  
Reclamation,
United States 
Government 

The Location 
San Xavier District, 
Tohono O’odom 
Nation, Arizona

The Challenge 
Control pressure 
and water levels 
electronically and 
simultaneously in 
fi ve tanks 
 
The Solution 
Singer’s 2SC-PCO 
with multi-process 
controller for level 
control 
 
The Result 
A custom algorithm 
that electronically 
controls water level 
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“This was a very complicated, 
very unusual application, and it 
was very successful,” says Dave 
Buchwald. “Singer Valve gets a 
gold star.” 
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Benefi ts of Singer’s 2SC-PCO with multi-process 
controller for level control 
• Anti-Cavitation trim that works at all fl ows and valve  
 openings
• Customized proprietary algorithm handles level
 control while limiting fl ow and preventing inlet surges

How It Works 
Control algorithm is designed on the premise that 
the valve can’t keep up to the step changes that this 
application involves. The PLC analyzes deviation, rate of  
change (fi rst derivative) and rate of  change of  the fi rst 
derivative to calculate rate of  correction. There are more 
than 30 IF conditional statements in the algorithm. Time 
delays are used extensively to prevent positive feedback.
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Did You Know…
Singer can 
customize the 
anti-cavitation trim 
to meet specifi c 
requirements such 
as limiting fl ow, 
improving already 
impressive low fl ow 
stability, reducing 
closing surges and 
improved PLC 
control over a wide 
range of  fl ows.

Singer Clients Who Use It
• Sedapal, Lima, Peru
• Butler County, Ohio
• City of  Antioch, California
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