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Irrigation System Protocol
 Written by G. Napolitano, M. Palmisciano and S. Lin
Edited by Endicott 9/3/2015

*Please refer to the irrigation system parts list in help identifying specific parts. 

*Sections labeled fall installation, are completed each year during the fall re-installation of shingles and irrigation parts. 
	TASK
	PERSON-HOURS/SHELTER

	Water tank setup 
	2 hours

	End drop adapter prep
	0.5 hours

	3/4in water lines
	3 hours

	1-1/2in water line
	1 hour

	Sealing end drop adapters
	0.5 hours

	Irrigation box installation
	1 hour

	Pump and hose line installation
	2 hours

	Hose protection installation
	1 hour

	Fall Installation: Electrical component installation
	2 hours

	Fall Installation: Priming and calibrating
	1 hour

	
	TOTAL = 14 hours


Step 1: Water tank setup, 2 person-hours/shelter

MATERIALS NEEDED:

· Rubbermaid structural foam water stock tank, 100gal (1)
· Oriented strand board 7/16in x 4ft x 8ft (1)
· Hex bolts 1/4in -20tpi x 1-1/2in (4)
· Hex nuts 1/4in -20tpi (4)

· Flat washers 1/4in (4)
· Insect screen 4in x 4in squares (3)

· Duct tape (<1 roll)
· Ecobond Caulk (<10.1oz)

· Killz all-purpose white primer (<1 gallon)

· Behr’s premium outdoor paint, olive (<1 gallon)
· Marker 
TOOLS NEEDED:

· Power drill (1)

· 1in hole saw (1)

· Caulking gun (1)

· Skill-saw (1)

· Saw horses (2)

· Vise clamps (2)

· Latex gloves (1 pair)

· Work gloves (1 pair)

· Safety glasses (1 pair)

OVERVIEW: A 100gal structural foam water tank with a 1-1/4in outlet will be installed as the irrigation system’s primary water reservoir. Before setting it up in the field you will need to install a debris filter on the water tank outlet, drill two overflow holes to prevent water from spilling onto the rain shelter plot in the event of a system failure, and construct a lid out of oriented strand board (OSB) that will be secured to the water tank with hex bolts. Always wear work gloves and safety glasses and use caution when operating power tools. Use latex gloves as needed for applying caulk. 
WATER TANK PREP: Please note that there are two different types of water tanks and these instructions may not apply to the tanks at CW 
Water tank outlet with debris filter
· Begin by installing a debris filter on the water tank outlet. Use the caulking gun to dispense a bead of Ecobond caulk around the edges of a 4in x 4in square of insect screen and then press this side of the screen on the inside of the water tank over the tank outlet so that it sticks in that position. 
· Once the insect screen is in position, seal around its edges with another layer of caulk. Use the caulking gun to apply a small amount of caulk to your index finger and spread the caulk around the edges of the insect screen, smoothing it out so that there are no gaps between where the edges of the screen come into contact with the water tank (wear latex gloves for this). Once the caulk cures the debris filter should be securely attached to the water tank outlet and there should be no caulk blocking the outlet itself.

Water tank overflow hole with filter

· Next, use a power drill equipped with a 1in hole saw to drill a 1in hole as high up as possible on the right-hand side of the water tank, then position a 4in x 4in square of insect screen on the outside of the water tank over this hole and secure it around the edges with duct tape. This will serve as a water overflow hole in the event of a system failure and the insect screen will help keep wildlife, insects, and other debris out of the water tank.
· Repeat this process to install a second overflow hole as high up as possible on the left-hand side of the water tank. 

Lid

· Use a marker and the measuring tape to draw a line down the middle of a 7/16in x 4ft x 8ft oriented strand board so that it is divided into two equal 4ft x 4ft squares.
· Place the board on the saw horses and secure it with the vise clamps.

· Use the skill-saw to cut along the line you have drawn dividing the OSB into two equally sized squares. Each will be used to make a lid.  

· Place an OSB square on the ground and then flip the water tank upside down on top of it, centering the tank along the diagonal of the square so that the entire tank fits onto the board with room around the edges of the board.

· Trace the outline of the water tank with the marker and then draw a larger oval around this one that is 2in from the outline of the water tank on all sides.

· Put the board back on the saw horses, secure it with the vise grips, and trim around the larger oval so that you end up with an oval lid (it doesn’t have to be a perfect oval) that hangs 2in over the edges of the water tank on all sides.

· Remove the wood from the saw horses and flip the water tank upside down again back on top of the lid directly on top of the smaller oval so that there is an equal amount of extra board around all edges of the water tank.

· Use the marker to make a dot on the underside lip of the water tank at each of its four “corners”, and then use the power drill and 1/4in drill bit to drill straight down through both the lip of the water tank and the lid beneath it while making sure that neither the water tank nor the lid move from their original position during this process. You may need two people for this process or clamps. You should now have a lid with predrilled holes that line up with those on the water tank when placed on top of it.

· Place the lid back on the saw horses and coat it on all sides, including the edges, with a liberal application of white primer.

· Allow the primer to dry and then coat it on all sides, including the edges, with a liberal application of olive paint. This thick coat of paint and primer will improve the lid’s water resistance and longevity.

· Once the lid is dry, attach it to the water tank by sliding the flat washers onto the 1/4in -20tpi x 1-1/2in hex bolts, inserting the bolts down through the lined up holes in the lid and water tank, and then fastening the bolts from the underside with the 1/4in -20tpi hex nuts. 
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WATER TANK INSTALLATION:
Installed water tank with lid  with area cleared in front for irrigation box
· Take the water tank to the rain shelter site and place it two feet from the rain shelter’s central gutter end drops so that the water tank’s outlet faces away from the shelter. 
· In the dirt, trace along the outline of the water tank with a shovel and then dig a hole 12in deep with a flat and level bottom that is the same size as the outline you have drawn, (if this location has an active animal burrow beneath it or directly in front of it, or if it interferes with a preexisting part of the study, use a different location).

· Place the water tank in the hole with the outlet facing away from the shelter, it should sit flat and level.

Step 2: End drop adapter prep, 0.5 person-hours/shelter

MATERIALS NEEDED:

· Nalgene 150mm powder funnels, 716ml, 147mm top diameter, 27mm stem diameter, (4)
· 3/4in PVC elbows (4)
· PVC primer (<8oz)

· PVC solvent cement (<8oz)
· Marker

· Small measuring tape (size?)
TOOLS NEEDED:

· Heavy-duty clippers (1)

· Latex gloves (1 pair)

· Respirator mask (1)

· Wood board (1)

OVERVIEW: The gutter end drops will be connected to the 3/4in PVC pre-tank water lines using “end drop adapters” constructed out of heavy-duty plastic funnels that plug directly into 3/4in PVC fittings using a process called “solvent welding”. Take extra care to make sure that these connections are welded together securely in order to prevent disconnects from occurring. Always wear latex gloves and a respirator mask when handling potentially harmful chemicals and use a wood board to catch any dripping chemicals when in the field to avoid damaging the ecosystem.
END DROP ADAPTER PREP:
Gutter end drop adapter

· Use the measuring tape and marker to draw a line around the circumference of one of the funnels 2in down from the top, and then use the clippers to trim off this upper portion of the funnel. The cut funnel edges may be rough, use caution when handling. Swab the outside of the tip of this funnel with PVC primer so that it coats the circumference of the tip 1in from the bottom.

