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ABSTRACT

The existing irrigation system for the avocado grove on the back side of Cal Poly’s Radio
Tower Hill is not sufficient to support the entire 10 acre grove simultaneously, even though
there is plenty of flow and pressure available at the water source. A new design for the
system was formed which would improve the distribution uniformity and ease of operation
for the irrigators. The full system was analyzed for the installation materials and labor to
give a single overall cost estimate.
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recent improvements have greatly increased the proficiency of the system, and a distribution
uniformity of 0.85 was recorded in an evaluation conducted in the fall of 2013 (BRAE 236
Report). This distribution uniformity is still a bit low for a micro sprinkler system like this,
but is a huge improvement over what it had been. Each micro sprinkler is feed by a % inch
nominal size polyethylene hose, which is fed from a buried sub-main or the main line pipe.
The polyethylene hose and the micro sprinklers are still relatively new and in good enough
condition to be reused in any new design. However, because there is no irrigation system
map for the grove there is no clear knowledge of the system pipeline hydraulics.

Although the grove is only about 10 acres, during the summers it must often be operated in
two sets because there is insufficient pressure to operate the entire system at once.

According to Jonny Rosecrans, the current manager of the grove, if there is 80 psi. pressure
at the filtration station at the base of the grove, one can generally expect to have about 20 psi.
pressure at the upper end of the grove. Unfortunately, 20 psi. is not enough pressure to
reliably operate the pressure compensating micro sprinkler emitters. Thus, irrigators must
manually open or close the sub-main or lateral valves to form different irrigation sets within
the grove. Each set is run twice per week so if the grove must be split into two sets, the
system must be operated four days per week, every week. Such operation increases labor
cost and decreases the irrigation flexibility.

Because the grove is on a hillside with significant elevation change, the friction losses
through the pipes need to be investigated so that pressure is not being unreasonably lost. A
pressure transducer at the filter station communicates with a well pump in Field 25 to
theoretically provide sufficient pressure to the system. However, when several other fields
are also being irrigated, the pump cannot always keep up with the pressure demands for this
grove. The irrigation water for this grove can be supplied by either surface water storage or
wells, both of which are on the Cal Poly campus. Yet during drought years, the surface water
is often unavailable.

Project Justification

There is a huge avocado industry in Southern California. However, due to the extensive
urbanization of Southern California, many avocado groves are planted on steep hillsides
where the land is cheaper. These groves need special irrigation considerations so that the
whole grove can be irrigated uniformly, despite significant elevation changes. Especially as
water continues to become more expensive and harder to obtain, efficient irrigation systems
and strategies are required. Poorly designed or operated systems can waste large quantities
of water to deep percolation and runoff. Cal Poly State University has a small hillside grove
on Radio Tower Hill, similar to the larger industry groves. The water hydraulics in the
buried piping for this grove is unknown and potentially inefficient. Hydraulic inefficiencies
can result in unnecessary pressure requirements and poor distribution uniformity across the
irrigation system. This senior project will evaluate the current irrigation system for the grove



and propose a system redesign that will improve the hydraulic efficiency, distribution
uniformity, and irrigation system clarity for the Radio Hill avocado grove.

Objectives

One objective of this project is to evaluate the water hydraulics in the buried pipelines in the
Radio Hill avocado grove. In this evaluation, the grove evapotranspiration rate, pressure
losses due to friction and elevation gain, and water control to individual blocks will be
analyzed. Once this evaluation has been made, another objective is to create a new design for
the underground pipelines that would minimize pressure losses within the system enough so
that the whole grove could always be operated in one set. This project does not cover the
installation or implementation of this new design. However, it will include cost estimates for
installing the system and recommendations for installation and operation.



