
Irrigation Tech II 
 

HYDRAULIC TROUBLESHOOTING 



How much water & pressure is 
needed? 
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Water Flow 
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http://www.irrigationtutorials.com 

 
 



Water Pressure 

Pressure is the force that moves water through a pipe  

• Created by a pump  
– A pump creates pressure by pushing the water into a 

closed container (pipe) or a container with limited 
openings (pipe with sprinkler nozzles or drip emitters) so it 
is contained under a force.  

– Pressure changes in a system by friction losses or by 
elevation changes.  

• Created by gravity 
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.433psi loss/gain per foot of elevation change 

Pipe size is a factor only in that the water velocity is faster for a given flow rate for smaller pipe 
diameters. Remember that friction loss is greater for high water velocities.  

 



How do you check pressure? 
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1. Hose bib 

2. Backflow preventer 

4. Rotor 

6. Drip line end 

5. Spray head 

3. Valve 



Troubleshooting Pressure 
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Video may be found at 

https://www.youtube.com/watch?v=gfPuUVWWzUE 

 

https://www.youtube.com/watch?v=gfPuUVWWzUE
https://www.youtube.com/watch?v=gfPuUVWWzUE
https://www.youtube.com/watch?v=gfPuUVWWzUE


Water Flow 

Flow is a function of water velocity and the pipe 
cross-sectional area.  

   Q = 7.48 x V x A  
• Q = quantity of water flow given in gallons per minute (gpm)  

• V = velocity of water given in feet per minute (fpm). Charts may use 
feet per second (fps).  

• A = cross-sectional area of the pipe given in square feet (sq ft)  

There are 7.48 gallons of water in a cubic foot. 

 
The flow rate in the pipeline must total the water demand 
needed to operate the sprinkler nozzles or drip emitters. 

7 



Pipe Cross-Sectional Area 
• One inch pipe - it is a 

nominal one inch; the true 
inside diameter usually is 
not 1 inch 
– Schedule 40 PVC pipe, the 

inside diameter is actually 
1.029”  

– Outside diameters are kept 
constant so pipe fittings will 
fit 

– Higher pressure rated pipes 
will have thicker walls and 
smaller inside diameters.  
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Schedule 40 vs Class 200 

 



Pipe Sizing 
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Friction Loss 

• Proper selection of pipe size is needed to ensure that 
the pipe:  

– is large enough to safely carry the quantity of water 

– has a reasonable friction loss so the operating pressure is 
largely preserved 

– is economical for the water flow 

 

As water moves through a pipe, there is friction loss, which is a 
function of the surface roughness of inside pipe walls, the 

diameter of the pipe, the velocity of the water, and the number of 
path restrictions along the way.  

10 



Friction Loss 

11 



Where friction loss occurs 
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1. Water meter 

4. Pipes 

2. Backflow preventer 

3. Valve 

5. Fittings 
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Table of Approximate Pressure Losses for Pipe Fittings 
Listed in Equivalent Feet of Pipe 



Irrigation Hydraulics 
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Irrigation Hydraulics 
• How do we calculate our water needs? 
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Let’s take another look at our provided resources… page 37 



Water Velocity 

Within a given pipe, 
the flow rate increases 

as the velocity 
increases. 
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Velocity 
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Distribution Uniformity (DU) 

• The DU is a measurement of uniformity, 
expressed as a percentage, comparing the 
driest 25% or 50% of the areas to the average 
PR. 

• Note: the low half of the 50% DU will usually compare 
with the value calculated using CU 

• A perfectly uniform application is represented 
by a DU of 100%. A less uniform application is 
represented by a lower percentage. 
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Precipitation Rate (PR) 

• The PR is the average rate in inches per hour, 
at which water is being applied to the area 
covered by a specific sprinkler layout. 