· Next, swab PVC primer inside one end of a 3/4in PVC elbow, then apply the PVC solvent cement at the same location inside that end of the elbow (do not wait for the primer to dry before doing this).

· Immediately slide the tip of the funnel into the end of the elbow that has been coated with primer and glue and press it down into the elbow, holding it there for thirty seconds. 

· You should now have a trimmed funnel with a 3/4in PVC elbow securely glued at one end. 
· Repeat this process until you have made four of these funnels with attached elbows, these will serve as the gutter end drop adapters.

· Once you have made four end drop adapters paint them with the white primer, let them dry, and then paint them with the olive paint. It is not necessary to paint the inside of the funnel.

Step 3: 3/4in water lines, 3 person-hours/shelter 

*At least two people are required for this step in order to ensure proper positioning of pipes
MATERIALS NEEDED:

· Downspout adapters (4)

· 3/4in x 10ft schedule 40 PVC pipes (4)
· 3/4in PVC elbows (2)
· 3/4in PVC tees (2)
· 3/4in PVC couplings (2)

· 3/4in conduit hangers (6)

· Self-tapping screws #8 x 1/2in (6)

· PVC primer (<8oz)

· PVC solvent cement (<8oz)
· Killz all-purpose white primer (<1 gallon)
· Behr’s premium outdoor paint, olive (<1 gallon)
TOOLS NEEDED:

· Power drill (1)

· 5/32in split point or pilot point drill bit for metal (1)

· Phillips #2 driver bit (1)

· PVC cutter or hacksaw (1)

· Marker (1)

· Yard-length level (1)

· Measuring tape (1)

· Saw horses for painting (2)
· Tarp for painting (1)
· Containers filled with water for paintbrushes (2)
· Paint brushes (2)

· Work gloves (1 pair)

· Safety glasses (1 pair)

· Latex gloves (1 pair)

· Respirator mask (1)

· Wood board (1)
Overview: The 3/4in water lines are part of the pre-tank PVC system and run parallel along the low end of the shelter connecting to each of the four gutter end drop adapters and to the larger 1-1/2in water line which connects them to the water tank. They are composed of segments of 3/4in PVC pipe welded to one another with 3/4in PVC fittings, PVC primer, and PVC solvent cement. You will construct two 3/4in water lines, one on the north half of the shelter and one on the south half of the shelter, and attach them directly to the EMT shelter frame using 3/4in conduit hangers. Always wear work gloves and safety glasses and use caution when operating power tools or using a hand saw and wear latex gloves and a respirator when handling potentially harmful chemicals. When in the field avoid damaging the ecosystem by using a wood board to catch any dripping chemicals

3/4IN WATER LINES:
Pipe and fitting prep:

· Begin by painting four 3/4in x 10ft PVC pipes. Lay them out on saw horses over a tarp, coat them on all sides with white primer, allow the primer to dry, and then coat them on all sides with olive paint. While doing this, leave approximately 1in unpainted at each end to make it easier to attach fittings at these locations.

· Next lay out two 3/4in PVC elbows, two 3/4in PVC tees, two 3/4in PVC couplings, and six 3/4in conduit hangers on the tarp and paint them with the white primer and olive paint.

· Once the pipes and fittings are painted and dry, weld the two 3/4in PVC elbows each at the end of a different 3/4in 10 foot pipe using the PVC primer and PVC solvent cement. 

· Process for welding PVC fittings to PVC pipes 

· Coat the outside of the pipe at the end you will be using with PVC primer (make this coat as deep as the socket you will be using)

· Apply a full coating of both PVC primer and PVC solvent cement to the inside of the fitting at the end you plan on connecting to (do not wait for the primer to dry before applying the solvent cement)

· Quickly slide the pipe into the fitting and press the connection together firmly. Hold for 30 seconds. 

1st Half Installation:

First pipe
· Start installation at either the southernmost or northernmost gutter end drop. Hold one of the end drop adapters up against the gutter end drop so that the gutter end drop sits in the funnel and the attached elbow points directly away from the shelter. Then raise one of the 3/4in PVC pipes with an attached elbow up to this location so that this elbow points at the elbow on the end drop adapter and the PVC pipe is laying parallel with the low end of the shelter pointing towards the center of the structure. 
· Cut a length of 3/4in PVC long enough to connect these two elbows together in such a manner that the PVC pipe will stick out approximately 3/4in in front of the leg of the shelter, and then weld this segment of pipe to the open end of each elbow with the PVC primer and PVC solvent cement, thus attaching the end drop adapter to the PVC pipe.

Connecting end drop adapter to 3/4in water line

· Slide the end drop adapter back over the gutter end drop and hold it there firmly with the PVC pipe level and parallel with the frame. Use a marker to mark the height on the EMT shelter leg where the PVC pipe is positioned. This is where you will attach a 3/4in conduit hanger that will support the 3/4in pipe and hold the end drop adapter securely up against the gutter end drop. 
· Use the power drill and 5/32in drill bit to drill a hole on the front of this EMT pipe at the height you have marked.

· Next install a conduit hanger in this location by first removing the nut and bolt and prying it open, then lining up the hole in the conduit hanger with the hole you have drilled in the EMT pipe, and then attaching it at this location with the square hole facing upwards by driving in one of the self-tapping screws using the power drill and Phillips #2 driver bit. 

· Slide the funnel of the end drop adapter back over gutter end drop and place the PVC pipe into the conduit hanger you have installed, pinching the conduit hanger back to the diameter of the pipe and securing it firmly with the nut and the bolt, with the head of the bolt on top.

· The conduit hanger should be supporting the end drop adapter and holding it tightly up against the gutter end drop. If there is a gap here you have installed the conduit hanger too low on the EMT shelter leg and will have to reposition it higher by removing it from its current location and drilling a new hole higher up on the leg. 

End drop adapter secured with conduit hanger

2nd Pipe:
· Next hold the end of the pipe up so that it is level and mark the next leg over at this height (this will be a high leg). Install a second conduit hanger at this location and attach this part of the pipe to the conduit hanger using the same methods used to install the first one. 
· Weld a 3/4in PVC coupling to the open end of the first pipe and then weld a second 3/4in PVC pipe (not the one with an elbow attached) to the other end of this coupling. 
· Hold the end of the second pipe up so that it is level and mark the next leg over at this height (this will be a low leg next to a gutter end drop). Repeat the above process to install a third conduit hanger and attach the pipe at this location. 

· Hold a 3/4in PVC tee up at this end of the pipe so that the middle of the tee points directly towards the center of the next gutter end drop over and cut the pipe at the proper length so that when this tee is attached it will stay in this position. Then weld the tee to the pipe in this position. 

· Place a second end drop adapter onto the gutter end drop at this location so that its elbow points directly towards the center of the tee you have attached and measure and cut the segment of pipe needed to connect these two fittings together. Then weld this segment into the two fittings thus connecting this end of the pipe to the second end drop adapter.
Connecting central end drop adapters

3/4in water lines installed with adjustment for site topography

· Make sure that both end drop adapters are securely supported and pressed up against the gutter end drops. Again, if there is a gap here it is because you have installed the conduit hanger too low on the EMT shelter leg and will have to reposition it higher by removing it from its current location and drilling a new hole higher up on the leg.

