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Executive Summary
The objective of this project was to design an irrigation system with the capacity to
sufficiently serve the Collier Greenhouse and Garden Center in Jackson, Georgia. The
greenhouse was designed using three different Hunter sprinkler heads and one Rainbird head.
The system, overall, is comprised of various Schedule 80 pipes, many 1-inch PVC Globe Control
Valves, a 2-inch 200B Threaded Brass Electric Globe, an irrigation controller, a backflow
preventer, and a pump. This allows the entire system to irrigate to meet the water requirements of
each of the plant types in each zone. All the piping materials selected in the retrofitted design of
the greenhouse are made of Polymerized Vinyl Chloride (PVC) plastic.
The cost analysis and estimate for the greenhouse is based on the price for individual
components of the greenhouse, but also for cost of operating the irrigation system. The total
estimated cost of materials for this design is about $8,733.87. This figure includes each of the
components necessary to retrofit the design system to the greenhouse. Overall, it was estimated
that the greenhouse needs about 2,995.362 gallons of water per day to sufficiently water each
zone. Reasonably, the irrigation system would be running about 242 days out of the entire
calendar year. This equates to a total run time of 3.42 hours per day, and an overall water use of
724,877.604 gallons per year. In order to meet this need, a 5HP motor should be purchased, and
this is priced at approximately $750. The Collier Greenhouse does not have a point of connection
in order to transport municipal water into the system for irrigation. Pumping water from the
privately-owned body of water located to the east of the greenhouse is projected to save
$4,831.80 per year on water costs. This greenhouse pumping system could be run on either diesel
or electric power. A traditional diesel pump operation at the design specifications of this plan
would cost approximately $3.478 per day. An electric pump fitted to the same design
specifications would cost $2.175 per day to operate. Installing an electric system over a
traditional diesel system would save upwards of 37% of irrigation costs. A detailed analysis of
the cost of the retrofit design can be found in the Capital and Operating Costs.
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Introduction
The objective of the final design project is to retrofit a new greenhouse irrigation system
to Collier’s Greenhouse. Located in Jackson, Georgia (Butts County), this ornamental
greenhouse serves as a retailer for vegetable plants, annuals, perennials, and herbs.
There are six different zones that are to be irrigated within the Collier Greenhouse.
Within each zone, there is one type of plant. This ensures that all the plants within a certain zone
meet the same water requirements in order for each plant to be properly irrigated. Table 1 below
illustrates the zones, area of the zones, the types of plants housed within that zone, and their
water requirements. Items found within the greenhouse would not only include the potted plants,
but the tables upon which the plants are being irrigated.
The greenhouse is irrigated using water sourced from a pond located to the east of the
greenhouse. Because of the pond being on private property, the ownership of the water source
would belong to the Collier Greenhouse. There is no point of connection to facilitate the
transportation of city water to the greenhouse; meaning there is no backup water source.
The Collier Greenhouse is made up of 30,726.84 ft2 within the six zones. This equates to
roughly 0.705 acres of utilized space within the greenhouse. The various types of plant material
present in the Collier Greenhouse are separated by how much water each plant type requires
during irrigation. In Zones 1 and 2, the plant material is comprised of assorted shrubs. In Zone 3,
geraniums make up the plant material in that portion of the greenhouse. Zones 4 and 5 are
comprised of trays of flats and plugs, while Zone 6 has azaleas. This information is demonstrated
in Table 1.
When designing a greenhouse, controlling the climatic conditions within is one of the
most important design decisions to make. The climate of any greenhouse should be one that
combats limitations of weather conditions in that region. If regional temperatures are freezing, a
greenhouse within that area should be designed to ensure that the plants do not freeze and die in
artic temperatures. If weather patterns in any particular region are hot enough to kill plants, the
greenhouse should be designed to bring moisture and coolness to the plants that need it. The
ability for the plant life within the greenhouse to be able to overcome factors that would limit
them in outside, harsh climates is what determines the climate of any particular greenhouse.
The soil textural classes that were irrigated are dependent on the plant material being
planted in the different pots and irrigation zones. Some variables that effect the soil textural class
that was irrigated include: necessary pH requirements of some of the plants, temperature
requirements, irrigation requirements, and nutrient requirements that the plants would require
from the potted soils.
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Below is map of the location of the Collier Greenhouse. To the left is the greenhouse
itself. To the east of the greenhouse is the body of water that the water for irrigation within the
greenhouse is sourced from.