 

• PR is a function of the total sprinkler discharge 
applied to the area between the sprinklers. 
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Calculating Precipitation Rates 

• Use this formula to calculate PR: 

 

 96.3 x GPM 
S  x  L 

=   IPH 

• 96.3 = a constant 
• GPM = gallons per minutes applied to the target area by all sprinklers in patterns 
• S= distance in feet of the sprinklers on a row 
• L= distance in feet between sprinklers in a row 
• IPH= average inches per hour 
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Calculating Precipitation Rates 
Calculating the PR for the sprinkler layout using the following information: 

Operating pressure: 45 psi 
 

90- 1.4 GPM                  180- 2.9 GPM                       360- 5.5 GPM 

112’ 

58’ 
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Calculating Precipitation Rates 
Calculating the PR for the sprinkler layout using the following information: 

Operating pressure: 45 psi 
 

90- 1.4 GPM                  180- 2.9 GPM                       360- 5.5 GPM 

112’ 

58’ 

96.3 x 45.3 GPM 

112’ x 58’ 

=   4362.4 

6496 

=  0.67” per hour (PR) 
96.3 x GPM 

S  x  L 
=   IPH 
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Matched Precipitation Rates 

• Matched Precipitation Rates (MPR) 

– Sprinklers which apply water at the same rate per 
hour no matter the arc or coverage (matched gpm 
flow rates to arc coverage) 

– Spray heads have fixed arcs and are matched for 
you 

– Rotors offer a choice of nozzles for you to match 
to the designed arc pattern 
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MP Rotators  
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Matched Precipitation Rates 
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http://www.hunterindustries.com 



What was used in the past 
 

vs 

  

What’s available now 
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Selecting Sprinklers & Spacing Ranges 

• Sprinkler performance 
charts contain: 

• PSI  
– Sprinkler operating pressure 

• Radius 
– Distance from the sprinkler to 

the edge of the throw (feet) 

• GPM 
– Flow rate of the sprinkler with 

difference size orifices 

• Precipitation Rate 
– Delivery rate based on arc & 

spacing 

30 



Good Spacing 
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Not-so-Good Spacing 
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What are options for 
correcting this issue after 
install? 



Sprinklers & Spacing Ranges 

• Sprinklers are designed to 
provide uniform distribution of 
water only if overlapping 
coverage is provided 

 

• A single sprinkler, when tested 
with catch cans, delivers most of 
its water close-in to the sprinkler 
and less and less as the distance 
away from the sprinkler increases 

 

• When overlapped, the weak area 
of coverage from one sprinkler is 
supplemented by the 
surrounding sprinklers 

50% Spacing 
(head-to-head) 
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Sprinklers & Spacing Ranges 

• The most common sprinkler spacing range 
and in most cases the most efficient, is 
head-to-head spacing: 

• Sprinklers spaced at their expected radii or 50% 
of the sprinkler’s diameter. 

• The sprinkler radius shown in the 
manufacturer’s catalog is measured in a 
zero wind test building. For windy areas, 
closer spacing is required to maintain 
head-to-head spacing (49% of diameter or 
closer) 

• The 2 most common types of sprinkler 
spacing patterns are square (top) and 
triangular (bottom) 
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Distribution Uniformity  
when head-to-head coverage 
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Scheduling Multiplier 

Distribution Uniformity (DU) 
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Solutions 

• Pressure compensating emitters 
• Pressure compensating bubblers 
• Pressure compensating rotors 
• Pressure regulation (drip manifold) 
• Pressure regulation (valve) 
• Pressure regulation (backflow) 
• Pressure regulation (house) 
• Controller that learns, monitors and reacts to flow 
• High efficiency nozzles 
• Booster pump 
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Solutions 
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• Pump running at 
92 psi  

 

• At the heads the 
pressure was 70-
72 psi 

 

 

Before After 

• Changed out the 
heads from PGP to  
I-20’s  

 

• Reduced the 
pressure at the 
head to 45-50 psi 

  
• Increased droplet 

size and distance 
for each of the 
heads 

 



Water Hammer 
• Closing a valve quickly can cause a surge of pressure 

or water hammer in pipes that are filled quickly with 
high-velocity water. It can occur when flow reverses 
direction and goes back against a stopped pump.  

 

• To prevent water hammer that might damage the 
pipes, limit water velocities to a maximum of 5 ft/sec 
(360 to 420 ft/min).  
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Water Hammer 
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Video may be found at: 

https://www.youtube.com/watch?v=ujNGaQKap98 

 

https://www.youtube.com/watch?v=ujNGaQKap98
https://www.youtube.com/watch?v=ujNGaQKap98
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A BIG Thank You 

Contributors: 

• Doug Donahue, Ewing 

• Paul Tammelleo, Irritrol 

• Shannon Scott, AAA Landscape 

• Pat Johnston, Horizon 

• Brian Whitcher, Toro 

• Jeff Gilbert, University of Arizona 
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