· There should now be a 3/4in water line running along one half of the shelter that connects to the two gutter end drop adapters on this half and has an open socket of a 3/4in PVC tee at the center of the shelter. 
2Nd Half Installation: 

Repeat this process to install a second 3/4in water line on the other half of the shelter. When you have finished, the two end drop adapters at the center of the shelter should be level with one another and there should be an open space at the center of the shelter between the open tee sockets of the two 3/4in water lines. 

Step 4: 1-1/2in water line, 1 person-hour/shelter

MATERIALS NEEDED:
· 1-1/2in x 10ft schedule 40 PVC pipe (1)
· 1-1/2in PVC tee (1)

· 1-1/2in x 3/4in PVC reducer bushings (2)
· 1-1/2in PVC male adapter (1)

· 3/4in x 1ft segment schedule 40 PVC pipe (1)

· PVC primer (<8oz)

· PVC solvent cement (<8oz)
· 2in x 2in x 1-1/2in PVC reducer tee (1-2 if needed)

· 1/2in x 2ft steel rebar (1-2 if needed)

TOOLS NEEDED:
· Hacksaw (1)

· Power drill (1)

· 1-3/4in hole saw (1)

· Yard-length level (1)

· Measuring tape (1)

· Mallet (1 if needed)
· Saw horses for painting (2)
· Tarp for painting (1)
· Containers filled with water for paintbrushes (2)
· Paint brushes (2)
· Latex gloves (1 pair)

· Respirator mask (1)
· Work gloves (1 pair)

· Safety glasses (1 pair)

· Wood board (1)

OVERVIEW: The 1-1/2in water line is part of the pre-tank PVC system and is composed of 1-1/2in schedule 40 PVC and 1-1/2in PVC fittings. It connects at a tee junction with the two 3/4in water lines, running perpendicular to them and carrying the water to the water tank. PVC reducer bushings will be used to transition from the 3/4in to 1-1/2in pipe diameters and all fittings will be welded with PVC primer and PVC solvent cement. Always wear work gloves and safety glasses and use caution when operating power tools or using a hand saw and wear latex gloves and a respirator when handling potentially harmful chemicals. When in the field avoid damaging the ecosystem by using a wood board to catch any dripping chemicals.  
1-1/2IN WATER LINE:

Pipe and fitting prep:
· Begin by painting the 1-1/2in PVC pipe. Lay it between two saw horses set up over a tarp, coat it on all sides with white primer, allow the primer to dry, and then coat it on all sides with olive paint. While doing this, leave approximately 2in unpainted at each end to make it easier to attach fittings at these locations.

· Next lay out one 1-1/2in PVC tee and one 1-1/2in PVC male adapter on the tarp and paint them with the white primer and olive paint as you did with the pipe.

Installation:

· Start installation at the gap between the two 3/4in water lines that have already been installed at the shelter. Weld the two 1-1/2in x 3/4in PVC reducer bushings to the first and third sockets in the 1-1/2in PVC tee using the PVC primer and PVC solvent cement. 

· Hold the 1-1/2in PVC tee with the attached reducer bushings in the gap between the open tee sockets of the two 3/4in water lines so that its central second socket points away from the shelter and towards the water tank. Then measure and cut the segments of 3/4in PVC pipe needed to connect the first and third sockets of the 1-1/2in tee with the open sockets of the 3/4in PVC tees and weld these connections together, carefully positioning the 1-1/2in tee so that it is angled slightly downwards pointing at the top of the back of the water tank.

Positioning 1-1/2in PVC tee
Connecting 1-1/2in PVC tee to 3/4in water line

        1-1/2in tee after installation
· Next, measure and mark the length of the 1-1/2in PVC pipe that will be needed to connect the second socket of the 1-1/2in tee with the back of the water tank, then subtract approximately 1/2in from this measurement to allow for the installation of a 1-1/2in PVC male adapter, then cut the pipe to this length using the hack saw

·  Plug the segment of pipe you have cut into the 1-1/2in tee without welding this connection yet to make sure the pipe is the proper length. With the pipe plugged in to the tee, mark the spot where it makes contact with the water tank (this location should be as high as possible while still sloping slightly downwards) then remove the pipe from the tee.

· Attach the 1-3/4in hole saw to the power drill and drill a hole in the back of the water tank where you have made the mark for the pipe to plug in.

· Weld the 1-1/2in PVC male adapter to one end of the pipe using the PVC primer and PVC solvent cement and screw the pipe and adapter into the hole you have drilled in the back of the water tank. 

1-1/2in water line connected to water tank with 1-1/2in PVC male adapter

· Once the pipe has been connected to the water tank weld the other end of the pipe into the open socket of the 1-1/2in tee using the PVC primer and PVC solvent cement and press this connection together firmly. The 1-1/2in water line should now be securely connected to the 3/4in PVC lines at one end and to the water tank at the other end.

For water tanks >2 feet from the shelter:
Fully-installed 1-1/2in water line with PVC leg for support

· Note: If the water tank has been placed further than 2ft from the shelter you may want to make a PVC “leg” to support the weight of the pipe. Before solvent welding the 1-1/2in pipe to the 1-1/2in tee, slide a 2in x 2in x 1-1/2in PVC reducing tee onto the pipe and position it in the center of the segment then plug the pipe into the 1-1/2in tee still without welding this connection. Use a mallet to drive a 1/2in x 2ft length of steel rebar into the ground directly underneath the 2in x 2in x 1-1/2in PVC reducing tee so that the top of the rebar reaches just below the socket of the tee, then measure the length of 1-1/2in pipe needed to extend from the 2in x 2in x 1-1/2in PVC reducing tee to the ground. Cut a segment of 1-1/2in pipe to this length, slide it over the rebar, plug it into the open socket of the 2in x 2in x 1-1/2in reducing tee and weld the end of the 1-1/2in PVC pipe water line into the open socket of the 1-1/2in tee). The water line should be resting securely on the PVC leg you have made and gradually sloping down from the shelter to the water tank.

Step 5: Sealing end drop adapters, 0.5 person-hours/shelter

MATERIALS NEEDED:

· Ecobond caulk, (<10.1oz)
· Outdoor gap filler, (<16oz)

· Amerimax gutter strainers (4)

· Insect screen 6in x 6in squares (4)

· 8in UV protected cable ties (8)

TOOLS NEEDED:

· Caulking gun (1)

· Latex gloves (1 pair)

· Respirator mask (1)

· Wood board (1)

Overview: Once the pre-tank PVC system is all set up the end drop adapters need to be sealed to prevent them from leaking or shifting and to keep insects and debris out of the water line. This will be done through the use of caulk, gap filler, and gutter strainers wrapped in insect screen. Wear latex gloves and a respirator whenever handling potentially harmful chemicals and when in the field avoid damaging the ecosystem by using a wood board to catch any dripping chemicals. 

SEALING END DROP ADAPTERS: 
· Begin by using the caulking gun to dispense a small amount of Ecobond onto the tip of your forefinger and spread the caulk in a ring shape around the inside of the end drop adapters where the bottom of the gutter end drops come into contact with the funnels (wear latex gloves for this). Make sure to completely fill in any gaps here around the edges of the end drops.