Figure 1: Aerial View of the Collier Greenhouse & Private Water Source from Google Earth
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Design Recommendation
To begin the design process, an area of irrigation is determined by using the area of the
six zones provided in AutoCAD Civil 3D. This was done by creating tables and arrays of plants
within each zone, which is illustrated in Appendix C on Map 1. Table 1 provides the number of
plants in each zone, along with the assumptions made for each plant type. For Zone 1 and Zone
2, the assumption of a five-foot canopy is made to ensure that the larger of the assorted shrubs
will obtain the sufficient water requirement that is needed. Canopies that are smaller than five
feet will be provided enough water, because the runtime will be based on the water requirement
for the larger shrubs. For Zone 3, the assumption of a 0.5-ft diameter for a one-gallon pot is
made to allow for a large quantity of plants located within this zone. Zones 4 and 5 consist of
trays, and tables were drawn in these zones to fill as much of the area as possible while
maintaining adequate walkways. 2-ft by 1-ft trays are drawn to fit within each of these 6-footwide tables, providing relatively large quantities of plants. Lastly, there is an assumption made
for Zone 6, entailing a canopy of 3 feet for each plant, allowing for 8 plants to fit on a 6-ft by 12ft table.
Table 1: The number of plants in each zone, and the assumptions made about these plants or their containers.

Zone
1
2
3
4
5
6

Type of Plant
Assorted Shrubs
Assorted Shrubs
1 gallon Geraniums
Flats/Plugs (Trays)
Flats/Plugs (Trays)
1 gallon Azaleas

Number of Plants
108
90
14586
1296
1485
560

Assumptions
5 ft canopy
5 ft canopy
0.5 ft diameter pots
2ft x 1ft trays
2ft x 1ft trays
3ft canopy

Sprinkler coverage arcs are then drawn to ensure that there was head to head coverage for
all the plants in each zone. This is demonstrated on Map 2 in Appendix C. Because the area of
each zone varies, the radius of the sprinkler coverage differs based on the number of plants,
number of tables, and the layout of the plants within the zone. The area of irrigation may include
the entire zone, which contains the walls and walkways. Irrigating the walkways and the hitting
the walls decrease the efficiency, however not irrigating the walkways and walls would increase
the number of sprinklers necessary to properly irrigate all of the plants. For example, in Zone 6,
if each table had head-to-head coverage with multiple 6-ft radius sprinklers, then there would be
approximately 420 sprinklers in one zone. 420 sprinklers for about 7,308 square feet is
excessive. This is why the walkways and most of the zones’ walls are included in the area of
irrigation. Next, sprinkler heads are placed on the CAD map to describe where a quarter, half,
and full sprinklers are located.
Once the area of irrigation is determined based on where the sprinklers and arcs are
placed, the runtimes are calculated. In order to calculate runtime, the plant water requirement
(PWR) is required for each plant type, and can be found in Table 2.
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Table 2: The plant water requirement (PWR) for each type of plant in each zone.

Zone
1
2
4
5
6

Type of Plant
Assorted Shrubs
Assorted Shrubs
Flats/Plugs (Trays)
Flats/Plugs (Trays)
1-gallon Azaleas

Plant Water Requirement
1.4 Gal/day
1.4 Gal/day
0.15 in/day
0.15 in/day
0.35 Gal/day

After plant water requirement is determined, the gross water requirement (GWR) for each
plant type can be calculated. The gross water requirement is defined as the plant water
requirement divided by the application efficiency. GWR should also have the units of inches per
day, and when the PWR is given in gallons per day, conversions are necessary to yield an
accurate result. In addition to the GWR, precipitation rate (PR) is needed to calculate runtimes.
Precipitation rate can be determined using Equation 1 and is given in inches/hour. For this
design project, the application efficiency is estimated at 75%.

