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ABSTRACT
This senior project discusses the evaluation and modification of a float valve for the Delano
Earlimart Irrigation District. (DEID) The float valve is one part of the system that DEID
uses to meet the growers’ water needs. The float valve assembly includes a frame, float,
guide for the float, linkage, and a butterfly valve.
Preliminary tests showed that waterhammer was evident and posed a potential problem.
After working with DEID and making two modifications to the float valve, field tests on the
float valve indicate that corrections made to the assembly improved the operation as well as
the knowledge of the operator and aids in the prevention of waterhammer.
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DISCLAIMER STATEMENT
The university makes it clear that the information forwarded herewith is a project resulting
from a class assignment and has been graded and accepted only as a fulfillment of a course
requirement. Acceptance by the university does not imply technical accuracy or reliability.
Any use of the information in this report is made by the user(s) at his/her own risk, which
may include catastrophic failure of the device or infringement of patent or copyright laws.
Therefore, the recipient and/or user of the information contained in this report agrees to
indemnity, defend and save harmless the State its officers, agents and employees from any
and all claims and losses accruing or resulting to any person, firm, or corporation who may
be injured or damaged as a result of the use of this report.
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INTRODUCTION
Irrigation districts across the state of California are trying to provide the best service to
growers as possible. Delano Earlimart Irrigation District (DEID) is one such district.
DEID distributes water through reinforced concrete pipelines, also known as concrete
pipelines, to many turnouts in Tulare County. Each turnout has a standpipe that is used as
an air vent in the line to prevent back flow if a negative pressure were to ever occur. DEID
asked the Irrigation Training and Research Center (ITRC) to design a system to regulate the
pressure into these standpipes. ITRC designed a valve that would regulate the flow and
maintain the pressure in the stand. The mechanism that can do this is called a float valve.

Figure 1. Float Valve Assembly
A pressure regulating valve, or float valve, was installed to allow for a constant flow rate to
the farmer regardless of pipeline pressure fluctuations caused by concurrent use of other
turnouts.
Background
There was concern by ITRC about the possibility of waterhammer with the new float valve
design. This senior project examined that possibility, and found that there was indeed a
large rise in pressure in some cases. This project modified the design, tested the
performance of a new design, and showed that the new design reduced the waterhammer
potential.
Original Design
The original design consisted of a standpipe that had an inlet pipe coming up the center of it.
At the top of this inlet was a bonnet with a flow meter. If a farmer wanted a certain flow
rate he would have to climb up the standpipe to read the flow meter, climb back down the
standpipe and adjust the valve. This procedure could go on for several minutes before the
desired flow rate was reached. See Figure 2.
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Figure 2. Original Float Valve Design

First Float Valve Design

This design, like the original design, had the inlet coming up the center of the standpipe. A
float valve was installed on the inlet to regulate pressure. The pipelines entering the
standpipes were beginning to deteriorate; therefore there was need for a new design. See
Figure 3.

Figure 3. First Float Valve Design
Second Float Valve Design
Due to the fact that the valves and propeller meters were old, DEID decided to change the
design by making the inlet enter from the exterior of the standpipe. This allowed DEID to
check and/or change flows from the ground. Before the float valve was installed, the farmer
was able to obtain the highest flow rate when the water was highest in the standpipe. With
the second float valve design, the highest flow rate was obtained at the lowest water level in
Irrigation Training and Research Center
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the standpipe. When the float was all the way down the float valve was wide open, and
when the float was all the way up the float valve was completely closed. This design reduced
the maximum head or water level available through the turnouts because the highest flow
rate occurred at the lowest water level. The highest flow rate was achieved when the float
valve was open, but the valve was only open when the float was in the down position. In
order for the float to be in the down position the water level has to be low. See Figure 4.