Inside of gutter end drop adapter sealed with caulk
· Allow the caulk 45 minutes to cure, and then dispense the outdoor gap filler between the outside of the gutter end drops and the funnel. The gap filler will expand as it cures so only use it to fill 50% of the empty space. Make sure that none of the gap filler makes its way inside of the end drop adapter during this process or it will expand and block the water line.

· Next, wrap the four gutter strainers with the 6in x 6in squares of insect screen and secure the screens with two cable ties each, one wrapped around the top of each gutter strainer and one wrapped around the bottom. The insert one gutter strainer into each of the gutter end drops.
Gutter end drop fully sealed with caulk, gap filler, and gutter strainer

Step 6: Irrigation box installation, 1 person-hour/shelter
MATERIALS NEEDED:

· Dura DRY box, 12in H x 17in W x 12in L (1)
TOOLS NEEDED:

· Power drill (1)

· 1in hole saw (1)

· 7/8in hole saw (1)

· 3/4in hole saw (1)

· Measuring tape (1)

· Marker (1)
· Shovel (1)

· Hand trowel (1)

· Work gloves (1 pair)

OVERVIEW: The irrigation box houses the system’s water pump and battery and is installed underground between the water tank and the sprinkler. Before installing the box it will be predrilled with holes of specific sizes to allow for the installation of the inlet hose, outlet hose, electrical housing, and ventilation “snorkel”. Burying the box will improve insulation of the components and help deter theft. If the system is being installed in an area where freezing temperatures and theft are not a problem the irrigation box can be installed with the lid level with the surrounding soil. Listed below are instructions for installing the box with six inches of soil above it. Always wear safety glasses and work gloves and use caution when operating power tools.  

IRRIGATION BOX INSTALLATION: 

Irrigation box positioned in front of water tank

· Begin by drilling holes in the irrigation box at four specific locations. The box is shaped like a rectangle with two long walls and two short walls. Flip the box so that you are looking at one of the short walls and measure and mark a location 3in up and 3in over from the bottom left corner. Drill a hole at this location with the 7/8in hole saw. This will be the connection for the outlet hose.
· Next, measure and mark a location 4in down and 3in over from the top right corner on the same wall of the box. Drill a hole at this location with the 1in hole saw. This will be the connection for the ventilation snorkel.
Sprinkler side of irrigation box
·  Flip the box 180deg so that you are looking at the other short wall opposite of the first one. Measure and mark a location that is 4in down and 4in over from the top left corner on this wall of the box. Drill a hole at this location with the 1in hole saw. This will be the connection for the electrical housing.
· On this same wall of the box measure and mark a location that is 3in up and 3in over from the bottom right corner. Drill a hole at this location with the 3/4in hole saw. This will be the connection for the inlet hose. 

Water tank side of irrigation box
· Once the box has been predrilled it can be installed in the field. Dig a hole 18in deep with a flat and level bottom in front of the water tank’s outlet that measures 3ft long x 2ft wide, with one of the 2ft wide sides facing the tank and the hole displaced six inches to the right when viewing the tank from the front (outlet side).

·  Place the box in the hole 1ft in front of the water tank with the 3/4in hole in the box’s wall facing and centered with the water tank’s outlet. 

· Once the box is placed in this location you can begin installation of the pump and sprinkler main line.

Step 7: Pump and hose line installation, 2 person-hours/shelter 

MATERIALS NEEDED:

· North Star NSQ Series 2271T On-Demand Pump, 3/8in NPT ports, 2.2gpm, 70psi, 12V DC, 8 amps max (1)
· Foam pipe wrap insulation (36in^2)
· Duct tape (<1 roll)

· Irrigation thread seal tape (<1 roll)
· 1-1/4in MIP x 1in FPT threaded PVC reducer bushing (1)
· 1in MIP x 3/4in FPT threaded PVC reducer bushing (1)
· 1/2in ID x 3/4in MIP nylon hose barb adapter (1)
· 1/2in ID x 3/8in MIP nylon hose barb adapter (1)
· Miracle-Gro ultra-light garden hose, 1/2in ID x 4ft segment (1)
· #6 hose clamps 3/8in – 7/8in diameter (2)
· 1/2in x 2ft steel rebar (1)
· Rain Bird 25PJDAC brass impact sprinkler (1)
· 1/2in FPT x 1/2in FPT galvanized malleable iron coupling (1)
· 1/2in x 12in galvanized steel riser nipple (1)
· 1/2in FPT x 1/2in FPT galvanized malleable iron 90 degree elbow (1)
· 3/4in FGH x 1/2in MIP brass hose reducing male adapter (1)

· Rubber hose washers (1-3 if needed)

· 8in UV protected cable ties (3)
· Flexogen heavy-duty garden hose, 5/8in ID x 100ft (quantity needed depends on distance to irrigation site)

· Orbit water flow meter (1)

· 3in x 10ft HDPE pipe (1)
· 5/8in ID x 3/4in MGH brass garden hose coupling (1 if needed)
· 5/8in ID x 3/4in FGH brass garden hose coupling (1 if needed)

· 5/8in ID x 3/8 MIP brass hose barb adapter (1)

· #12 hose clamps 1/2in – 1-1/4in diameter (1-3)

· Ecobond caulk, (<10.1oz)

· Killz all-purpose white primer (<1 gallon)
· Behr’s premium outdoor paint, olive (<1 gallon)
TOOLS NEEDED:
· Adjustable crescent wrench (1)
· Vise grips (2)
· Socket wrench (1)
· 5/16in socket wrench fitting (1)
· 9/16in socket wrench fitting (1)
· Flathead screwdriver (1)
· Heavy-duty clippers (1)

· Hacksaw (1)
· Measuring tape (1)

· Marker (1)

· Mallet (1)

· Caulking gun (1)

· Tarp for painting (1)
· Containers filled with water for paintbrushes (2)
· Paint brushes (2)
· Work gloves (1 pair)

· Safety glasses (1 pair)

· Latex gloves (1 pair)
OVERVIEW: Water collected by the rain shelter will be distributed to the irrigation plot using a 2.2gpm water pump that is connected to the water tank and sprinkler with 5/8in ID and 1/2in ID garden hoses. If the system will be installed in a location where frost may be an issue wrap the pump in foam pipe wrap insulation secured with duct tape before installing it to help prevent damage incurred during a freeze. The hose connections consist of hose barb adapters secured with hose clamps and their threaded side should be wrapped with irrigation thread seal tape in a clockwise direction before installing them to help form a watertight seal. The hose running between the pump and the water tank is referred to as the “water tank line”, while the hose running between the pump and the sprinkler is referred to as the “sprinkler main line”. A water flow meter will be installed on the sprinkler main line to keep track of how much water is being distributed to the irrigation plot and an HDPE pipe housing for this flow meter will also need to be installed to protect it from the elements. It is very important to make sure that the hose connections are secure to prevent leaking and the hoses themselves should be handled with care to prevent scuffing or puncturing them. Always wear safety glasses and work gloves and use caution whenever operating a hand saw. 

WATER TANK LINE:
Pump Installation

· Begin by removing the lid of the irrigation box. Pry up the two green caps on the top of the lid using a flathead screw driver and then remove the lid bolts using the socket wrench equipped with the 9/16in socket fitting. 