𝑃𝑃𝑃𝑃 =

96.3 ×𝑄𝑄 (𝑠𝑠𝑠𝑠)

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑡𝑡𝑖𝑖𝑖𝑖𝑖𝑖 (𝑠𝑠𝑠𝑠)

=

𝑖𝑖𝑖𝑖𝑖𝑖ℎ𝑒𝑒𝑒𝑒
ℎ𝑜𝑜𝑜𝑜𝑜𝑜

(Eq. 1)

The runtime for each zone is the gross water requirement for a specific type of plant,
divided by the precipitation rate for that plant. This results in an irrigation runtime in hours per
day or minutes per day. Table 3 displays the runtime for each zone, which specifies the amount
of time that the irrigation system is operated per day. The calculations for the runtimes for each
zone can be found in Appendix A (Zone 1, Zone 2, Zone 3, Zone 4, Zone 5, Zone 6). The total
runtime for all zones for one day is 205.2 minutes, or approximately 3.5 hours. Annually, the
design would have a water year of 242 days, from February to October, and the total runtime for
the year would be 827.64 hours.
Table 3: Irrigation Schedule, the number of hours operated per day, the Runtimes.

Zone

Area of Irrigation (sf)

1
2
3
4
5
6

3587.88
3615.85
5957.712
4782.5
5474.899
7308

Plant Gross
Water
Requirement
(in/day)
0.153
0.153
0.15
0.2
0.2
0.106

Precipitation
Rate (in/hr.)

Runtime
(min/day)

0.382
0.427
0.97
0.395
0.405
0.69

24
22
90
30
30
9.2
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In addition to requiring irrigation runtimes for each zone, the model, type, and quantity of
sprinklers are needed to design a functioning, retrofitted irrigation system for the greenhouse.
Each type of sprinkler-the quarters, halves, and the fulls-have different flows depending on the
pressure and radius for each model. Each sprinkler is mapped in the rendering of the Collier
Greenhouse, and is illustrated on Map 2 in Appendix C. Table 4 summarizes the models of
sprinkler in each zone, including the radii and pressures for the specific models, and the
necessary quantities of each sprinkler model.
In Zone 1, the sprinkler coverage arcs have a radius of 10 feet, making the Hunter MP
Rotator MP800SR the optimal choice for that zone. According to the specifications provided the
Hunter MP Rotator MP800SR requires 40psi of pressure. The specifications for the MP800SR
model used are located Appendix B. In Zone 2, the sprinkler coverage arc radius is 30 feet,
requiring the Hunter MP Rotator MP3000, which needs a pressure of 50 psi to operate. The
specifications used for the MP3000 can also be found in Appendix B. Zone 3, does not require
sprinklers because that zone is hand-watered. Zone 3 is designed to have four spigots, and is
illustrated in Appendix C on Map 2. Zone 4 and Zone 5 both have sprinkler coverage arcs with
radiuses of 20 feet, and require the Hunter MP Rotator model, MP2000. The MP2000 requires a
pressure of 45 psi to operate properly, and the specifications can be found on the rotary
specifications chart in Appendix B. Zone 6 contains sprinkler coverage arcs with a radius of 22.5
feet, but because this is not a standard radius, an adjustable rotary nozzle is necessary. The model
used in Zone 6 is the Rainbird R-Van24-17-24ft. The pressure required for the R-Van24 nozzle,
with a radius of 22.5 feet, is 43psi.The specifications for this model include the radii of 22-ft and
23-ft, therefore, interpolation is used to find the pressure for a mean radius of 22.5ft. The
specifications used for the Rainbird nozzle can be found in Appendix B.
Table 4: The different models of sprinklers used, including the radius, pressure, and how many are needed for each type.

Zone

Model of
Sprinkler

Radius
(ft)

Pressure
(psi)

1

Hunter MP
Rotator
MP800SR
Hunter
MP Rotator
MP3000
Spigots
Hunter MP
Rotator
MP2000
Hunter MP
Rotator
MP2000
Rainbird RVan24-17-24ft
Adj. Rotary
Nozzles

10

2
3
4
5
6

Number of
180˚Sprinklers

40

Number of
90˚
Sprinklers
-

6

Number of
360˚
Sprinklers
15

30

50

4

4

1

20

45

4

10

6

20

45

4

14

6

22.5

43

4

12

9
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Each model and sprinkler type has a different flow rate which is used to calculate the
overall flow rate for each zone. Table 5 summarizes the flow rates for each type of sprinkler and
sprinkler model. The full sprinklers have a larger flow rate than the quarter sprinklers. Because
the full sprinklers have more area to cover, more water is required to irrigate the larger area.
Table 5: Flow Rate, Q, for each model and type of sprinkler.