LITERATURE REVIEW

California Avocado Industry

An avocado is a green tropical tree fruit which is high in potassium, healthy fats, protein, and
several other key vitamins (Medical News Today 2013). As the American society becomes
more concerned about healthy eating, and the Hispanic population increases, demand for
avocados is rising. (Ag Marketing Resource Center, 2014). In 2012, the state of California
produced about 195,000 tons of harvested avocados, and had nearly 60,000 acres planted (Ag
Marketing Resource Center, 2014). With an average price of about $2,500.00 per ton, this
represents a $490 million market for California (Ag Marketing Resource Center, 2014).
However, high water prices, foreign competition, and strict regulation make avocado farming
difficult (Wohlford, 2013). Many avocado groves in Southern California utilize drip or
microsprayer irrigation to plant groves on hillsides and rough terrain since most flat land has
been urbanized. However, such hillside groves require special consideration when designing
the roads, blocks, and irrigation system (Hillebrecht, 2014). Figure 2 shows a hillside
avocado grove in Sonthern Califarmia

Figure .. 1 sciuie Ut a siue avocado grove mn Southern Calitornia
(www.thinkavocado.com).

Avocado Iirigation Requirements

Because avocados are semi-tropical trees, they must be irrigated in California. According to
Wohlford, irrigation costs can be as much as 50% of the annual gross income from a grove.
Thus, understanding how much water an avocado tree requires or the evapotranspiration rate
is key. Evapotranspiration rate is the amount of water removed from the soil by direct
evaporation and by transpiration through the plant. Ideally, the irrigation water delivered to
each tree should match the evapotranspiration rate. Evapotranspiration rates vary depending
upon the crop, the amount of foliage, and the weather (Burt and Styles 2011). Direct
measurement of evapotranspiration is difficult especially with tree crops. Therefore, 1t 1s



found indirectly by adjusting a known evapotranspiration rate in the vicinity with a crop
coefficient K, as shown below.

ET. =K. *ET, (1)
ET. = Crop evapotranspiration
K¢ = Crop Coefficient
ET, = Grass referenced evapotranspiration

To standardize evapotranspiration measurements, all CIMIS stations only measure ET, and a
crop coefficient factor is used to relate that ET, with the actual evapotranspiration of the crop
(the ET.). CIMIS stands for California Irrigation Measurement Information System and it
has various stations around California which constantly measure ET,, for that area (CIMIS
2009). From FAO No. 56 by Allen et al., the K crop coefficient for avocado trees varies
from 0.60 to 0.85 depending upon the time of the year, although Carr predicted the K, to be
as low as 0.4 to 0.6 under certain climate conditions. In general, the K value for avocados
tends to increase for the hotter months of the summer and then drops again for the cooler
winter months (itrc.org, 2014). This crop coefficient is then multiplied by the ET, for the
area at that time to determine the approximate evapotranspiration rate of an avocado tree in
the grove.

Soil type is a factor in determining the amount of water that must be applied, but less
important than evapotranspiration rate. Soil infiltration rate, or the speed with which the soil
takes in water, has major bearing on the irrigation strategy. If the water application rate is
higher than the soil infiltration rate, run-off will occur which wastes the water and can cause
erosion issues (Burt and Styles 2011). Water and soil salinity is also a huge factor for
avocados as they are salt sensitive (Carr 2013). It is therefore key that enough water is
supplied to maintain high soil moisture content and to operate with proper leaching practices.

Erosion

On a hillside, soil erosion can be an issue of major concern. Especially roads are susceptible
to erosion problems as they lack any vegetative cover and are generally sloping. Erosion
ought to be one of the main considerations in the design of grove access roads (Brady 2009).
It must also be investigated as to where water will drain from the field during a big rain to
prevent the formation of massive gullies or soil deposit in undesired locations (Tamas 2011).

Surface lirigation

On hillsides, surface irrigation is much more difficult than on a flat uniformly shaped field.
However, it is very possible to use surface irrigation as long as the furrows are cut on
contours with the hillside to create a uniform slope throughout the furrow (Hillebrecht,
2014). However, the high labor, maintenance, and earthwork requirements make surface
irrigation too inefficient when compared with other methods.



Hand-move or Solid-set Sprinklers

The major changes in elevation on a hillside also make traditional sprinkler systems difficult
to operate and manage efficiently. Top sprinklers will always be under-irrigated while the
bottom sprinklers will get over-irrigated as a result of the pressure difference between the top
and bottom of the grove (Burt and Styles 2011).