· Place the pump in the irrigation box and center it in the half of the box closest to the water tank with the pump inlet lined up with the 3/4in hole and the pump outlet lined up with the 7/8 in hole (there should be an arrow on the pump indicating which side is the inlet and which side is the outlet). It is important that the pump be positioned in this one half of the box so that there will be space to house the system’s battery.
(picture of pump in box)

Water tank & pump fitting attachment
· Wrap threaded hose barb fittings in irrigation seal tape. Hold the fitting in your hand with the threads facing away from you. Wrap the irrigation thread seal tape around the threads in a counterclockwise direction. Irrigation thread seal tape must ALWAYS be wrapped in this direction (counterclockwise when the threads face away from you). Otherwise, the tape will be scraped off the threads when the fitting is screwed clockwise into a female threaded fitting. 

· Once the pump has been placed in its permanent position attach the 1/2in ID x 3/4in MIP nylon hose barb adapter to the water tank (this and all other threaded hose barb fittings should be wrapped in irrigation thread seal tape prior to installation as shown above). First screw the 1-1/4in MIP x 1in FPT threaded PVC reducer bushing into the water tank outlet, then screw the 1in MIP x 3/4in FPT threaded PVC reducer bushing into this larger bushing, and finally screw the 1/2in ID x 3/4in MIP nylon hose barb adapter into this second bushing. Use vise grips to make sure these connections are tight.

· Next, screw the 1/2in ID x 3/8in MIP nylon hose barb adapter into the pump inlet using the adjustable crescent wrench to tighten this connection as much as possible. (pic with arrows showing each connection)
Installing pump-water tank hose

· Once the hose barbs are installed and the pump has been placed back in its proper position, measure and mark the length of the 1/2in ID garden hose that will be needed to connect the hose barb adapter on the trough with the hose barb adapter on the pump and then add 6in of slack to this length. Keep in mind that the hose will need enough length to slide all the way to the base of the hose barbs and use the heavy-duty clippers to cut the segment of hose you have measured.

· Slide one of the #6 hose clamps onto the segment of hose you have cut and then slide the hose onto the hose barb attached to the water tank all the way down to its base. 

·  Position the hose clamp over the hose at the base of the water tank’s hose barb with the adjustable bolt facing upwards. Use a flathead screw driver to tighten the bolt most of the way down and then tighten it the rest of the way using the socket wrench equipped with the 5/16in socket. Always tighten the hose clamps as much as you can without damaging the hose or the clamp itself.

1/2in hose secured to water tank with hose clamp

· Next, thread the open end of the hose segment through the 3/4in hole you have drilled in the irrigation box wall and then slide another #6 hose clamp onto the hose. 

· Slide the open end of the hose segment onto the hose barb attached to the water pump all the way down to its base. Position the hose clamp over the hose at the base of the water pump’s hose barb with the adjustable bolt facing upwards and tighten the clamp as you did with the first one.

· When you are finished the 1/2 ID hose should be securely connected to the water tank at one end and the pump inlet at the other end. 

1/2in hose secured to pump with hose clamp

SPRINKLER MAIN LINE:
10 ft HDPE pipe prep:

· Before assembling the sprinkler main line, use the hacksaw to cut a 20 in segment of the 3in x 10ft HDPE pipe and paint this segment with the white primer and olive paint.

Sprinkler installation
Sprinkler assembly installed and secured to rebar
· Begin assembling the sprinkler main line by working from the sprinkler back to the irrigation box. Use the tape measure to determine the center of the irrigation plot and drive the 1/2in x 2ft steel rebar half-way into the ground at this location. This will be the location of the sprinkler and the water should fall within a 5.65m radius of this location.

· Wrap the threaded part of the sprinkler, the two threaded ends of the 1/2in x 12in galvanized steel riser nipple, and the threaded end of the 3/4in FGH x 1/2in MIP brass hose reducing male adapter with irrigation thread seal tape. The 3/4in FGH x 1/2in MIP brass hose reducing male adapter should come with a rubber hose washer in it, if it does not you will need to add one.

· Screw the sprinkler into one end of the 1/2in FPT x 1/2in FPT galvanized malleable iron coupling, screw the 1/2in x 12in galvanized steel riser nipple into the other end of this coupling, then screw the 1/2in FPT x 1/2in FPT galvanized malleable iron 90 degree elbow onto the other end of this nipple, and then screw the 3/4in FGH x 1/2in MIP brass hose reducing male adapter into the other end of this elbow. Use the vise grips to make sure these connections are secure.
· Wrap the male end of the 5/8in ID x 100ft garden hose with irrigation thread seal tape and then twist the sprinkler assembly onto the hose until it is secure (the hose will plug into the 3/4in FGH x 1/2in MIP brass hose reducing male adapter)

· Position the sprinkler assembly up against the steel rebar so that it is positioned vertically with the elbow at the bottom pointing towards the irrigation box. Hold it firmly in this position and secure it to the rebar using three 11in UV protected cable ties, installing one at the very top of the assembly just below the sprinkler head, one in the middle, and one at the very bottom just above the elbow. Make sure that you pull the cable ties as tight as possible so that the sprinkler does not shift its position.

· The sprinkler should now be standing vertically with the hose connected to it at the base. 
Flow meter installation:
· Lay out the hose in a straight line towards the irrigation box. 

· If the hose does not yet reach the irrigation box attach the male end of the water flow meter at the end of this hose segment by simply wrapping it with irrigation thread seal tape and screwing it into the hose swivel that comes attached at this end of the garden hose (the hose swivel should already come with a rubber hose washer installed, if not you will need to add one). 

Water flow meter installation
· If the hose already extends beyond the irrigation box you will need to cut this segment of hose and connect it to the male end of the flow meter using the 5/8in ID x 3/4in FGH brass garden hose coupling. Wrap the male end of the hose meter with irrigation thread seal tape and screw the 5/8in ID x 3/4in FGH brass garden hose coupling onto it using the adjustable crescent wrench to make sure this connection is tight (the 5/8in ID x 3/4in FGH brass garden hose coupling should come with a rubber hose washer already installed, if not you will need to add one). Cut the hose in half at any location between the irrigation plot and irrigation box using the heavy-duty clippers. Slide a #12 hose clamp onto the cut end of the hose and then slide the hose onto the hose barb attached to the water flow meter all the way down to its base, then tighten the hose clamp as you did with the #6 hose clamps. The male end of the water flow meter should now be securely attached to the length of hose leading to the sprinkler

· Once the male end of the water flow meter has been attached to the hose, slide the 20in segment of 3in HDPE pipe over the water flow meter and onto the hose. This pipe segment will be positioned around the water flow meter after installation is complete to protect it from the elements. 
Hose installation from water flow meter to pump
· If you are using an in-tact garden hose for the segment that will run from the water flow meter to the pump you can attach it to the female side of the water flow meter by simply wrapping the male end of the hose in irrigation thread seal tape and screwing it into the female swivel at the open end of the water flow meter (the swivel on the water flow meter should already come with a rubber hose washer installed, if not you will need to add one). 
· If you are using a cut garden hose for the segment that will run from the water flow meter to the pump you will need to attach it to the female side of the water flow meter using a 5/8in ID x 3/4in MGH brass garden hose coupling. Screw the 5/8in ID x 3/4in MGH brass garden hose coupling securely into the female swivel at the open end of the water flow meter (remember to first wrap the threaded end of this fitting with irrigation thread seal tape prior to installation, the swivel on the water flow meter should already come with a rubber hose washer installed, if not you will need to add one). Slide a #12 hose clamp onto the cut end of the hose and then slide the hose onto the hose barb attached at this end of the water flow meter all the way down to its base, then tighten the hose clamp around the hose at the base of the hose barb. The female end of the water flow meter should now be securely attached to the length of hose leading to the water pump. 