Type of
Sprinkler

Radius (ft)

Pressure
(psi)
40

Q for 90˚
Sprinklers
(gpm)
-

Q for 180˚
Sprinklers
(gpm)
0.42

Q for 360˚
Sprinklers
(gpm)
0.78

Hunter MP
Rotator
MP800SR
Hunter
MP Rotator
MP3000
Hunter MP
Rotator
MP2000
Rainbird RVan24-1724ft Adj.
Rotary
Nozzles

10
30

50

0.95

2.04

4.07

20

45

0.43

0.85

1.57

22.5

43

0.805

1.61

3.305

The total flow rate for each zone is determined by the total flow rate of each type of
sprinkler located in each zone. Table 6 provides the total flow rates for each zone in the
greenhouse. It is important to note that only one zone will be irrigated at a time. Therefore, the
largest flowrate at any given time will be 52.285 gpm. This flow rate, the largest flow rate for
any of the zones, will determine the pipe size of the mainline.
Table 6: The total flow rate for each zone.

Zone
1
2
3
4
5
6

Total Flow Rate
14.22 gpm
16.03 gpm
6 gpm
19.64 gpm
23.04 gpm
52.285 gpm

The layout of the sprinklers within each zone determines the manner that the pipe will be
laid. Each zone consists of submain pipes and lateral pipes all connected to the mainline. The six
tables below (Table 7, Table 8, Table 9, Table 10, Table 11, and Table 12) summarize the main,
submain, and lateral pipe size specifications for each zone, as illustrated in Appendix C on Map
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3. These specifications include the pipe size, the flow rate for each pipe, the length of the pipe,
and how many sprinklers are attached to each pipe. However, when sizing these pipes for each
zone, knowing the flow of each pipeline is crucial.
Table 7: Zone 1 pipe design specifications

Type of Pipe

Flow Rate (gpm)

Pipe Size (inch)

Length (feet)

Submain
Lateral (x3)

14.22
4.74

1.5
0.75

46
63

Number of
Sprinklers
7

Table 8: Zone 2 pipe design specifications

Type of Pipe
Submain
Lateral 1
Lateral 2 (x2)
Lateral 3

Flow Rate
(gpm)
16.03
16.03
3.94
8.15

Pipe Size (inches)

Length (feet)

1.5
1.5
0.75
1

6
60
62
62

Number of
Sprinklers
3
3
3

Table 9: Zone 3 pipe design specifications

Type of Pipe

Flow Rate (gpm)

Submain
Lateral (x2)

6
6

Pipe Size
(inches)
0.75
0.75

Length (feet)
47
57

Number of
Spigots
2

Table 10: Zone 4 pipe design specifications

Type of Pipe

Flow Rate (gpm)

Submain
Submain 2 (x2)
Lateral 1
Lateral A (x4)
Lateral B (x4)

19.64
7.4
4.84
1.28
2.42

Pipe Size
(inches)
1.5
1
0.75
0.5
0.5

Length (feet)
63
60
60
20
20

Number of
Sprinklers
4
2
2

Table 11: Zone 5 pipe design specifications

Type of Pipe

Flow Rate (gpm)

Submain
Submain 2 (x2)

23.04
4.98

Pipe Size
(inches)
1.5
0.75

Length (feet)
122
39

Number of
Sprinklers
-

P a g e | 11
Submain 3 (x2)
Lateral A (x4)
Lateral B (x4)
Lateral C (x2)
Lateral D (x2)

6.54
1.28
2.42
3.14
1.7

1
0.5
0.5
0.75
0.5

39
20
20
20
20

2
2
2
2

Table 12: Zone 6 pipe design specifications

Type of Pipe

Flow Rate (gpm)

Submain
Lateral 1 (x2)
Lateral 2
Lateral A (x2)
Lateral B (x3)

