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[bookmark: _GoBack]SECTION 32 84 00
PLANTING IRRIGATION

SPEC WRITER NOTES:
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7]1.	Use this section only for NCA projects.
2.	Delete between //   // if not applicable to project. Also delete any other item or paragraph not applicable in the section and renumber the paragraphs.
3.	Modify the following paragraph according to the project situation, and indicate whether the irrigation system is part of an existing system being modified, or whether the system is new.
4.	Modify the section to remove references to automatic operation, if the system being installed is manually operated.

GENERAL 
DESCRIPTION 
Contractor is responsible for providing //a manually controlled// //a stand-alone programmable// //a programmable fully automatic// system with full and complete coverage within the areas indicated on the drawings. Furnish all labor, materials, supplies, equipment, tools, and transportation, and perform all operations in connection with and reasonably incidental to the complete installation of the fully functional irrigation system, and warranty as shown on the drawings, the installation details, and as specified. Other items of work specifically included are:
SPEC WRITER NOTE: Modify the following add or delete items as required to cover the work for this specific project.

Procurement of all applicable licenses, permits, and payment of required fees.
Coordination of Utility Locates ("Call Before You Dig").
Maintenance period services.
Sleeving for irrigation pipes and wires as indicated, and/or beneath all hardscape surfaces.
SPEC WRITER NOTE: Modify the following paragraph based upon the project conditions. Retain the applicable definitions after editing.

Definitions:
Lateral Piping: Piping located downstream from control valves to sprinklers, specialties, and drain valves. Piping is under pressure during flow.
Mainline Piping: Located downstream from point of connection to water distribution piping to, and including, control valves. Piping is under system pressure.
Control Voltage: As defined in NFPA 70, Article 720 for circuits and equipment operating at less than 50 V, or Article 725 for remote-control, signaling, and power-limited circuits.
Hardscape: Site roads, walks, walls, or any other surface improvements for which removal for excavation to perform maintenance or replacement of the irrigation system pipes, or wires will require disturbance of other than landscape materials.
RELATED WORK
SPEC WRITER NOTE: Retain one of two paragraphs below.

//Section 01 00 01, GENERAL REQUIREMENTS (Major NCA Projects).//
//Section 01 00 02, GENERAL REQUIREMENTS (Minor NCA Projects).//
Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES.
Section 01 42 19, REFERENCE STANDARDS.
Section 01 81 13, SUSTAINABLE DESIGN REQUIREMENTS.
//Section 01 91 00, GENERAL COMMISSIONING REQUIREMENTS.//
Section 03 30 53, CAST-IN-PLACE CONCRETE (SHORT FORM).
Division 26, Electrical
Section 31 20 00, EARTH MOVING.
Section 32 30 00, SITE FURNISHINGS.
Section 32 90 00, PLANTING.
APPLICABLE PUBLICATIONS 
SPEC WRITER NOTE: Make material requirements agree with requirements specified in the referenced Applicable Publications. Verify and update the publication list to that which applies to the project, unless the reference applies to all mechanical systems. Publications that apply to all mechanical systems may not be specifically referenced in the body of the specification, but, shall form a part of this specification.