Installation of remaining hose line:

· Once the water flow meter has been installed, take the open end of the hose and lay it out in a straight line so that it runs the rest of the way to the irrigation box. Determine the length of hose that will be needed to enter the irrigation box via the 7/8in hole and connect at the base of the 5/8in ID x 3/8 MIP brass hose barb adapter at the pump outlet and then add 1ft of slack to this measurement. Then cut the hose to this length using the heavy-duty clippers.

· Thread the hose trough the 7/8in hole in the irrigation box wall, slide a #12 hose clamp onto it, slide the hose onto the 5/8in ID x 3/8 MIP brass hose barb adapter all the way down to its base, and then tighten the hose clamp around the hose at the base of the hose barb.

· The hose line should now be securely set up with the sprinkler connected to the water flow meter, the water flow meter connected to the pump outlet, and the pump inlet connected to the water tank. Slide the segment of HDPE pipe back down the hose line so that it covers the water flow meter to protect it from the elements and seal the irrigation box around the 3/4in and 7/8in holes where the two hose lines enter by applying a small amount of caulk to your index finger and spreading it in a ring shape at these locations (wear latex gloves for this).

Water tank line and sprinkler main line fully installed and connected to pump

Step 8: Hose protection installation, 1 person-hour/shelter

MATERIALS NEEDED:
· 1/2in hardware cloth 4ft x 25ft (quantity needed depends on the length of the sprinkler main line)

· Rainbird galvanized irrigation stakes (20-30, quantity needed depends on the length of the sprinkler main line)
TOOLS NEEDED:
· Heavy-duty clippers (1)

· Measuring tape (1)

· Mallet (1)
· Work gloves (1 pair)
OVERVIEW: In areas where rodents or other wildlife may potentially damage the hose line a housing will need to be fashioned out of hardware cloth to protect it. The edges of cut hardware cloth are sharp so take care to avoid scuffing or puncturing the hose during installation of the hardware cloth and wear work gloves to protect your hands. 

HOSE PROTECTION:

Hose protection installed beginning from sprinkler

· Measure the length of the above ground sprinkler main line using the measuring tape and then use the heavy-duty clippers to cut strips of hardware cloth that measure 6in x 25ft until you have enough to cover the whole line. 
· Next, cut a 2ft x 3ft rectangle of hardware cloth to cover the segment of HDPE pipe housing the water flow meter. 
· Begin installation of the hardware cloth at the sprinkler and work your way back towards the irrigation box. Lay out a strip of hardware cloth and walk down its length folding the middle slightly upwards into a tent shape so that it will not flatten the hose or restrict its expansion once installed Place the hardware cloth strip over the hose so that the hardware cloth covers it all the way up to the sprinkler. If the strip has jagged exposed edges that come into contact with the hose fold it up at these locations to avoid puncturing the hose. 
· Begin placing the galvanized irrigation stakes every 3-5ft beginning where the hardware cloth meets the sprinkler assembly and making your way down towards the irrigation box. Drive the stakes through the openings in the hardware cloth and into the ground in such a manner that the U-shape locks the hose into place and secures the hardware cloth to the soil (a mallet may be useful in this operation, but take care not to flatten the bend of the irrigation stakes). 
Hardware cloth secured with galvanized irrigation stakes
· Once the first strip of hardware cloth is in place, install a second strip in the same manner overlapping it with the strip that is already in place.
· Continue installing strips of hardware cloth in this manner until you reach the HDPE housing for the water flow meter. When you reach this location cut the strip of hardware cloth where it comes into contact with the pipe and skip over the pipe to continue installing hardware cloth on over the hose on the other side of the pipe until you have covered all of the above ground hose line. 
· Once the entire above ground sprinkler main line has been covered with hardware cloth go back and place the 2ft x 3ft rectangle over the HDPE pipe so that the long part of the rectangle runs parallel with the hose line. Secure this rectangle over the HDPE pipe by driving galvanized irrigation stakes through the openings in the hardware cloth and into the ground at each of the four sides of the rectangle, overlapping the two short sides of the rectangle with the hardware cloth protecting the hose.
Water flow meter housing secured with hardware cloth
· The entire sprinkler main line should now be covered with hardware cloth except for the segment of it that runs underground. Check to make sure that the hardware cloth is secure and that wildlife will not have easy access to the hose. If you find places where the hardware cloth is easily lifted off the ground add additional irrigation stakes at these locations.
Step 9: Electrical component installation, 2 person-hours/shelter

MATERIALS NEEDED:
· Coleman 18W solar kit with charge regulator (1)
· Star head wood screws #8 x 1-1/2in (4)
· Seachoice universal series float switch (1)
· J-B weld epoxy (<1 tube)
· Duct tape (<1 roll)
· Red 14 gauge THHN wire (10ft)
· Medium waterproof wire connectors (2)
· 3/4in x 10ft schedule 40 PVC pipe (2)
· 3/4in PVC elbows (8)
· 3/4in PVC tees (2)

· 3/4in PVC male adapters (2)

· 1in S x 3/4in FIP PVC reducer bushings (2)
· Thunderbolt 12v battery, 35Ah sealed lead acid w/ terminal connector bolts (1)
· Black 14 gauge THHN wire (1ft)
· Medium yellow wire connectors (4)
· Paired loop end battery connectors (1 set)
· Insect screen 4in x 4in squares (2)
· 8in UV protected cable ties (2)
· Killz all-purpose white primer (<1 gallon)
· Behr’s premium outdoor paint, olive (<1 gallon)
· Ecobond caulk (<10.1oz)
TOOLS NEEDED:
· Power drill (1)
· 5/32in drill bit (1)
· Star tip driver bit (1)
· Wire stripping tool (1)
· #2 Phillips head screw driver (1)
· PVC cutter (1)
· Measuring tape (1)
· Marker (1)

· Caulking gun (1)
· Saw horses for painting (2)
· Tarp for painting (1)
· Containers filled with water for paintbrushes (2)
· Paint brushes (2)

· Work gloves (1 pair)

· Safety glasses (1 pair)

· Latex gloves (1 pair)

· Cloth to cover battery terminal
OVERVIEW: Once all of the irrigation components are in place the system’s electrical components need to be installed. You will set up a circuit between the water pump, a 12v battery, and a float switch mounted in the water tank so that the system automatically detects when the tank begins to fill with water and activates the water pump. A solar panel and solar charge regulator will be installed to keep the 12v battery charged at all times and a 3/4in PVC electrical housing will be constructed to protect these wires from wildlife. Once the battery has been connected a ventilation snorkel constructed of 3/4in PVC will need to be installed in the irrigation box to prevent gas build-up from the battery. Always wear work gloves and safety glasses and use caution when operating power tools. 
*Battery Safety: Always wear gloves and goggles when working with the battery. Electric shock is a concern when working with the battery.  Never touch a battery’s positive (red) and negative (black) terminals at the same time. To avoid this, place the cloth over one of the battery terminals whenever you are working in the electrical box. Be particularly careful that your tools don’t accidentally touch both terminals. 
*If the battery was sitting in water, i.e. the components box flooded, do not try to use the battery or charge it. This can result in an explosion. Before attempting to use the battery again, take it to a battery repair expert. 