Micro Sprinklers

By far the most common irrigation strategy for avocados today, especially in groves planted
on hillsides, is to use single or dual micro sprinklers to irrigate a single tree. There are many
different types, styles, and sizes of micro sprinklers. A common spinner type of micro
sprinkler 1s shown in Figure 3 as it waters a young avocado tree.

Figure 3. A micro Spuunicr 15 nngaung a young avocado tree (www.dripirrigation.com).

For agricultural uses, these micro sprinklers are generally rated for flows between 8 and 80
gallons per hour but have considerable variation according to the manufacturer, the emitter
size, the application, and many other factors (Netafim 2013). Flow rate is the volume of
water an emitter will put out in a given time. For micro sprinklers, this is often referred to in
the units of gallons per hour [gph]. For example, a 20 gph emitter will spray 20 gallons of
water in one hour. Most micro sprinkler manufacturers will provide a table that gives the
specifications for a certain micro sprinkler nozzle under various conditions. For example,
Table 1 on the following page shows the performance of some of TORQO’s micro sprinklers.






Most pressure compensating micro sprinklers use a rubber diaphragm that partially covers
the emitter orifice to conduct the pressure compensation. [f the pressure in the emitter
increases, then the diaphragm flexes and effectively reduces the orifice size. This smaller
orifice essentially changes the emitter’s K value so that the flow rate will remain the same
even though the pressure is higher. If the pressure then decreases, the rubber diaphragm
constricts, effectively enlarging the orifice so that a higher flow rate can be reached at a
lower pressure.

A major limitation to pressure compensating emitters is that they require a relatively high
operating pressure to provide adequate pressure compensation. At pressures lower than 20
psi, the emitters do not operate correctly and little flow control is provided (Netafim 2013).
For this reason, it can be difficult to convert a system from traditional micro sprinklers to
pressure compensating emitters. Before such a conversion can be considered, one must
ensure that sufficient pressure can be provided to every sprinkler to activate the pressure
compensation. Another issue with pressure compensating emitters is that their orifices are
quite small. This can increase the chance of an emitter plugging, especially if the water is
not properly filtered. Even if the water is filtered well, ants and other insects can crawl into
the emitters when they are off and plug them (Hillebrecht, 2013). Ideally every tree’s emitter
ought to be checked for plugging at the beginning of each irrigation to combat this issue.
However, that could require a significant amount of time on larger groves. Also, the rubber
diaphragms have a limited life expectancy and may need to be replaced after several years.
However, it can be difficult to know whether the sprinklers are performing properly without
testing a reasonable number of them. Additionally, these PC micro sprinklers are often
significantly more expensive, especially when purchasing large numbers to irrigate an entire
grove (Netatim 2013).

Hoses and Pipelines

In a micro sprayer system, water is generally delivered to the emitters through PVC pipe and
polyethylene hose. Nominal size refers to the name used to identify a pipe size, but it does
not necessarily refer to its actual dimensions. All pipes of the same type and nominal size
will have the same outer dimensions so that fittings are interchangeable. There are two types
of PVC pipe which are commonly used in agriculture, namely Iron Pipe Size (IPS) and
Plastic Irrigation Pipe (PIP). These two types each have various nominal sizes, such as 6
inch, 8 inch, 12 inch, etc. however the actual dimensions for outer diameter are not the same
between these types. If fact, the outer diameter with IPS is about one half inch bigger than
the outer diameter for PIP pipe (Burt and Styles 2011). It is therefore very important to be
consistent with the type of pipe being used.

Some advantages to using PVC pipe over steel, aluminum, or other materials for the
irrigation pipes include materials cost, ease of installation, PVC is inert so corrosion is not an
issue, and repairs are generally simpler (Derong 2002).



The lateral lines on which the emitters are located are usually designed and installed with
polyethylene tubing (Kang, 1996). The micro sprayers are punched directly into the poly
tube lines. These lines are flexible and can be laid directly on the surface of the soil. This
greatly reduces the installation cost. However, on the surface rodents, coyotes, and
equipment can cause holes in the tubes which must be quickly repaired (Wohlford 2013).
The repairs are very simple but if undiagnosed, large amounts of water can be wasted.