52.285
6.44
39.405
4.83
9.915

Pipe Size
(inches)
2.5
1
2
0.75
1

Length (feet)
138
92
92
43
43

Number of
Sprinklers
5
5
2
2

For this design, all pipe used is schedule 80 PVC. To size the pipes, the Hayward Table
(Flow of Water Through Schedule 80 Plastic Pipe) was used. The velocity of water flowing
through the pipe at any given time should be less than 5-ft per second. All the laterals in each of
the zones contain sprinklers, while the submain pipes connecting to lateral pipes to provide water
to the sprinklers in order for irrigation to occur. The mainline will be the largest pipe size due to
its capacity to handle the largest flow rate. The submain pipe for Zone 6 will be the largest due to
the zone having the largest flow rate. Because the irrigation system will only operate one zone at
a time, the mainline and submain for Zone 6 will be based off the entire flow for the zone due to
its magnitude. The mainline pipe must hold a flow of 52.285 gpm. This is the system’s design
capacity, so the mainline requires a 2.5-inch pipe size. The size of laterals will vary based on the
number of sprinklers attached to each lateral.
Valves are components that have the ability to turn on and off the irrigation system for an
entire area. Each zone requires a valve on the submain line leading into each of the zones. Zones
1 through 5 all contain a 1-inch valve on their submain pipes. The entire system needs a master
valve as well, which is located on the mainline. Because the mainline is based on the zone with
the largest flow, which is in Zone 6, the master valve requires the flowrate in Zone 6 for sizing.
However, the pressure for the mainline is 60 psi, which is a higher specification than the zone’s
pipelines. This means that the valves for Zone 6 and the master valve are sized to handle the
largest flow, and in this situation a 2-inch valve will suffice. Ten percent of the zonal pressure
must be known in order to properly size valves. The ten percent of the known pressure is
compared to a standard pressure loss value based on flows in each zone. Each of the zones are
sized using the Pressure Loss through Typical Electric Globe Valves Table located in Appendix
B. An irrigation meter is also required, which will measure the amount of water used for
irrigation. For this design, a 2-inch irrigation meter is needed. The meter is also sized based on
the pressure loss and the flow rate of the entire system. The Water Meter Pressure Loss Chart
was used in order to size the meter. In addition to the master valve and the meter, a 2-inch

P a g e | 12
backflow preventer was included. This apparatus ensures that contamination or pollution does
not occur do to backflow back into the active irrigation system. To choose a size for a backflow
preventer, a chart of the Typical Pressure Loss in Backflow Preventer Devices was used,
specifically the double-check assembly. A drawing of the valve, meter, and backflow preventer
sizes can be found on page 27 in Appendix A.
Results of System Friction Analysis
The system design and the pump selection are dependent on the friction loss in the pipes
that lead to the worst-case sprinkler in the worst-case zone. A total dynamic head calculation is
done to determine the fiction head losses, the elevation head losses, and the operating head losses
in the system design. Using the Hazen-Williams Equation, the frictional loss calculations can be
found in Appendix A (page 26, page 27, page 28), expressed in feet. Table 13 provides the
velocities in the pipe segments leading to the worse case sprinkler, which are needed to calculate
the friction head. For the operating head, it was assumed that, in each zone, the over-head
sprinklers were situated 8-ft above the plants. Additionally, the operating head is determined by
converting the operating pressure at 60psi into feet. With the overall friction head calculated at
13.1087 feet, the elevation head is 8 feet, and the operating head is 138.6 feet. To conclude the
system friction analysis, the total dynamic head is 52.285 gpm at 160 feet. When searching for a
pump using Berkley, the pump size provided is B1-1/2TRLS. The pump specs and pump curve
charts can be found on page 36 in Appendix B.
Table 13: The length and velocities of the pipes leading to the worst-case sprinkler.
Section
Supply line
Mainline
Submain 1
Submain 2
Lateral

Length (ft)
585
228.0116
50.9390
44.8304
91.8077

Flow (gpm)
52.285
52.285
52.285
17.428
6.44

Size (in)
4
2.5
2.5
2.5
1

Velocity (ft/s)
1.495
4.021
4.02
1.34
2.99
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Capital & Operating Costs
Estimations operating costs were calculated using the summation of the total water
requirements for Zones 1 through Zone 6 in gallons per day. Because the retrofitted design was
rendered for a greenhouse the irrigation period was assumed to be 242 days per year between
February 1st and October 1st. By multiplying he irrigation period and the water requirement
(calculated by the amount of water required per day), the yearly water requirement was
calculated at 724,877.604 gallons per year. The operating cost calculations performed to find this
figure, including individual water requirements for Zones 1 through 6, can be found in Appendix
A.
After determining the quantity of sprinklers, valves, pumps, and controllers were
necessary for the retrofit design, the price of the individual parts were considered to find the
gross capital cost required for the irrigation system. Table 14 below demonstrates the individual
costs for the parts necessary for the rendered greenhouse irrigation design.
$181