Figure 4. Second Float Valve Design
Third Float Valve Design
In order to deliver enough water for farmer’s needs, DEID added 48 inches of concrete to
the top of the standpipe. The addition was installed to achieve a higher water level in the
standpipe. With the addition of 48 inches of concrete onto the standpipe, the maximum
water level within the standpipe also increased 48 inches. After doing this, the second float
valve design needed to be changed. It was changed to what was recently being used but
some unforeseen problems needed to be resolved. One problem was the possibility of
waterhammer. See Figure 5 as well as Figure 1.
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Figure 5. Third Float Valve Design
The principles of this float valve are simple. As the water in the standpipe rises so does the
float. The float is connected to the valve through linkages. As the float rises the valve closes.
This float valve can regulate the flow into the standpipe to maintain a desired water level
regardless of what the pressure is upstream of the valve. The float valve works, but if or
when the valve closes rapidly waterhammer can occur. Waterhammer is an increase in
pressure caused by a sudden decrease in velocity. This can cause the upstream pipeline to
crack.
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LITERATURE REVIEW
Research for existing valves and pressure regulators as well as water hammer arresters
was conducted to determine if the current design would work or if a design change was in
order.
The Irrigation Training and Research Center (ITRC) installed pressure regulators, or float
valves, in DEID turnouts in the mid 1990’s. These valves were connected to vertical
supply pipelines located in the bottom of the turnout. The design worked well and
fulfilled all the necessary requirements (ITRC, 1996). Since then, the irrigation district
has begun a process of changing all the turnouts to a new “up and over” design making
this valve obsolete. The decision for the up and over orientation was to replace the
leaking and deteriorating pipeline and to facilitate the installation of in-line flow meters.
(Angold, 1999)
Purpose of a Pressure Regulator
The purpose of a pressure regulator is to maintain a constant pressure at a point
downstream of itself. If a farmer’s pump were to turn off, the pressure regulator should
begin to close allowing less flow to enter the stand. A pressure regulator works on a
concept of proportion control. If the water level in the stand is high, then the farmer is
using little flow. If the water in the stand is low, then the farmer is using a greater flow.
This makes sense because when the water level is high the float is throttling the valve
close and when the water level is low the float drops making the valve open, increasing
the flow rate. This means that no matter how much or how little flow the farmer uses, the
float valve will keep the pressure in the stand the relatively similar at all times (within the
limits of the linkage movement).
The pressure regulator will also keep a constant pressure in the stand even if the pressure
upstream of the valve is changing. If another farmer upstream of this particular float
valve were to open his/her valve, the over all pressure in the DEID line would drop. In
order for the flow rate to stay the same to the other farmer’s stand the float will drop and
the valve will open to maintain the same rate of flow. The valve can only give as much
water as the line will offer, meaning the pressure regulator cannot create pressure, it can
only regulate excess pressure.
Selection of the Pressure Regulator
Harris Float Valve
The Harris Float Valve has been successfully used for many years. The single disk valve
is used for low-pressure pipeline situations. The mechanical advantage of the float on the
valve is about a 6:1 ratio to reduce the size of the float. In addition to this, the valve has a
special action when nearly closed to provide a watertight seal. Due to the orientation of
the valve on the bottom of the standpipe, any leakage will create a greater closing force
Irrigation Training and Research Center
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(Merriam, 1987). The Harris float valve was one valve considered to be used but
because of the long linkage along with the fact that there are uncertainties in receiving
shipments and long-term support, it was not selected. DEID also uses an up and over
turn out design; in this case the Harris float valve will not work.
CLA-VAL Float Valve
The CLA-VAL requires a large pressure loss to take place in order for it to work
properly. It is also very expensive as opposed to the Harris float valve or a butterfly
valve with a float. It is also are also difficult to control the speed of closure; this could be
bad because it could cause water hammer. Many of the turnouts at DEID have very low
pressure to work with and since this requires a large pressure loss, it will not work for this
case.