Pipeline Hydraulics

Hydraulics here refers to the properties and characteristics of water as it flows through the
pipelines of the irrigation system. These properties can be analyzed by using several fluid
equations. The first and most basic equation used to describe water hydraulics is the
Bernoulli Equation shown below.

Elev, + P, + ( V\*/ (2*g) ) = Eleva + Py + ( V,7/ (2*g) ) + Hy — Hp — Hy (3)
Where:
Elev, = Elevation at point 1
P, = Pressure at point 1
Vi = Water Velocity at point 1
g = gravitational acceleration
Elev, = Elevation at point 2
P> = Pressure at point 2
V- = Water Velocity at point 2
H, = Pumping energy
H¢ = Energy loss due to friction
Him = Energy loss due to hydraulic minor losses

This equation provides a means by which the hydraulic properties at different points through
a system can be related to each other. Using this equation, it is possible to predict the system
pressures at any point in the irrigation system, assuming that the elevation, water velocity,
pumping energy imparted, and hydraulic energy losses due to friction and minor losses can
be determined. The Bernoulli Equation should always be the fundamental basis for every
hydraulic system design.

There are several different equations which govern the pressure changes through a pipeline
system. For agricultural applications, the Hazen-Williams equation is generally accepted to
be the rule for pressure loss due to friction between the pipe and the water (Finnemore 2002).

Hy=10.5 * (Q/C)~1.852 * L * ID"-4.87 (4)
Where:
H¢ = Pressure loss due to friction [ft]
Q = Flow Rate [CFS]
C = Roughness Factor [unit-less]
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L = Length of Pipe [t]

ID = Pipe Inside Diameter [in]

This empirical equation relates flow rate, pipe length, pipe diameter, and friction loss within
a pipe. It can therefore be used to determine the proper pipe sizing to achieve the desired
pressure at each emitter (Burt and Styles 2011).

Distribution Uniformity

Evaluating an irrigation system to determine its efficiency begins with examining the
distribution uniformity. Distribution uniformity (DU) is a measure of how well water is
disbursed across the whole grove by comparing the application rates of each emitter (Burt
and Styles 2011). DU low quarter is the average emitter application rate of the fourth of
emitters with the lowest application rate divided by the total average emitter application rate.
The equation for this is shown below in Equation 5.

DU\q = Qavg. low quarter / Qavg. (5)
Where:
DU, = Distribution Uniformity Low Quarter
Qavg. low quaner = The average emitter flow rate of 25% of emitters with the lowest flow rate
Qave = The average emitter flow rate of all the emitters.

For a micro sprayer system, a good DU is between 0.88 and 0.94 in general although this
depends largely upon many factors (Burt and Styles 2011).

The distribution uniformity largely determines the system needs because the system must be
designed so that every tree receives at least the amount of water required. This will result in
a large portion of the grove being over-irrigated. However, a smaller DU will reduce the
amount of over-irrigation required by limiting the variation in emitter application rate (Burt
and Styles 2011).
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METHODS AND PROCEDURES

Distribution Uni*~~nity Requireme*-

The target distribution uniformity for this irrigation system is 0.95. This means that the
average emitter flow rate for the worst 25% of the emitters cannot be less than 95% of the
overall average emitter flow rate for the entire grove. For this design, the overall distribution
uniformity is simply due to variation in emitter flows. Although the micro sprinklers do not
wet their entire pattern uniformly, it is assumed that all the water that leaves the emitter is
applied to a single tree. Unlike with larger sprinklers, micro sprinklers are not meant to wet
the entire field but rather to apply the water only to a small area where the tree can easily use
it. Thus, catch-can DU can be neglected.

Eva=~*ranspiration Rate Analysis

Determining the evapotranspiration rate of the grove is the first step in designing or
evaluating an irrigation system. The entire purpose of an irrigation system is to ensure that
sufficient water is supplied to each tree to match the evapotranspiration rate for each tree.
Because the evapotranspiration rate changes throughout the year, the system must be
designed to support the trees when experiencing the highest ET, which in California
generally occurs during the month of July. For the other months, either the irrigation
duration or frequency can be adjusted to match the ET.