The cost for using resources from the local municipal water supply was valued at 𝑎𝑎𝑎𝑎−𝑖𝑖𝑖𝑖.
This value was used to determine the total cost of solely using a municipal water supply for
irrigation needs. Using the local water supply on site, to the east of the Collier Greenhouse
facility, would save upwards of $4,832 each year in irrigation costs. These values were found via
the yearly savings calculations found in Appendix A.
It was determined that a $750 motor with a rated capacity of 5-HP is required due to a
calculated braking horse power of 4.07 HP. Using a 5-HP rating, diesel and electric pumping
cost per day were determined to be $3.478 and $2.174, respectively. Therefore, using
comparative calculations located found in Appendix A, it was concluded that using an electric
pump rather than a diesel pump would save approximately 37% of operating costs.
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Table 14: Capital Costs of Greenhouse Supplies

Item
PGV 1-inch Globe Flow Control Valve
200B 2-inch Threaded Brass Electric Globe
Hunter MP800SR (180 deg.)
Hunter MP800SR (360 deg.)
Hunter MP3000 (90 deg.)
Hunter MP3000 (180 deg.)
Hunter MP3000 (360 deg.)
Hunter MP2000 (90 deg.)
Hunter MP2000 (180 deg.)
Hunter MP2000 (360 deg.)
Rainbird R-Van24-17-24ft (90 deg.)
Rainbird R-Van24-17-24ft (180 deg.)
Rainbird R-Van24-17-24ft (360 deg.)
0.5'' pipe
0.75'' pipe
1'' pipe
1.5'' pipe
2'' pipe
2.5'' pipe
4'' pipe
Irrigation Controller
Pump

Quantity
5
2
6
15
4
4
1
8
24
12
4
12
8
360
740
580
300
100
380
600
1
1

Price ($)
33.5
148
5.59
5.59
5.59
5.59
5.59
5.59
5.59
5.59
4.93
4.93
4.93
0.379
0.4479
0.6425
1.199
1.5064
2.699
3.5985
87.79
3115

Total Price ($)
167.5
296
33.54
83.85
22.36
22.36
5.59
44.72
134.16
67.08
19.72
59.16
39.44
136.44
331.45
372.65
359.7
150.64
1025.62
2159.1
87.79
3115

Total

$8,733.87
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Appendix A: Calculations

Zone 1 runtime calculations
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Zone 2 runtime calculations
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Zone 3 runtime calculations
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Zone 4 runtime calculations
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Zone 5 runtime calculations
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Zone 6 runtime calculations
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Pipe sizing for Zone 1 & Zone 2
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Pipe sizing in Zone 3
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Zone 4 pipe sizing

P a g e | 24

Zone 5 pipe sizing
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Zone 6 pipe sizing
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Total Dynamic Head Calculations Page 1
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Total Dynamic Head Page 2
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Total Dynamic Head Page 3
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Sizing for Valve & Meter
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Water Use Cost Estimates (Zones 1 – 6)
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Irrigation Cost Estimate Comparisons
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Cost Per Year (Cost Estimate)
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Appendix B: Tables, Maps & Figures

Pressure Loss Through Typical Electric Globe Valves Table
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Drip Irrigation Design Data Table
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Table of Average Daily Water Need of Standard Grass (Irrigation Season)
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Water Meter Pressure Loss Chart
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Typical Pressure Loss In Backflow Prevention Devices Chart
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Rendering of Collier Greenhouse (By Zone)
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B1-1/2TRLS Berkeley Pump Curve
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B1-1/2TRLS Berkeley Pump Specifications

P a g e | 41

Flow of Water Through Schedule 80 Plastic Pipe Table
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MP800 Rotator Design Guide Chart
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Rotator Design Guide Chart (MP1000, MP2000, MP3000, MP3500)

MP
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Specifications for R-Van Adjustable Rotary Nozzles

Appendix C: Maps
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Map 1: Tables and Arrays of Plants in Each Zone
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Map 2: Sprinkler Types & Locations
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Map 3: Main, Submain, and Lateral pipe size specifications for each zone
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Map 4: Final Collier Greenhouse Retrofit Design
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Original Assignment
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Extra Credit
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