The publications listed below form a part of this specification to the extent referenced. The publications are referenced in the text by the basic designation only.
American Society of Mechanical Engineers (ASME):
A112.6.3-2016	Floor and Trench Drains
B16.1-2015	Gray Iron Pipe Flanges and Flanged Fittings: Classes 25, 125, and 250
B40.100-2013	Pressure Gauges and Gauge Attachments 
American Society of Sanitary Engineers (ASSE):
1013-2011	Reduced Pressure Principle Backflow Preventers and Reduced Pressure Principle Fire Protection Blackflow Preventers
American Society for Testing and Materials (ASTM):
A36/A36M-2014	Standard Specification for Carbon Structural Steel
A48/A48M-2003 (R2012)	Standard Specification for Gray Iron Castings
A242/A242M-04 (2009)	High Strength Low-Alloy Structural Steel
A536-1984 (R2014)	Standard Specification for Ductile Iron Castings
B61-2015	Standard Specification for Steam or Valve Bronze Castings 
B62-2015	Standard Specification for Composition Bronze or Ounce Metal Castings 
B88-2014	Standard Specification for Seamless Copper Water Tube
C857-2014	Standard Practice for Minimum Structural Design Loading for Underground Precast Concrete Utility Structures 
C858-2010e1	Standard Specification for Underground Precast Concrete Utility Structures
D698-2012e2	Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Standard Effort (12,400 ft-lbf/ft3 (600—kN-m/m3)
D1784-2011	Standard Specification for Rigid Poly(Vinyl Chloride)(PVC) Compounds and Chlorinated Poly(Vinyl Chloride) (CPVC) Compounds
D1785-2015	Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and 120
D1894-2014	Standard Test Method for Static and Kinetic Coefficients of Friction of Plastic Film and Sheeting
D2241-2015	Standard Specification for Poly(Vinyl Chloride) (PVC) Pressure-Rated Pipe (SDR Series) 
D2464-2015	Standard Specification for Threaded Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80 
D2466-2015	Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 40 
D2564-2012	Standard Specification for Solvent Cements for Poly(Vinyl Chloride) (PVC) Plastic Piping Systems 
D2657-2007 (R2015)	Standard Practice for Heat Fusion Joining of Polyolefin Pipe and Fittings
D2672-2014	Standard Specification for Joints for IPS PVC Pipe Using Solvent Cement
D2774-2012	Standard Practice for Underground Installation of Thermoplastic Pressure Piping
D3139-1998 (R2011)	Standard Specification for Joints for Plastic Pressure Pipes Using Flexible Elastomeric Seals
D3350-2014	Standard Specification for Polyethylene Plastics Pipe and Fittings Materials 
F477-2014	Standard Specification for Elastomeric Seals (Gaskets) for Joining Plastic Pipe
American Water Works Association (AWWA):
C110-2012	Ductile-Iron and Gray-Iron Fittings
C111-2012	Rubber Gasket Joints for Ductile-Iron Pressure Pipe and Fittings
C115-2011	Flanged Ductile-Iron Pipe with Ductile-Iron or Gray-Iron Threaded Flanges 
C151-2009	Ductile-Iron Pipe, Centrifugally Cast
C504-2015	Rubber Seated Butterfly Valves
C509-2015	Resilient-Seated Gate Valves for Water Supply Service
C600-2010	Installation of Ductile Iron Water Mains and Their Appurtenances
C605-2013	Underground Installation of Polyvinyl Chloride (PVC) and Molecularly Oriented Polyvinyl Chloride (PVCO) Pressure Pipe and Fittings
C900-2007	Polyvinyl Chloride (PVC) Pressure Pipe and Fabricated Fittings, 4 In. Through 12 In. (100 mm Through 300 mm), for Water Transmission and Distribution
C905-2010	Polyvinyl Chloride (PVC) Pressure Pipe and Fabricated Fittings, 14 In. Through 48 In. (350 mm Through 1,200 mm) for Water Transmission and Distribution
C906-2015	Polyethylene (PE) Pressure Pipe and Fittings, 4 In. Through 65 In. (100 mm Through 1,650 mm), for Waterworks
Manufacturers Standardization Society (MSS):
SP-70-2011	Gray Iron Gate Valves, Flanged and Threaded Ends 
National Electrical Manufacturers Association (NEMA):
250-2014	Enclosures for Electrical Equipment (1000 Volts Maximum); 
National Fire Protection Association (NFPA):
70-2014	National Electrical Code
Plastics Pipe Institute (PPI):
TR-33-2012	Generic Butt Fusion Joining Procedure for Field Joining of Polyethylene Pipe
SPEC WRITER NOTES:
1.	Verify number of copies of irrigation information submittals with NCA/CFM Project Manager.
2.	Submit “Do not drink” signage as part of signage submittal package also.