In order to determine the maximum ET for the Radio Hill avocado grove, historical data from
several sources was examined. On the Cal Poly campus, there is a CIMIS station which
monitors local ET, rates. CIMIS stands for California Irrigation Management Information
System and is composed of over 150 different weather stations throughout the state. These
weather stations use a combination of different types of sensors to measure, record, and
publish the ET, of the reference crop grass. That published ET, can then be used by farmers
and other growers to predict the irrigation requirements for their crop. On the CIMIS
website, local daily ET, data spanning many years can be acquired. Table 2 shows the ET,
from the Cal Poly CIMIS station for the month of July spanning from 2004 to 2013.

Table 2. Total ET for July in Various Years (CIMIS.com).

Year ET, Y ear ET.

2004 5.33 in 2009 6.20 in
2005 6.08 in 2010 5.58 in
2006 5.94 in 2011 6.44 in
2007 6.35 in 2012 6.38 in
2006 6.05 in 2013 6.34 in
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From the data in Table 2, it was determined that the average ET, data for the month of July
over the last 10 years is 6.075 inches. However, the average ET, is not the best measure for
designing an irrigation system. The design should consider the maximum reasonable ET for
all its parameters in order to guarantee that sufficient water could be applied if the maximum
ET was ever met. Therefore, 6.50 inches per July was used as the ET,, basis for the redesign.

In order to apply this ET, to avocados, it must be multiplied by the proper K, value.
According to FAO No. 56 by Allen et al., the K for avocados ranges from 0.6 to 0.85
through the year peaking during the hotter summer months. Therefore, for this design 0.8
was used as the K. This resulted in an ET, of 5.2 inches per July. This is very similar to the
ET. of 5.39 inches that the ITRC estimated for avocado trees on California’s Central Coast
during a dry year (itrc.org, 2014).

Ensuring System Can Meet ET. Demands

With the ET, now determined, the 9 GPH micro sprinklers must now be examined to ensure
that they can provide sufficient water to meet the maximum ET.. To do this, the ET, must
first be converted from a depth of water into a flow rate, and then compared to the micro
sprinkler flow rate. The calculations for this are shown below.

To convert the ET, for July into an average daily ET,:

ET. daily = ET, July / 31 days in July

ET, daily =5.2 in/ 31 days = 0.168 in/day

Area =25 ft * 10 ft = 250 ft* (from the average tree spacing)

To convert a depth to a flow rate:

GPM = (Inches * Area) / (96.3 * Hours)

GPM = (0.168 in/day * 250 ft°) / (96.3 * 24 hours/day)

GPH = GPM * 60 minutes / hour = 1.09 GPH

The distribution uniformity must then be considered as a portion of the field will be over-
irrigated so that other points will not be under irrigated. The value 0.87 was used as the DU
rather than the design DU of 0.95 so the system could be overdesigned in case of system

ware or disrepair.

GPH Net = (1.09 GPH/ 0.87 DU )= 1.25 GPH
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Critical Path Analysis. In order to properly size the pipes for the main line and each of the
manifolds, the critical path must be determined. The critical path is the course through which
water flows to get to the “most difficult” point in the system. This point can be identified by
looking at the pressures at each point in the system. The point with the lowest pressure is the
end of the critical path. All pipe sizing should be referenced from the critical path to ensure
that there is sufficient pressure at that point. If there is sufficient pressure for the point at the
end of the critical path, then there will be at least that much pressure everywhere else in the
system.

For this design, the critical path runs up the main line to Manifold 4, then to the end riser, and
down the southern hose from that riser. This was determined by first finding the pressures at
each row riser for every manifold using the Hazen-Williams Equation, the Bernoulli
Equation, and determining the minor losses. The tables for these calculations are shown in
Appendix B. After the riser with the lowest pressure was discovered, the hose leading to the
emitter was analyzed. The riser through which the critical path runs feeds hoses in either
direction. Therefore, each hose had to be analyzed for pressure loss to determine the final
critical path. This analysis is recorded in Appendix B. Interestingly, the critical path ends
before the end of the hose. This is because the dropping elevation actually added pressure to
the line after the critical path.