Butterfly Valve and Float
Gravity overflow screens sometimes use a float valve on the inlet side to prevent
starvation of the pump by maintaining the water level downstream in the filtered water
tank (Burt and Styles, 1999). The butterfly valve and float design has been successfully
used on many overflow screen filters to regulate the flow into them. It is a simple
reliable design that is inexpensive when compared to the float valves listed above. This
is the reason why the butterfly valve is already in use and will remain in use.
Proper Material for the Frame
The float butterfly valve has a frame that is made out of stainless steal. Stainless steel
develops an invisible, tenacious, and highly protective chrome oxide film on its surface.
Chromium in stainless steal combines with oxygen in the atmosphere to form a film or
substance called chrome oxide. The chrome oxide film gives stainless steel its
exceptional corrosion resistant properties, which allow stainless steel to last for a long
time.
The second essential element to stainless steel is nickel. While improving the engineering
possibilities of the material, nickel further enhances the corrosion resistance of stainless
steel. Stainless steel is very useful to architects, designers, and manufacturers because of
its corrosion resistance and its strength (World Home Center, 2001). This means that the
metal can hold up to the water as well as the weather.
Waterhammer
Any alteration of the rate of flow of a fluid passing through a pipe causes a change of
pressure. Sudden alteration of the flow rate can give rise to surges of pressure, which move
up and down the pipe. Waterhammer is the term applied to pressure surges set up in this
way. (Pickford, 1969)
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If water were completely incompressible and if it were flowing in a completely rigid pipe,
there would be no 'waterhammer', but there would still be a change of pressure on altering
the rate of flow, due to the inertia of the flowing liquid. (Pickford, 1969)
The butterfly valve, when in operation, can and will close. When this occurs water hammer
could also occur. Even if the velocity is negligible, the closure of a valve at the downstream
end of a pipe through which fluid is passing results in an immediate rise of pressure. If the
valve is closed gradually there is a change of pressure throughout the pipeline as soon as the
valve starts to close, even before there is a sensible change of flow. (Pickford, 1969)
At a dead end the pressure wave is entirely reflected without change of sign, and the pressure
rise is equal to twice the intensity of the direct pressure wave. (Parmakian, 1955)
DEID uses reinforced concrete pipes to distribute water. To evaluate the wave velocity for
reinforced concrete pipes, an equivalent steel pipe is determined, based on the thickness of
concrete and the amount of reinforcing steel in the pipe. The concrete pipe wall thickness is
converted into an equivalent steel thickness by multiplying by the ratio of the modulus of
elasticity of concrete to the modulus of elasticity of steel. In most instances this ratio varies
between limits 1/10 and 1/15. However, since some cracking invariably occurs in concrete
pipes, it can be assumed that the ratio is decreased to about 1/20. Hence, for a concrete
pipe of 50 inches inside diameter and 6-inch wall thickness with ¾ inch round reinforcing
bars spaced 5 inches from center to center, the equivalent thickness of steel pipe is
6/20 + .044/5 = 0.39 inch
For a pipe fixed against longitudinal movement the wave velocity is 3200 ft/sec.
(Parmakian, 1955)
Pressure surges are caused by a sudden velocity change of the water in a pipeline. The
additional pressure caused by a surge due to sudden velocity changes is (Burt, 1995):
P
=.01345 a V
Where

P
a
V

=surge pressure, psi
=pressure wave velocity, fps
=initial velocity of the stopped water, fps

In the case for 3200 ft/sec wave velocity we can use the formula above to find the pressure
in this reinforced concrete pipe.
(.01345)(3200 ft/sec)(1 ft/sec) = 43 psi
That is an extremely high pressure for reinforced concrete pipe.
The modulus of elasticity of the material for which the water flows through is a big factor
that determines the pressure wave of velocity. The larger the modulus, the less elastic the
material is. The smaller the modulus, the more elastic the material is. For a PVC pipe the
pressure would be much lower for the same size pipe of a different material.
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PROCEDURES AND METHODS
Evaluation Procedure
Site Notes
 Site Reference: Turnout 328
 Farmer: Marko Zaninovich
 Acreage: 152 acres
 Crop: Grapes
 Irrigation System: Drip
 Irrigators: Miguel and Lalo
 Fields: Two fields (2-blocks, 4-blocks) - each field does about half the 152 acres
 Mainline 12-inch reinforced concrete reduced to 10-inch PVC (1/4 mile)
 Up and over line: 8-inch steel
** One of the overflow screen setups is used for three days and then the other is
used for three days
Site Visit: Turnout 328
 Third Float Valve design was in place.
o Dimensions of the equipment matched drawings made by Russ Angold.
 In order to predict what would happen in other situations, some assumptions were
made.
o The first assumption made was that the pipeline would be 10-inch and made
out of reinforced concrete. Any rise in pressure would be transmitted
through the steel. Reinforced concrete has 45 psi waterhammer per 1 fps.
PVC has 11 psi per 1 fps.
o The second assumption made was that the pipeline would be 12-inch and
also made out of reinforced concrete. Using the equation Q = A x V, where
Q is the flow rate, V is the velocity, and A is the area, the new velocity can be
solved for. The area and flow rate are known. Q = 850 GPM, and A = d2
/ 4. Therefore, the new velocity = (102 / 122) x 3.5 fps = 2.4 fps. The actual
waterhammer would be: 21.6 psi x (102 / 122) = 15.3 psi. What this says that
with a larger diameter pipeline with the same flow rate, the waterhammer will
be reduced because more of the pressure will be dissipated.
Irrigator’s concerns downstream of the turnout
 After talking to the irrigators Miguel and Lalo, pumping air was a concern. There
were a couple of possibilities. One was that there was a problem with flow from the
standpipe to the overflow screens. The other was that the overflow screens did not
have enough water in them at start up to supply the pump during each pump cycle.
 After running a couple of practice tests, it was evident that the pump was pumping
air. The pipelines downstream of the overflow screens were shaking. It took about
four to five minutes for the overflow screens to stabilize and get enough water in
them for the pump.
The water level in the standpipe was the main factor for the reason why the pump would
suck air. When the pump would turn on, the water level in the standpipe would drop and
Irrigation Training and Research Center
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the float valve could not open wide enough to supply the amount of water needed to
maintain a sufficient water level in the overflow screens. One reason the float valve was not
working properly was because it was not adjusted correctly. See Appendix B for instructions
to adjust the float valve. Another problem was the flow rate into the standpipe. If a valve
upstream of the float valve was open, the pressure in the pipeline would drop. In
conjunction with the valve not being adjusted properly, an inadequate amount of water was
sent to the pump.
DEID concerns upstream of the float valve
 After talking with Roland Gross of DEID, the possibility of waterhammer was a
concern.
 Not having enough water upstream to the standpipe was also a concern.
In an attempt to raise the water level in the standpipe, one farmer tried to hold down the
float. The water level in the standpipe rose until the force on the float in the vertical
direction was too much for the farmer to push down against. The farmer let go of the float
and the float quickly rose in the standpipe, causing the butterfly valve to the standpipe to
shut. The slamming shut of the butterfly valve caused a high-pressure wave to travel up the
supply pipeline and crack the reinforced concrete. This is commonly known as
waterhammer.
After accumulating this information, a portable SCADA unit was built at ITRC and used to
evaluate the float valve as well as the pipeline pressures created by the float valve at DEID
Turnout 328.