SUBMITTALS
Submittals, including number of required copies, shall be submitted in accordance with Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES.
Information and material submitted under this section shall be marked “SUBMITTED UNDER SECTION 32 84 00, PLANTING IRRIGATION”, with applicable paragraph identification.
Unless otherwise noted, provide four (4) copies of irrigation information in a 3-ring binder with table of contents and index sheet. Provide sections that are indexed and labeled for valves, sprinklers, pipe and fittings, wire and wire connectors, ID tags, shop drawings, “DO NOT DRINK” sign, and all other irrigation equipment shown or described on the drawings and within these specifications. Highlight items being supplied on the catalog cut sheets. Submittal package must be complete prior to being reviewed by the COR. Incomplete submittals will be returned without review. Sequentially number each page of the submittal for ease in referencing during submittal review. Pages within a letter or number identified Tab section may be numbered sequentially as long as the process is consistent and provide unique page identification for each page of the submittal.
Materials List: Include all materials and products that are part of the irrigation system including, but not limited to: pipe, fittings, valves, mainline components, water filtration components, electrical components, and control system components. Quantities of materials need not be included.
Manufacturers' Literature and Data including: Full item description and optional features and accessories. Include dimensions, weights, materials, applications, standard compliance, model numbers, size, and capacity. Submit manufacturers' catalog cuts and specifications for equipment to be included in the project work. For rotary sprinklers include Center for Irrigation Technology Space Pro Single Leg Profile showing the Distribution Uniformity and Scheduling Coefficient for the nozzles being used at the specified spacing.
Shop Drawings: Complete detailed layout shop drawings covering design of system showing pipe sizes and lengths; fittings, locations, types and sizes of sprinkler heads; controls; backflow preventers; valves; //drainage pits;// //location and mounting details of electrical control equipment; complete wiring diagram showing routes and wire sizes; wiring details and source of current;// and connections to existing services. Do not start work before final shop drawing approval.
Testing: Submit a proof of testing report following completion of each test listed in Part 1 of these specifications. Unless otherwise noted, include name of test, date of test, name of the individual completing the test, name of the company completing the test and a summary of the test results. If system fails test, document any and all retests until system passes test.
Maintenance and Operation Instructions: Submit information listed in Part 3 of these specifications.
Complete operating and maintenance manuals including wiring diagrams, technical data sheets, information for ordering replacement parts, and troubleshooting guide:
Include complete list indicating all components of the systems.
Include complete diagrams of the internal wiring for each item of equipment.
Diagrams shall have their terminals identified to facilitate installation, operation and maintenance.
Name and address of a permanent service organization maintained or trained by the manufacturers that will as a result of determined warranty work, or after warranty period following execution of a service contract for this facility, render satisfactory service within 24 hours of receipt of notification that service is requested.
SPEC WRITER NOTES:
1.	Modify the following depending upon whether the project is for a new cemetery or a modification to an existing cemetery.
2.	Coordinate the specific requirements with the As-built drawings paragraph in Section 01 00 01, GENERAL REQUIREMENTS (Major NCA Projects) or Section 01 00 02, GENERAL REQUIREMENTS (Minor NCA Projects).

Reproducible "as-built" drawings. Submit information indicating the “as-built” conditions for the irrigation system to the COR //as marked-up copies of the full sized bid documents posted with all addendum, clarification and approved modifications// //as electronic DWG files of the original bid drawings posted with all addendum, clarifications, and approved modifications//. //Upon approval by the COR the Contractor produced marked-up “as-built” irrigation drawings shall be submitted to the A/E for preparation of the electronic “as-built” drawing(s) for the irrigation system. After electronic "as-built" drawing(s) have been approved, the Contractor shall utilize them to prepare an overall irrigation system drawing//to replace the existing one with this expansion area included// //of a size suitable for display at the location determined appropriate by the Cemetery operations staff// //proximate to the irrigation central control computer// //at the location determined in the field//.
Controller Chart:
Prepare a map diagram showing location of all valves, lateral lines, and route of the control wires. Identify all valves as to size, station, number and type of irrigation. "As-built" drawings must be submitted and approved before charts are prepared.
Provide one controller chart showing the area covered by controller for each automatic controller supplied at the maximum size controller door will allow. Chart shall be a reduced drawing of the actual "as-built" system. If controller sequence is not legible when the drawing is reduced to door size, the drawing shall be enlarged to a size that is readable and placed folded, in a sealed plastic container, inside the controller door.
Chart shall be a print with a different color used to show area of coverage for each station. Charts must be completed and approved prior to final inspection of the irrigation system.
[bookmark: _Toc451823711]//Completed System Readiness Checklist provided by the Commissioning Agent and completed by the contractor, signed by a qualified technician and dated on the date of completion, in accordance with the requirements of Section 01 91 00, GENERAL COMMISSIONING REQUIREMENTS.//
//Submit training plans and instructor qualifications in accordance with the requirements of Section 01 91 00, GENERAL COMMISSIONING REQUIREMENTS.//
SUBSTITUTIONS
Unless otherwise noted, use specified equipment to match existing equipment. COR must approve equipment prior to construction. Changes and associated design costs to accommodate alternative equipment are Contractor’s responsibility. “As-Built” information shall show the sizes installed.
Pipe sizes referenced in the construction documents are minimum sizes, and may be increased at Contractor’s option.
QUALITY ASSURANCE
Irrigation Contractor:
Irrigation contractor must have demonstrated, using persons directly employed by the contractor, experience with the construction of at least 5 irrigation systems having large diameter gasketed pipe 150 mm (6 inch) and greater, centralized control systems with hardwired or radio communication, electrically operated remote control valves, large radius rotary sprinklers (minimum 25 mm 1 inch inlet with swing joint)//, and pre-fabricated pump stations//.
Irrigation contractor must be licensed in the State of //(Fill in the name of State where the project is located)//.
Equipment Manufacturer:
Manufacturer regularly and presently manufactures the item submitted as one of their principal products.
There is a permanent service organization, maintained or trained by the manufacturer, which will render satisfactory service within 24 hours of receipt of notification that service is requested.
Installer, or supplier of a service has technical qualifications, experience, and trained personnel and facilities to perform the specified work.
Products Criteria:
Multiple Units: When two or more units of the same type or class of materials or equipment are required, these units shall be products of one manufacturer.
Assembled Units: Manufacturers of equipment assemblies, which use components made by others, shall be such that assume complete responsibility for the final assembled product.
All components of an assembled unit need not be products of the same manufacturer but component parts which are alike shall be the product of a single manufacturer.
Components shall be compatible with each other and with the total assembly for the intended service.
Nameplates: Nameplate bearing manufacturer's name or identification trademark shall be securely affixed in a conspicuous place on equipment, or name or trademark cast integrally with equipment, stamped, or otherwise permanently marked on each item of equipment.
SPEC WRITER NOTE: Modify the following paragraph to adjust the coverage requirements when the irrigation water quality causes staining of hardscape materials due to water quality issues like high Iron.