SOLAR PANEL, FLOAT SWITCH, ELECTRICAL HOUSING INSTALLATION:

Pipe and fitting prep:

· Before starting installation paint two 3/4in x 10ft PVC pipes. Lay them out on saw horses over a tarp, coat them on all sides with white primer, allow the primer to dry, and then coat them on all sides with olive paint. While doing this, leave approximately 1in unpainted at each end to make it easier to attach fittings at these locations.

· Next lay out eight 3/4in PVC elbows, two 3/4in PVC tees, two 3/4in PVC male adapters, and two 1in S x 3/4in FIP PVC reducer bushings on the tarp and paint them with the white primer and olive paint. These pipes and fittings will be used for both the electrical housing and the ventilation snorkel.

Attaching solar panel to tank lid:

· Begin installation by mounting the solar panel on the water tank lid. Lay the solar panel flat on the lid with the solar panel’s cord on the right-hand side when viewing the tank from the front and center it in the middle of the lid.

· Mark the location of the solar panel’s four screw holes and then drill through this location with the 5/32in drill bit. Once these holes have been drilled line up the holes on the solar panel with the holes you have drilled and drive in the #8 x 1-1/2in star bit screws at these locations so that the solar panel is securely fastened to the tank’s lid

Installing the float switch:
· Next, remove the water tank’s lid (being careful of attached solar panel) and mount the float switch inside the tank on the ledge above the water tank’s outlet using the JB weld epoxy. Mix equal parts from the JB weld’s steel tube and hardener tube until it forms a dark gray paste, apply a liberal coating of this paste to the bottom of the float switch, and then position the float switch on the ledge above the trough outlet with the switch pointing towards the center of the tank. Use a couple of strips of duct tape to hold the float switch in this position while the epoxy cures, which will take about 24 hours. 

· Once the float switch is secured in this position (the bond should be very strong) cut two 4.5ft lengths of the red 14 gauge THHN wire and attach these lengths to extend each of the float switch’s two brown wires. To do this strip a 1/2in length from one end of each of the red wire segments using the wire stripping tool and twist each of them together with the end of a separate brown float switch wire (which should already be stripped), then secure these connections by sliding on the medium waterproof wire nuts and screwing them down until tight. This should lock the two wires together so that they cannot be separated without first removing the waterproof wire nuts. Run the wires out over the lip of the water tank above the tank’s outlet with the waterproof wire connectors inside of the water tank and then reinstall the tank’s lid so that it rests on top of the red wires. 
Installing PVC electrical housing:

Electrical housing installation
· Next, build the PVC electrical housing that will protect the float switch and solar panel’s wires and connect them with the irrigation box. Begin by threading the solar panel wire through a 3/4in PVC elbow and slide this elbow up so that it is positioned at the base of where this wire connects with the solar panel with the elbow’s open end pointing towards the front (outlet side) of the water tank. Then, measure and cut a 1ft length of 3/4in PVC pipe and thread the solar panel wire through this segment, connecting it to this elbow end so that the pipe points towards the front of the water tank.  

· Thread the solar panel wire through another 3/4in PVC elbow and connect it to the PVC pipe with the elbow facing to the left of the water tank when viewing it from the front. Then, mark the spot on the water tank’s lid that is positioned directly above the 1in hole drilled in the wall on this side of the irrigation box and cut a length of PVC pipe that will reach from this elbow to just 3/4in short of the mark you have made, then thread the solar panel wire through this segment of PVC and connect it to the elbow. 

· Thread the solar panel wire through another 3/4in PVC elbow and connect it to the PVC pipe segment you have just installed with the elbow pointing down towards the front of the water tank. Measure and cut the length of PVC pipe needed to reach from this elbow to just beyond the edge of the water tank’s lid and then thread the solar panel wire through this segment and connect it to the elbow. 

· Thread the solar panel wire through the first and third sockets of a 3/4in PVC tee and connect the tee’s first socket to the pipe at the edge of the water tank’s lid with the tee’s open second socket facing down towards the ground. Thread the two red float switch wires through this open second socket and out through the tee’s third socket so that they join the path of the solar panel wire. 

· Cut a 2in length of PVC pipe, thread the float switch and solar panel wires through this segment, and connect it to the tee’s open third socket. Then thread the float switch and solar panel wires through another 3/4in PVC elbow and connect the elbow to this segment of PVC pipe so that the open end of the elbow points down towards the ground.

· Measure the vertical distance between this elbow and the 1in hole drilled in the wall on this side of the irrigation box, then subtract 3/4in from that measurement and cut a length of PVC pipe to this size. Thread the solar panel and float switch wires through this segment of PVC and connect it to the elbow.  
· Thread the solar panel and float switch wires through one more elbow and connect this elbow to the PVC pipe segment you have just installed so that the open end of the elbow points directly at the 1in hole drilled in the wall on this side of the irrigation box. Then screw the 3/4in PVC male adapter into this 1in hole from the outside of the box and screw the 1in S x 3/4in FIP reducer bushing onto the tip of the male adapter from the inside of the box effectively locking these two fittings into place. 
· Measure and cut the length of PVC pipe needed to connect the open end of the 3/4in PVC elbow to the 3/4in PVC male adapter that is attached to the irrigation box, and then thread the float switch and solar panel wires through this pipe segment, through the male adapter, and through the reducer bushing, and then connect this segment of PVC pipe to the elbow at one end and to the male adapter at the other end. 
· The electrical housing should now be complete and securely connected to the irrigation box with the float switch and solar panel wires now housed inside of the irrigation box. Seal the irrigation box around the 1in hole where the electrical housing connects to it by applying a small amount of caulk to your index finger and spreading it in a ring shape at this location (wear latex gloves for this).

Connecting the pump, float switch and battery wiring:

· Use the wire tool to cut the paired red and black water pump wires and strip a 1/2in length of wire at the end of each of these wires.

· Connect one of the red float switch wires to the red pump wire by twisting the exposed ends of the two wires together and then sliding a medium yellow wire connector onto this connection and screwing it down until it is tight.

· Connect the red loop end battery connector to the other red float switch wire by twisting the exposed ends of these two wires together and then sliding a medium yellow wire connector onto this connection and screwing it down until it is tight.