Figure 6. SCADA Equipment
The objective was to run tests on the float valve to solve the concerns of both the irrigators
and DEID. Two tests were run on the float valve by closing the farmers’ valve downstream
over different time intervals and seeing what happened to pressures in the pipeline upstream
of the float valve, the float position, and the water level in the standpipe. The data was
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logged onto a laptop and analyzed on site to determine if the testing should be continued or
if a quick fix would solve the problem.
The data showed that a significant rise in pressure did occur and that more testing needed to
be done to resolve the problem. See Figure 7 and 8 below. Also see Appendix A.
Pressure vs. Time for 1050 gpm
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Figure 7. Pressure Upstream of Float Valve
Float Postion vs. Time for 1050 gpm
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Figure 8. Float Position/Water Level in Standpipe
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It is evident from the graphs shown above that a pressure increase and the water level in the
standpipe are fluctuating well out of the desired limits.
The float valve assembly for DEID was found to have relatively high pressure rises in the
pipelines due to farmers’ downstream valves shutting off quickly. This sudden rise in
pressure was found on average to be about 13 psi, which can cause some reinforced concrete
pipelines to crack.
This project modified the float valve in order to keep waterhammer from occurring. In
order to modify the float valve another one was built and setup in a location where tests
were run without destroying pipelines. ITRC has a facility where such tests can be done.
After tests were run and modifications were made, DEID had the opportunity to see it work
and gave further input to the modifications.
Construction Procedure
DEID is located just north of Bakersfield. Cal Poly is located on the Central Coast. A
round trip from Cal Poly to Delano is about 290 miles. For this reason, it was decided to
replicate the DEID float valve at Cal Poly. The Irrigation Training and Research Center
(ITRC) has a facility called the Water Delivery Facility (WDF). This facility has many
pumps, canals, and pipelines for research purposes. The idea was to build a standpipe here
and install the float valve assembly that DEID uses onto that standpipe to run tests. See
appendix B for complete AutoCAD drawings.
Standpipe
DEID uses concrete standpipes with an approximate inside diameter of 36-inches. This
would not be feasible to make, so after calling multiple places, a scrap piece of 36-inch steel
pipe from B&B steel was found. The pipe was seven feet long, which was nearly a perfect
length. The height of the standpipe needed to be similar to the one in the field. The inlet
needed to be higher than the outlet and the standpipe needed to have four feet of holding
capacity above the inlet. Since the inlet was about 3 feet from the ground and four feet was
needed above the inlet, the pipe worked perfectly.
The 36-inch steel pipe was delivered to Shop 6 and construction began. The first step that
needed to be done was to determine where the hole for the inlet to the standpipe needed to
be cut. This was determined by the actual height of the existing 8-inch line, which fed the
standpipe minus a ¼-inch for the plate that was welded to the bottom to seal the pipe when
it was stood up on end.
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Figure 9. Inlet to Standpipe
The second step was to determine where to put the drain for the standpipe. There was no
calculation required here. It was put at the lowest point on the standpipe with room left to
install the 12-inch valve.
Now that the locations of the holes were found, cutting out a hole on a cylinder posed a
major challenge. First, the 8-inch flange was tack-welded to the steel pipe in its proper
location. Then, by running the torch along the inside edge of the flange, the hole was the
correct diameter for an 8-inch pipe. The 12-inch outlet hole was done in the same manner.
The flange was tack-welded on and a torch was used to cut the hole. Once the holes were
cut it took a little bit of grinding to get the pipes to fit.
Flanges and Pipes
The flanges needed to be purchased. Dr. Burt and Brian Neufeld of the ITRC stopped by
Fresno Valve and Castings and picked up the flanges.
The outlet pipe was the first of the two to be done. The reason was because it needed no
alignment for installation. The first step was to weld the flange onto a piece of 12-inch pipe.
Once again, a piece of scrap was used. The flange slid right over the outside of the pipe. It
was slid on and tack-welded at the edge of the pipe. Then, a bead was run the whole length
of the flange to ensure it from leaking. Now, with the pipe and the flange welded together it
was time to weld it to the standpipe. The pipe was inserted through the proper hole and
welded so the valve would be perpendicular to the ground.