Once the critical path was determined, the mainline pipe sizes were adjusted for maximum
efficiency and economics. Smaller pipe is cheaper than larger pipe, so pipes ought to be
downsized as much as possible without exceeding the pressure loss limit determined by the
end of the critical path. Friction loss through the pipe is the main factor determining the
minimum pipe size for a given segment. As the flow rate through the line decreases due to
various blocks, the pipe size can also be decreased. Thus the main line was sized in order to
provide sufficient pressure to properly operate the pressure compensating emitter at the end
of the critical path since it would have the least pressure in the entire system. For all the pipe
sizing, it was assumed that the pressure after the filters is at least 80psi. This is a safe
assumption as the Cal Poly irrigation system pressure is maintained by a well pump that will
automatically turn on if the pressure drops too low.

After the main line was sized, the critical path for each block was determined. Each
extended from the intersection with the main line to the place hydraulically farthest from that
intersection. Each block was then resized to the minimum pipe size required to provide
adequate pressure to the end of that block’s critical path. The tables for these calculations are
shown in Appendix B.

Estimate Pressure Loss through the Filter Station. One key consideration for this design is
the effect of the filtration system. Especially with pressure compensating emitters, clean
water is extremely important. If water is dirty, the emitters could become plugged easily
since they use small orifices. Therefore, filtration is a definite requirement for this system.
Filter capacity is extremely important, especially for backflow situations. When the pressure
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difference between the upstream and downstream points of the filters exceed a set limit, the
filters will undergo a back flush cycle. During this cycle, one filter must provide the flow for
the entire system along with the back flush flow. If the filters are too small, during this cycle
the flow and pressure will drop for the whole system.

Because the water feeding this system could be either from a well or from surface water, the
filtration system must be able to clean the dirtier surface water. Generally for a micro
sprinkler system, the water must be filtered to allow particles no bigger than 1/7" the orifice
size (Burt, 2013). Since the orifice diameter is about 0.05 inches, this means that particles
bigger than 0.007 inches must be removed. Therefore, the 80 mesh filtration offered by #8
Crushed Granite is adequate. Next the media tanks were sized for flow rate. The maximum
flow rate through the tanks would be about 190 GPM if the entire grove were operated at
once. According to the Drip and Micro Irrigation Design and Management book by Burt and
Styles, at least three 30 inch tanks should be used to supply that flow rate. Therefore, the
current tanks ought to be replaced.

Air Vent Placement. The sizing and placement of air valves is a very important aspect of
designing an irrigation system. Air vents are used to let air escape out of the pipes when the
system is started, and to allow air back into the system when it is shut off. Air vents should
be installed at the ends of all the main and manifold lines to release air pushed to the end of
the pipe when the water is turned on. They should also be at every high point in the system,
because air will naturally tend to rise to the local high spot. If the air is not allowed to escape
from the pipeline, then it will remain in the high spot and effectively reduce the cross
sectional area of the pipe at that point. Finally, air vents should be located before and after
every irrigation valve. The vent before the valve will release air pushed against the valve
when it is closed but the rest of the system is running. The vent after the valve will reduce
the effects of water hammer on the system if the valve is closed too quickly. Water hammer
occurs when a valve is quickly closed and the water in the pipeline is at a relatively fast
velocity. The velocity head of the water will continue to carry it down the pipe, thus creating
a vacuum behind it. Once the velocity head dissipates, the water rushes back to fill the
vacuum it left and will slam into the valve. This can send pressure waves through the whole
system which have the potential to severely damage the pipes. However, if an air vent is
located directly after the valve, it will allow air to fill the vacuum left by the water,
minimizing the effects of water hammer.