· Strip 1/2in from both ends of a 1ft length of 14 gauge black THHN wire and then use it to extend the black water pump wire by twisting one of these exposed ends together with the end of the black pump wire and sliding a medium yellow wire connector onto this connection and screwing it down until it is tight. Then attach the black loop end battery connector to the other end of the 14 gauge black THHN wire by twisting the exposed ends of these two wires together and then sliding a medium yellow wire connector onto this connection and screwing it down until it is tight. 
BATTERY, SOLAR CHARGE REGULATOR, VENTILATION SNORKEL INSTALLATION:

Battery installation:
· Wearing gloves and safety goggles, place the 12v battery in the irrigation box and center it in the half of the box that is not occupied by the water pump. Never touch a battery’s positive (red) and negative (black) terminals at the same time. To avoid this, place the cloth over one of the battery terminals whenever you are working in the electrical box. Be particularly careful that your tools don’t accidentally touch both terminals. When you need to work on the terminal with the cloth, move the cloth to the opposite terminal, never leaving the two terminals uncovered at the same time. 
· Plug the solar panel wire into its designated connector on the solar charge regulator. 
· The battery should come with two bolts, two nuts, two locking washers, and four flat washers for securing loop end connections to its terminals. Slide a locking washer onto one of the bolts, then slide one of the flat washers onto this bolt, then slide the red loop end battery connector from the solar charge regulator onto this bolt, then slide the red loop end battery connector from the float switch onto this bolt, then slide the bolt through the red (positive) battery terminal, then slide another flat washer onto this bolt, then screw the nut down onto this bolt using a #2 Phillips head screw driver to tighten this connection.

· Slide the other locking washer onto the other bolt, then slide one of the flat washers onto this bolt, then slide the black loop end battery connector from the solar charge regulator onto this bolt, then slide the black loop end battery connector from the float switch wire onto this bolt, then slide the bolt through the black (negative) battery terminal, then slide the other flat washer onto this bolt, then screw the nut down onto this bolt using a #2 Phillips head screw driver to tighten this connection. (picture of all connections—with labels—see old protocol)
· Note: This picture is from an old protocol and therefore does not exactly represent new component box 
The circuit between the float switch, water pump, and 12v battery should now be complete and the solar charge regulator should light up indicating that it is charging the battery. Continue to leave the cloth on one of the terminals until you have closed up the components box. [image: image2.png]Charge
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Ventilation snorkel:

· Next, construct and install a ventilation snorkel to prevent battery gasses from building up inside the irrigation box. Screw a 3/4in PVC male adapter into the 1in hole in the irrigation box on the side opposite of the water tank (this should be the only open predrilled hole left in the irrigation box), then screw a 1in S x 3/4in FIP PVC reducer bushing onto the tip of the male adapter from the inside of the irrigation box effectively locking these two fittings in place. 

· Cut a 3in length of 3/4in PVC pipe and plug it into the male adapter, then connect a 3/4in PVC elbow to the other end of this segment of PVC pipe so that the open end of the elbow points straight up into the air. 

· Cut a 2ft length of 3/4in PVC pipe and plug it into the open end of the elbow. Then plug the second socket of a 3/4in tee fitting onto the top of this pipe so that the first and third sockets point straight out to the left and right. 
· Cut two more 3in segments of 3/4in PVC pipe and plug them into the open tee sockets, and then connect a 3/4in PVC elbow to each of these segments of PVC pipe so that the open ends of these elbows point straight down towards the ground (this will ensure that rain does not enter the irrigation box via the snorkel). 

· The snorkel should now be complete and securely connected to the irrigation box. Install insect filters to the two open 3/4in PVC elbows by wrapping them each with a 4in x 4in square of insect screen and securing these screens with 8in UV protected cable ties. Then, seal the irrigation box around the 1in hole where the ventilation snorkel connects to it by applying a small amount of caulk to your index finger and spreading it in a ring shape at this location (wear latex gloves for this).
Step 10: Priming and calibrating, 1 person-hour/shelter
MATERIALS NEEDED:
· Clean water (40 gallons)

· Electrical line warning label (1)

· Duct tape (<1 roll)

TOOLS NEEDED:
· 5 gallon jugs (8)
· Socket wrench (1)

· 9/16in socket wrench fitting (1)

· Shovel (1)
OVERVIEW: Once the irrigation system is complete you will need to calibrate the sprinkler to the proper radius, angle, and diffusion setting and prime the pump, water tank, hose lines, and pre-tank water lines so that the system will activate as soon as it begins to rain. Keep in mind that wind will displace water from the sprinkler so you may want to adjust its radius so that it extends slightly beyond the boundary of the irrigation plot so that the entire 100m^2 area receives additional water during a storm. This process of priming and calibrating will result in adding a small amount of artificial rainfall to the irrigation plot so try to calibrate the sprinkler using as little water as possible and make sure to keep track of how much water is added to the irrigation plot for data adjustment purposes.

PRIMING THE IRRIGATION SYSTEM:
· Fill eight 5-gallon jugs with clean water.
· Begin by first priming the pre-tank water lines. Open the water tank lid by temporarily disconnecting one segment of the electrical housing near the solar panel and pour a small amount of water into one of the gutter end drops (picture of this) until you see water beginning to fill the water tank, then repeat this process at each of the three remaining gutter end drops. This will leave residual water in the pre-tank water lines so that water begins to enter the water tank as soon as it starts to rain.  Approximately 1.5 gallons are needed for this part. Record the amount of water used on the data sheet. 
· Next, prime the water tank, pump, and hose lines. Pour water directly into the water tank until the float switch clicks on and activates the pump, usually about 15 gallons, and then continue to pour additional water into the water tank as needed until the sprinkler is activated, usually 5-10 gallons. The pump will continue to run until the water level drops in the water tank and the float switch clicks off, leaving residual water in the bottom of the water tank and in the hose line. This will ensure that any rainfall collected is dispersed to the irrigation plot and is not intercepted by the empty space in the hose lines and in the bottom of the water tank below the float switch. Record the amount of water used on the data sheet. 
CALIBRATING THE SPRINKLER:

· Once the system is primed the sprinkler will need to be calibrated to the proper radius and diffusion setting. Pour one of the five gallon jugs into the water tank to activate the system and then follow the sprinkler instructions to adjust the stream deflector to a minimum of a 5.65m radius (100m^2 area), adjust the diffuser screw to disperse water evenly throughout the irrigation plot, and flip the pattern adjuster all the way up so that the sprinkler spins in a continuous 360degree circle. If the sprinkler fails to spin continuously, make sure that the lower pattern adjuster wing is clicked in up against the sprinkler and the upper pattern adjuster wing sticks out to the right when viewing the sprinkler from above. If the system switches off before the calibration process is finished, add more water to the water tank to reactivate the system.
 Rain Bird 25PJDAC brass impact sprinkler calibration instructions

Sprinkler setup for continuous 360 degree pattern

· Record the amount of artificial rainfall distributed to the irrigation plot for data adjustment purposes. To do this, calculate the volume of water inside the hose between the water flow meter and the sprinkler and subtract this figure from the reading on the water flow meter (to read the water flow meter lift the hardware cloth securing the HDPE pipe housing and slide the HDPE pipe to the side, then press the right button on the flow meter once to turn on the display). Hold down the left button on the water flow meter to reset the counter, slide the HDPE pipe back over the water flow meter, and reinstall the hardware cloth by driving the irrigation stakes back into the ground.
· Put the lid back on the irrigation box, use a socket wrench equipped with a 9/16in socket to reinstall the lid bolts, press the green plastic bolt covers back into their original position, tape an electrical line warning label on top of the lid, bury the underground hose lines and the irrigation box and with the ventilation snorkel sticking up out of the soil, and put the lid back on the water tank.
· The irrigation system should now be complete, primed, calibrated, and ready for rainfall.