Figure 10. Outlet Valve to Overflow Screens
Irrigation Training and Research Center
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The inlet flange was next. The inlet flange had to line up with the existing flange in the field.
Starting in the same manner as before for the outlet pipe, the inlet pipe was done. A piece
of scrap 8-inch pipe was used for the inlet. It needed to be cut to 24-inches to match the
outlet. Next, the flange was tack-welded to the end of the 8-inch pipe. However, this time
the pipe could not be welded to the standpipe until it arrived at the WDF to be installed.
This was to insure that the flanges would line up.

Figure 11. Inlet Valve to Standpipe
End Cap
The standpipe, now in the vertical position, needed a cap on the bottom end to prevent the
water from escaping through the bottom. Again, a piece of ¼-inch scrap plate was found to
weld to the bottom of the 36-inch pipe to seal it. The plate was cut into a square
approximately 40x40-inches. Using the overhead crane, the standpipe was then placed on
top of the plate in Shop 6 and welded to it.
Installation
The standpipe was taken up to the WDF on a forklift. The forklift was used to move the
standpipe around to the proper location for installation. The inlet pipe was lined up to the
existing pipe with the butterfly valve bolted between the two. Now that the flanges were
aligned and the valve in place, the pipe was welded to the standpipe using a portable welder.
With the inlet valve installed, the outlet valve needed to be installed. A 12-inch valve that
DEID loaned to ITRC was used. The valve was bolted between the flange that is welded to
the 12-inch pipe and a loose flange.
With the standpipe ready the next step was to install the float valve assembly. DEID loaned
a float valve assembly to ITRC to run the tests. The assembly was bolted on and installed as
it is in the field.
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Figure 12. Entire Standpipe, Third Design before Modifications
Next, a hole was drilled into the existing pipe upstream of the valve and ¼-inch pipe threads
were installed for the pressure transducer. Now with all the fabrication work completed,
tests could be conducted.

Figure 13. ¼-inch Pipe Threads.
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Testing Procedure
The objective was to run tests on the float valve to solve the concerns of both the irrigators
and DEID. Various tests were run on the float valve by closing the outlet valve quickly and
monitoring the pressures in the pipeline, upstream of the float valve, the float position and
the water level in the standpipe.
SCADA Equipment
The same portable SCADA unit that was used for the original testing was the same
equipment used for testing the model standpipe. The unit consisted of a Celesco float
sensor, model # PT420-0060-111-1110, which measured the amount of movement by the
float. A Druck submersible pressure transducer, model # PTX-1230, which measures the
water level in the standpipe, and a KPSI 0-100 psi industrial pressure transducer, model #
27-142-00100, which measured the pressures in the pipeline upstream of the float operated
butterfly valve.
The SCADA unit was then connected to a laptop computer via a communication cable. A
software program, Lookout®, was used to interpret the data. The data was logged onto the
laptop and entered into Excel in order to graph the data. Data was logged every time a test
was run. Tests were run at various flow rates. The flow rate was manually adjusted using a
valve directly upstream from the float valve. This was to determine if the intensity of
waterhammer would increase or decrease relative to the flow rate.
With the SCADA equipment connected to the float assembly, water was run into the
standpipe. The float rose and the valve closed just as the float was set up to do. Now that
the float valve was understood to be operational the tests could begin.
Testing the Float Valve
The model standpipe could not replicate the actual standpipe for a couple of reasons. One
of the reasons was that the source of water pressure was different. At DEID the pressure to
the float valve was because of gravity. At ITRC the pressure was supplied by a pump. As
the float valve would close, the pump would continue increasing the pressure to the float
valve. A pump curve had to be accounted for in the data collected at ITRC. Another
reason was because the source was at different distances from the float valve. At DEID the
source was a pipeline that was miles long. At ITRC the source was about 100 feet away.
This was significant because the wave could be seen when it had to travel a great distance,
but in a 100 feet the wave traveled so fast that it could not be seen in the data. This means
that the testing had to change to accommodate for the differences. The testing was done as
follows:
1. Turn on the pump.
2. Set valve “A” at 90 or closed.
3. Adjust valve “B” so the inlet Pressure (P) to valve “A” = 5 psi.
4. Make note of the flow rate.
a. Q = C-D
5. Measure the force to hold the inlet butterfly valve.
a. Note the angle.
6. Adjust valve “B” so P = 10 psi.
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7. Make note of the flow rate.
a. Q = C-D
8. Measure the force to hold the inlet butterfly valve.
a. Note the angle.
9. Adjust valve “B” so P = 15 psi.
10. Make note of the flow rate.
a. Q = C-D
11. Measure the force to hold the inlet butterfly valve.
a. Note the angle.
12. Change the angle of the valve to just cracked.
a. Repeat steps 1-11.
13. Change the angle of the valve again opening it a little further.
a. Repeat steps 1-11.
14. Continue to open the valve a little at a time.
a. Repeat steps 1-11.