Parts List & Cost Analysis

Once the entire system was designed, a detailed parts list was created. The list is divided into
sections for the main line and each block. Then the lists were combined into a single
comprehensive list of all the parts and equipment that would be required to install the new
design. Each item from the parts list was then priced out so that the capital cost for the
system could be determined. Finally the estimated labor and equipment costs for installing
the system were estimated. This was added to the system capital cost to represent the
estimated total cost for the new system design.
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RESULTS

Final System Design

The tinal system design is shown in Figure 7. For points in the system that require special
installation, SolidWorks drawings are provided to aid with installation. These along with a
more detailed design map are shown in Appendix C. The red line shows the mainline for the
system. The blue line represents the manifold piping and the green lines stand for the
individual %” polyethylene hose on which the micro sprinklers are attached.

rigure /. wesign Drawing tor the New System.

Along with the AutoC AD drawings of the field design, detail drawings were created using
SolidWorks to better demonstrate how the system would be built. Figure 8 on the next page
shows an example of such a detail drawing.



19

Figure 8. Design detail for the main valves for Blocks 1 & 2.

Final Distribution Uniformity

The final design’s distribution uniformity was about 0.97. This was determined by
examining the various pressures at the hose heads and linearly interpolating to determine the
flow rate that the emitters would offer at that pressure. Because pressure compensating
emitters were used, the pressure did not drastically change the emitter flow. The overall
average emitter flow rate was then compared with the low quarter average, yielding a DU of
about 0.99 between the hoses. The DU was then adjusted by the DU between emitters along
the same hose, which was estimated at 0.97. This was determined by evaluating pressure
differences along the hose, and accounting for manufacturer variability among emitters.
Multiplying the hose DU 0f0.99 by the emitter DU of 0.97, a final DU of 0.96 can be
determined. This exceeded the design parameter of a DU no less than 0.95. The calculation
spread sheets for this analysis are in Appendix B.

Parts List & Cost

Table 3 on the following page shows a list of all the different parts that would be required for
installing this design. It also lists the prices for the different parts. These prices were added
together to show the total estimated material cost. The list is ordered according to pipe and
fitting sizes. The new sand media tank station should cost about $3,000.

The total trenching required was also determined and priced out. It was estimated that about
2.500 feet of trenching must be done in order to install all of the buried pipe necessary for the
new system. The Mainline pipe and the Manifold 2 pipe would both be 1aid in the same
trench in order to minimize the trenching required. If allowed to use a trencher from Cal
Poly’s Farm Shop, and assuming a trencher speed of about 200 feet per hour, the total
trenching would take about 12.5 hours. If it costs about $25 per hour in labor and fuel, total
trenching would be about $300. Assume burying the pipe will be about $300 as well.
Installation labor could be $1,000.

Therefore, the total cost for installing the system is about $12,000.
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DISCUSSION

This design was based off the assumption that there is consistently at least 80 psi pressure at
the filter station from the Cal Poly Irrigation Line connection. It also assumes that sufficient
flow can always be provided from this source to run the entire grove at once. These
assumptions are based on the fact that the filters are fed by a four inch line from the Cal Poly
irrigation system. Since a four inch pipe can easily deliver far more than this grove should
require, this is a reasonable assumption. Additionally, the well pump controlled by a
pressure transducer should always ensure that a pressure of at least 80 psi is maintained.

Pressure compensating emitters were definitely required for the trees in Block 2 since there is
significant elevation change along the tree rows. However, most of the other blocks had the
trees planted along the contour of the hill. Therefore, it may have been possible to use non-
pressure compensating emitters for these. Instead pressure regulators could have been used
at the head of each hose. Yet, since the hoses and emitters could be recycled from the
existing system, there is no advantage in buying new non-pressure compensating emitters.
Thus, the entire system was designed for pressure compensating emitters.
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RECOMMENDATIONS

Implementation

If this system is to be installed, it is recommended that the installation take place during the
winter season. During the winter, the ET for avocados drops significantly and precipitation
provides extra water for them. Ideally, there would be no irrigation requirements from the
grove during the entire installation process since the system would have to be off-line.
Installation should not take more than a few weeks, so if done after a rain event, there should
be no need for irrigation over that time. When installing the system, workers should begin at
the bottom of the field with the main line and work their way up. The main line and the
manifold line for Block 2 could be placed in the same ditch up the field to save on trenching
cost. Diagrams of the system and drawings of the more complex parts of the system are
found in Appendix C.