System Requirements:
Full (head to head plus 10 percent) and complete coverage of the irrigated areas is required. At no additional cost to the Government, make necessary adjustments to head locations as required to achieve full coverage of irrigated areas.
Layout work as closely as possible to drawings. Drawings are diagrammatic to the extent that swing joints, offsets, and all fittings are not shown. Location of the pipelines and valves are also shown diagrammatically - locations may have been adjusted for clarity of the drawings. Lines are to be common trenched wherever possible. Irrigation heads along roadways shall be placed between //   // cm (//   // inches) and //   // cm (//   // inches), from edge of pavement unless otherwise specified.
Locations of remote control valves is schematic. Remote control valves shall be grouped wherever possible and aligned at a set dimension back of curb along roads. Remote control valves shall be located individually or in groups of two, to minimize tripping hazards. Where the exact location for the valves has not been set, or where there are any conflicts, the location shall be coordinated with the COR before installation.
Irrigation lines and control wire shall be run //at boundaries of graves,// through designated utility lanes or beside roadways// so that any gravesite may be opened in the future without disruption of the irrigation system//.
Irrigation lines, control wires, and power wires shall be run in trenches as indicated on the drawings or as typical for industry standards, if not indicated.
Connect new system to existing mains. //Disconnect and abandon existing irrigation system.// //Connect to new mains.//
Unless noted otherwise, all irrigation lines, power wires, and control wires shall be run in sleeves or conduit where installed beneath any site hardscape materials.
Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70 by a qualified testing agency, and marked for intended location and application.
SPEC WRITER NOTES:
1.	Modify the following paragraph as appropriate to indicate exactly what programming of the central computer is required, what programming for stand-alone programs is required, and what programming is required for any new satellite controllers.
2.	Modify the following paragraph when adding to an existing irrigation system to address the fully functional irrigation program, when all satellites and zone control valves are fully operational. Provide programming as required to perform temporary irrigation that will need to be operated to establish new lawn and plants, before acceptance by the owner.
3.	If the central control controls both existing and new controllers, then provide and/or modify programming so the system will operate the existing and new controllers for a fully operational irrigation system. In addition, require that the Contractor provide any interim modifications to central controls in order to allow the operation of the existing system as well as all or portions of the new, until the full system is operational.

Completely program central controller //and satellite controllers// according to approved //master irrigation schedule//.
Follow manufacturer's instructions for installation.
Ensure manufacturer of Control Systems certifies that Control System is complete, including all related components, and totally operational. Submit certificate to COR.
Guaranty: Warranty of Construction, FAR clause 52.246-21.
PERFORMANCE REQUIREMENTS
SPEC WRITER NOTE: Modify the following paragraph on an individual project basis, the listed pressures may not be obtainable in a given installation.