Figure 14. Testing Procedure Drawing
This was done in two separate cases. One case was with the float disengaged and the second
was with the float engaged. The collected data was entered into Excel and graphed to study,
as shown below in Figures 15 and 16.
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Figure 15. Valve Angle vs. Flow Rate Disengaged
Valve Angle vs. Flowrate
Engaged
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Figure 16. Valve Angle vs. Flow Rate Engaged
Another test was run to determine how much pressure it took to hold the valve at any given
location. This was done by putting the valve at various angles and putting various pressures
through or against the valve.
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After running tests with the butterfly valve in different locations and at different pressures,
the conclusion was that the valve would not move when pressure upstream of the valve was
applied. Below is the data for minimum and maximum pressures.
 2.5 PSI - with the valve angle set at any angle from 0 to 60 degrees the valve will not
move.
 45 PSI - with the valve angle set at any angle from 0 to 60 degrees the valve will not
move.
With two extremes tested and in both cases the valve did not move it is assumed that the
valve will not move for any pressures or valve angles between the ones tested above.
Modification Procedure
As the float rises the butterfly valve closes quickly, causing waterhammer. Field test results
indicated that the pressure upstream from the butterfly valve rose on average by 12 psi.
Ideally, the pressure should not increase. Solutions modifying the design must meet the
following criteria:
A. Supply grower with at least 1200 gpm.
B. Very little to zero waterhammer.
C. Float control valve regulates flow into the standpipe properly.
The next step to the modification was to make the mechanical advantage better. Some
options or combinations of options for doing this are as follows:
1. Determine the optimum reduction ratio using AutoCAD by varying the connecting
rod length.
The float control valve had a 67 inch connecting rod that connects the float lever arm and
the valve lever arm. In this configuration, the butterfly valve had approximately 53 degrees
of travel from the closed to open position. Using AutoCAD to simulate valve closure, the
length of the connecting rod was modified and as illustrated in Table 1, a length of 64 inches
would provide a reduction ratio of 4.1 to 1. (See Table 1 below and attached drawings in
Appendix C.) This means the valve will close more slowly than the original design.
Table 1. Rod Length Effect on Reduction Ratio
Rod Length (in) Float arm Travel (in) Valve arm Travel (in)
Original Design
67.00
43.46
11.10
Trial 1
60.00
34.54
11.10
Trial 2
74.00
28.95
11.10
Trial 3
65.00
45.39
11.10
Trial 4
64.00
45.50
11.10
Trial 5
62.00
42.47
11.10

Ratio
3.92
3.11
2.61
4.09
4.10
3.83

At the test site a pair of standpipes stand side by side and fill-up with water equally as fast.
The problem was that most of the sites only have one standpipe. This means the water level
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would rise much faster, and changing the connecting rod length may not be enough to solve
the problem of waterhammer of waterhammer.
Another problem with changing the rod length was that every standpipe was a little bit
different so in some cases one length was optimal, but in another case it was not. For this
reason, the rod length would remain the original length of 67 inches.
2. Lengthen the float lever arm.
Lengthening the float lever arm would increase the reduction ratio. A way to do this was to
add 6-inches to the lever arm, thereby extending the length the float must travel and the
amount of time it took the butterfly valve to close. A float lever arm 36 inches long instead
of 30 inches increased the reduction ratio but also caused a greater force that was applied by
the float to the butterfly valve. (See Table 2 and drawings in Appendix C)
Table 2. Extension Effect on Reduction Ratio
Rod Length (in) Float arm Travel (in) Valve arm Travel (in)
8" pivot, 36" arm
67.00
54.63
11.10