Maintenance

Once the system is installed, very little maintenance should be required for the buried
pipelines. The PVC will not corrode nor will it become brittle if it is buried. It is
recommended that markers or flags be posted next to the various block valves to prevent
people from hitting or tripping over them. Additionally, basic PVC fittings should be stored
in case something breaks.

The flush outs at the ends of the main line and each manifold should be opened regularly to
clear any debris or silt that may have settled out in the pipe. Additionally, each hose end
should also regularly be opened to flush out anything from the hoses.

In order to maintain the high distribution uniformity that the system was designed for, the
sprinklers should be checked for plugging at the beginning of each run. This may take more
time but will ensure that each tree always receives the water it requires. Additionally, micro
sprinklers should be tested at random to ensure that they are emitting 9 gph. This can be done
with a simple stop watch and bucket. If the sprinkler is not performing properly, it should be
replaced and discarded. It is recommended that several new micro sprinklers are kept on
hand as replacements. This will ensure that the proper micro sprinklers are used to replace
broken ones.
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HOW PROJECT MEETS REQUIREMENTS FOR BRAE MAJOR

Major Design Experience

The BRAE senior project must incorporate a major design experience. Design is the process
of devising a system, component, or process to meet specific needs. The design process
typically includes fundamental elements listed. Below, it is explained how this project
addresses each of these design elements.

Establishment of Objectives and Criteria. The project objectives and criteria are established
in order to meet the irrigation needs of a specific grove of avocado trees on the Cal Poly
Campus. This requires special consideration as the grove is on a relatively steep hillside.

Synthesis and Analysis. This project incorporates fluid hydraulics calculations, energy
conversions, and economic analysis for the system.

Construction, Testing, and Evaluation. This project is strictly a design project with no
construction or testing aspects.

Incorporation of Applicable Engineering Standards. The project adhered to various ASABE
design standards for a micro sprinkler system, along with standard pipe sizing and air vent
placement procedures.

Capstone Design Experience

This project utilized different skills and lessons from the following courses:
BRAE 151  AutoCAD

BRAE 152  SolidWorks

BRAE 236  Introduction to Irrigation

BRAE 312 Water Hydraulics

BRAE 331  Irrigation Theory

BRAE 414  Irrigation Design

SS 121 Introduction to Soils

ENGL 149  Technical Writing

Design Parameters and Constraints

Physical. The size of the field (about 10 acres), along with the location of drive roads and the
arrangement of the trees was one major limitation on the design. Additionally, the pressure
at the filter station is a constraint since that is dependent upon the Cal Poly system, rather
than the Radio Hill irrigation system. The sprinklers and the hoses were also pre-determined
since they would be reused from the current system. Hillside slopes and topography were
also strict parameters.
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Economic. There were no strict economic constraints for this project. However, the pipes
were sized to be the smallest possible while maintaining the required minimum pressure loss
for distribution uniformity, since smaller pipes are cheaper.

Environmental. By improving the distribution uniformity, the irrigation efficiency can be
made higher. This will save more water and could reduce groundwater pumping. This
would help to maintain the groundwater aquifer which would have environmental benefits.

Sustainability. This irrigation system is designed to operate for a long life with minimum
wear. Sprinklers and hoses will need to be replaced periodically but the buried PVC will not

corrode or wear.

Manufacturability. This does not apply it is a specific situation and required a special design.

Health and Safety. At the flush out locations, signs should be posted indicating that the water
should not be used to drink.

Ethical. There were no ethical concerns for this project.
Social. There were no social 1ssues related to this project.

Political. This project has the potential to conserve water. Water conservation is often a
major political concern in California, especially during drought years.

Aesthetic. All the pipes will be buried except for the manifold valves and the hose headings.
This will create a uniform and organized look to the grove.

Distribution Uniformity. The distribution uniformity should be at least 0.95.
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DESIGN CALCULATIONS
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Field and System Design Maps
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Block 1&2 Diagram

Triple Elbow Bend

Block 3 Valve Diagram
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