Minimum Working Pressures: The following are minimum pressure requirements for piping, valves, and appurtenances unless otherwise indicated.
Irrigation Mainline Piping: 1380 kPa (200 psig).
Lateral Piping: 1034 kPa (150 psig).
SPEC WRITER NOTE: Modify the following to add codes as required, and local jurisdictional requirements.

CODES AND REGULATIONS
Work and materials will be in accordance with the latest edition of the National Electric Code, the Uniform Plumbing Code, and applicable laws and regulations of the governing authorities.
When the contract documents call for materials or construction of a better quality or larger size than required by the above-mentioned rules and regulations, provide the quality and size required by the contract documents.
If quantities are provided either in these specifications or on the drawings, these quantities are provided for information only. It is the Contractor's responsibility to determine the actual quantities of all material, equipment, and supplies required by the project and to complete an independent estimate of quantities and wastage.
SPEC WRITER NOTE: Modify the following, as applicable, based upon the conditions regarding the availability for the source of irrigation water supply for the irrigation system for this project.

AVAILABILITY AND USE OF UTILITY SERVICES
The government shall make NO utilities available to the Contractor from existing outlets and supplies except as follows. Upon completion of the new irrigation system for this project or completion of portions thereof, the contractor through the permanent connection of the new irrigation system to the //existing fully functional irrigation system// //new fully operational irrigation water source of supply constructed as part of this project//, shall be provided water at available flow and pressure, for use by the Contractor, with Contractor provided additional facilities and/or equipment as required to perform the required flushing and testing of the new irrigation system. //Contractor shall coordinate the construction of the new irrigation water source of supply with the irrigation system construction to ensure that water is available for irrigation purposes, or shall provide for irrigation water by other means at no cost to the Government.// Once the irrigation system //and irrigation water source of supply// //is// //are// deemed operable and approved, and prior to the final inspection, the contractor may use water at no cost through the irrigation system for establishing turf and maintaining plant material. //The use of water for new landscape establishment shall be coordinated, with the existing Cemetery irrigation operations so as to not adversely effect their operations or the existing irrigated landscape materials.// No other expressed or implied uses of government furnished water exist.
//The Contractor, at Contractor's expense and in a workmanlike manner satisfactory to the COR, shall install and maintain all necessary temporary connections and distribution lines, and meters required by the public utilities for providing temporary irrigation water.// Before final acceptance of the work by the Government, the Contractor shall remove all the temporary connections, distribution lines, meters, and associated appurtenances.
SPEC WRITER NOTES:
1.	Modify the operational tests depending upon whether there are only new satellite controllers connected to the irrigation system, or whether there are existing and new satellite controllers being operated as part of the irrigation system as described in the Facilities Design Guide.
2.	Modify the description for the operational tests to require that the satellite controllers be operated to activate their respective zone valves, through operation by the Central Computer, by activation manually at the satellite, and by activation using any handheld devices for operating zone control valves in the field, as applicable.

[bookmark: _Toc451823707]TESTING
Notify the COR three days in advance of testing.
Newly installed irrigation pipelines jointed with rubber gaskets or threaded connections shall be subject to pressure and leakage testing after partial completion of backfill. Pipelines jointed with solvent-welded PVC joints will be allowed to cure at least 24 hours before testing.
Subsections of mainline pipe may be tested independently, subject to the review of the COR.
Furnish clean, clear water, pumps, labor, fittings, power and equipment necessary to conduct tests or retests.
Volumetric Leakage Test – Gasketed Mainline Pipe:
Backfill to prevent pipe from moving under pressure. Expose couplings and fittings.
Purge all air from the pipeline before test.
SPEC WRITER NOTES:
1.	Modify the following paragraphs where 690 kPa (100 psig) is indicated as the test pressure, if the irrigation lines are to be operated at a normal pressure higher than 450-480 kPa (65-70 psig). The test pressure should be performed at a minimum of 150% of the normal operation pressure for the line, without exceeding the pressure rating for the pipe.
2.	Adjust the allowable leakage as proportional to the actual test pressure as compared to the 690 kPa (100 psig) indicated.