Ratio
4.92

Math proved that the 6 inches of extension would help in the reduction of waterhammer. It
was impossible to show this using the model standpipe because the waterhammer was not
evident at ITRC for the reasons listed previously in this report.
3. Change the pivot point and lengthen the lever arm.
Another way to improve the reduction ratio was to change the pivot point on the float lever
arm. The pivot point cannot deviate greatly from its designed position because the
connecting rod had to be a fixed length and needed to have at least 45 degrees of rotational
movement. By changing the pivot point by one inch and extending the arm to 36 inches, the
reduction ratio became 5.67 to 1. (See Table 3 and drawings in Appendix C) However, this
solution would also greatly increase the force that was applied by the float.
Table 3. Pivot Point and Extension on Reduction Ratio
Rod Length (in) Float arm Travel (in) Valve arm Travel (in)
7" pivot, 31"arm
7" pivot, 36"arm

67.00
67.00

45.99
53.43

9.43
9.43

Ratio
4.88
5.67

Though changing the pivot point mathematically was a good idea, mechanically it was not.
This would make the force on the float valve much greater than necessary and it would also
work against the purpose of a spring, shock, or stop if one needed to be installed.
4. Install a spring or a shock on final closure.
Install a spring or shock on the final closure of the valve. The spring force or shock would
help fight the float force slowing the closure of the valve. Should the other solutions be
insufficient, a spring or shock may be another good choice.
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After testing a shock on the model standpipe, it showed that it did not do anything to reduce
the speed at which the float valve closed. What would happen was the water would rise a
little higher on the float until there was enough force to overcome the shock. For this
reason the idea of a shock or spring was eliminated.
5. Put a stop on butterfly valve action or machine the valve so there would always be
discharge of at least 300 gpm.
In order to keep the pressure in the line from increasing, causing waterhammer, another
option existed. Do not permit full closure of the butterfly valve or allow bypass through the
valve.
Some tests were run on the model standpipe to see how well a stop would work. See results
below.
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Figure 17. Height of Screw vs. Spillage
This may be an easy solution; however, the grower now has approximately 300 gpm on
average that must be dealt with.
6. Investigate other designs such as:
a. Scissor linkage
b. Thinner float
If all else fails, change the design. A scissor linkage type of design may be a better choice.
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RESULTS
DEID Turnout 328 definitely had some problems. The main problem was the pressures
tested in the pipeline would nearly double what it started at. The float valve assembly was
reinstalled at the actual location and then tested using the SCADA equipment. The data
indicated that the modifications to the float valve had worked. The modifications made were
a 6 inch extension to the float lever arm and the addition of a stop.
In a trial test, a shock absorber was installed to limit the increase in pressure during closure.
It did not work as hoped. The results are shown below in Figures 18 and 19.
Pressure vs. Time for 1000 gpm with shock
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Figure 18. Pressure vs. Time with Shock
Float Postion vs. Time for 1000 gpm with shock
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Figure 19. Float Position vs. Time with Shock
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The float simply overcame the force required to move the shock. For more graphs at
various flow rates see Appendix D.
Two of the options listed in the modification procedure were chosen to fix the problem.
The first was to extend the float lever arm, shown in Figure 20. The second was to put a
stop on the float to keep it from completely closing, since most of the waterhammer effects
occur in the last few degrees of closure, shown in Figure 21.

Figure 20. Stop and Extended Float Lever Arm

Figure 21. Stop During Operation
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With the new float lever arm and the stop in place, some tests were run using the SCADA
equipment to find out if the modifications to the float valve did indeed work. See Figures 22
and 23 below. For further graphs see Appendix E.
Float operation at 1100 gpm with 6-inch extension utilizing the stop at 50 gpm
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Figure 22. Pressure Increase with Extension and Stop in Place
Float Position vs. Time at 1100 gpm
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Figure 23. Float Movement with Extension and Stop in Place
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Maintaining a constant water level, as can be seen below in Figure 24, was also achieved.
One reason the grower was not able to achieve the desired flow rate was because the valve
was not adjusted properly. A set of instructions for how to properly adjust and operate a
float valve can be seen in Appendix F.

Figure 24. Optimum Water Level in Standpipe
After working with the model standpipe at ITRC, a better understanding of how to operate
the float valve was developed. In Figure 25 below, Roland of DEID, used the instructions
to adjust the float valve for optimum performance.

Figure 25. Roland Adjusting the Stop
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DISCUSSION
The simulated float valve assembly did not work as expected to. The Water Delivery Facility
(WDF) and DEID have two different sources from which water is pressurized to the
standpipe. This was a problem that could not be fixed.
The reason why the tests were not similar to one another was because of distance. At the
WDF the distance from the pump to the standpipe, approximately 100 feet, was not far
enough for waterhammer to develop. At DEID the standpipe and the source could be miles
apart, allowing waterhammer to become present.
At the WDF, the pressure would increase and continue to increase in the pipeline upstream
from the butterfly valve until it could not rise anymore. This was due to the fact that a
pump at the WDF supplies the source of water into the standpipe, not gravity, which is the
case at DEID. However, this should not be a problem because the pump curves are known
for the particular pump being used. After looking at the pump curve and the data collected,
it revealed that no waterhammer was taking place. At DEID waterhammer was very
evident.
The original idea to slow the valve down was to install a shock on the float lever arm. This
was tested in the field before anything else was done, in hope that the shock would resolve
the problem. It did not work as planned. The float became submerged until it had enough
force to just overcome the resistance by the shock absorber, and close the valve at the same
rate.
The next idea was to install a spring on the last few degrees of closure. As the spring was
stretched, the tension would increase and slow the valve down. This idea was contemplated
but never tried for the same reason as the shock. The float would continue to be submerged
until it had enough force to overcome the tension of the spring and close the valve.
Another idea was to work with the angles on the float valve lever arms and find the best
reduction ratio. This was done but then looked at more closely. The problem with finding
the right ratio was that every turnout at DEID is a little bit different. This means that to get
the optimum ratio it would have to be calculated for every turnout. This would be too time
consuming. Therefore, the original length (a happy medium) was left in place.
The decision to extend the float lever arm was a main factor in the reduction of the amount
of waterhammer that would occur. The extended length the float needed to travel slowed
down the rotational movement on the valve with a positive outcome. The idea for the stop
was also chosen for the simple fact that if the valve was not allowed to close then
waterhammer would not occur. The stop was fully adjustable, making it flexible enough to
work at sites with 2000 gpm to sites with only 300 gpm. Considering that the stop consists
of only a big bolt and a piece of angle iron, it did not add much more of an expense.
During one of the visits to DEID while going through the instructions and explaining to
Roland how to adjust the valve waterhammer was experienced. While adjusting the valve to
show Roland and the irrigator that a higher flow rate could be obtained, a crescent wrench
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was held on the valve stem. Roland adjusted the valve upstream of the float valve.
Turbulence began to come through the float valve. The valve started shaking and it was
impossible to keep the crescent wrench on the valve. The valve literally slammed shut and
an extremely loud noise was heard. The crescent wrench was placed back on the valve as
quickly as possible, but it was not quick enough. Approximately five or six seconds later,
two geysers came from the ground and rose three feet in the air. Sure enough, waterhammer
cracked the line and testing was done for the day. About a week later pictures were taken of
the concrete line. Pictures of the reinforced concrete line can be seen below in Figures 26
and 27. Final adjustments to the float valve were also made at this time.

Figure 26. Waterhammer (Outside of Pipe)

Figure 27. Waterhammer (Inside of Pipe)
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RECOMMENDATIONS
With the new float valve installed and operating, Roland wanted to have another couple of
tests run. He wanted to see what the pressure in the pipeline was like when an irrigator
closed the valve and when a DEID employee closed the valve. I agreed and decided to log
the data for this project.
The first test was run and Roland pretended to be an irrigator. The pressure in the line
jumped up over 30 psi from a starting point of 12 psi. He then reopened the valve and did
the test again, closing the valve as he would. The differences were very visible as can be seen
in Figures 28, 29, 30 and 31 below.
Farmer's Valve Upstream of Float Valve
Valve closure similar to irrigator shut off.
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Figure 28. Valve Closed as an Irrigator Would Close It
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Float Position while farmer's valve was closed as an irrigator would close it
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Figure 29. Float Position While Irrigator Closes Valve
Farmer's Valve Upstream of Float Valve
Valve closure similar to how DEID employee would shut it off.
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Figure 30. Valve Closed as DEID Employee Would Close It
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Float Position vs. Time, DEID employee closing the farmer's valve
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Figure 31. Float Position While DEID Employee Closes the Valve
I would recommend that DEID or ITRC hold a course for irrigators to inform them about
waterhammer and the damage it can cause. Many irrigators have no idea why it occurs or
what damage can come from it. Furthermore, I would recommend teaching them the basic
principles about the float valve. For instance, the irrigator for Turnout 328 did not
understand that the float valve does all the water level adjusting for them. One irrigator was
still adjusting the valve upstream of the float valve to get the desired flow rate he wanted.
Some farmers do not want to put the float valve on their turnouts because they think that
the valve will work against them. They assume it will not give them enough flow or not
maintain a constant water level. Irrigators and farmers need to be informed about the new
valves they employ or will employ in the near future.
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