Provide all necessary pumps, bypass piping, storage tanks, meters, 75 mm (3 inch) test gage, supply piping, and fittings in order to properly perform testing. Testing pump must provide a continuous 690 kPa (100 psig) pressure to the mainline pipe. Where main lines are installed with significant elevation change, perform the test at the mid elevation of the segment being tested. Main lines may be tested in segments where the terrain makes it difficult to maintain the test pressure throughout. The test pressure is the minimum pressure on the line at the highest point of the line segment being tested.
Allowable deviation in test pressure is 34 kPa (5 psig) during test period. Average pressure during the test shall be 690 kPa (100 psig) therefore the pressure shall start at 5 psig above and be re-pressurized when the pressure is 5 psig below the test pressure. Restore test pressure to 690 kPa (100 psig) at end of test. Water added to mainline pipe must be measured volumetrically to nearest 100 ml (0.025 gallons).
Subject mainline pipe to the anticipated operating pressure of 690 kPa (100 psig) for two hours. The amount of additional water pumped in during the test will not exceed the value in the table, or the calculated value using the formula below, based upon differing number of joints, duration or pressure of the test:
	Leakage Allowable (Gallons per (100 Joints) / Hour)

	
	Test Pressure (PSI)

	PIPE SIZE
mm (inches)
	
60
	
70
	
80
	
90
	
100
	
110
	
120
	
130
	
140

	63 (2-1/2)
	0.26
	0.28
	0.30
	0.32
	0.34
	0.35
	0.37
	0.39
	0.40

	75 (3)
	0.31
	0.34
	0.36
	0.38
	0.41
	0.43
	0.44
	0.46
	0.48

	100 (4)
	0.42
	0.45
	0.48
	0.51
	0.54
	0.57
	0.59
	0.62
	0.64

	150 (6)
	0.63
	0.68
	0.73
	0.77
	0.81
	0.85
	0.89
	0.92
	0.96

	200 (8)
	0.84
	0.90
	0.97
	1.03
	1.08
	1.13
	1.18
	1.23
	1.28

	250 (10)
	1.05
	1.13
	1.21
	1.28
	1.35
	1.42
	1.48
	1.54
	1.60

	300 (12)
	1.26
	1.36
	1.45
	1.54
	1.62
	1.70
	1.78
	1.85
	1.92



Note: Allowable Leakage calculated using L = (ND√P)/7400
   Where: L = Allowable Leakage (gph)
   N = Number of Joints
                    D = Nominal Diameter of Pipe (inches)
              P = Average Test Pressure (psi)
	The following are the values for a 2 hour duration test at 100 psig for pipe length containing 100 joints.
3.10 l (0.82 gallons) per 100 joints of 75 mm (3 inch) diameter pipe
4.09 l (1.08 gallons) per 100 joints of 100 mm (4 inch) diameter pipe
6.13 l (1.62 gallons) per 100 joints of 150 mm (6 inch) diameter pipe
8.18 l (2.16 gallons) per 100 joints of 200 mm (8 inch) diameter pipe
10.22 l (2.70 gallons) per 100 joints of 250 mm (10 inch) diameter pipe
12.26 l (3.24 gallons) per 100 joints of 300 mm (12 inch) diameter pipe
	Volumetric leakage exceeding the amounts indicated above, adjusted for system test pressure and number of joints shall be a failure of the test. Replace defective pipe, fitting, joint, valve, or appurtenance. Repeat the test until the pipe passes test.
Cement or caulking to seal leaks is prohibited.
Contractor may sub-contract testing to pipeline testing company approved by COR.
Hydrostatic Pressure Test – Solvent Weld Lateral Pipe:
Subject lateral pipe to a hydrostatic pressure equal to the anticipated operating pressure of 550 kpa (80 psig) for 30 minutes.
Cap all sprinkler risers.
Backfill to prevent pipe from moving under pressure. Expose couplings and fittings.
Leakage will be detected by visual inspection. Replace defective pipe, fitting, joint, valve, or appurtenance. Repeat the test until the pipe passes test.
Cement or caulking to seal leaks is prohibited.
After lateral passes test and prior to operational test, install sprinklers and backfill and compact all pipe, fittings, joints, or appurtenance.
Operational Test – Remote Control Valves, Lateral Piping, and Sprinklers:
Activate each remote control valve in sequence from each new satellite controller manually at the controller, automatically from the Central Computer, and via any handheld units //through the central controller// //through their stand-alone communication system//. Manual operation on the valves from the bleed valve on the remote control valve is not an acceptable method of activation. The COR will visually observe operation, water application patterns, and leakage.
Replace defective remote control valve, solenoid, wiring, or appurtenance to correct operational deficiencies.
Replace, adjust, add, or move water emission devices to correct operational or coverage deficiencies.
Replace defective pipe, fitting, joint, valve, sprinkler, or appurtenance to correct leakage problems. Cement or caulking to seal leaks is prohibited.
Repeat test(s) until each lateral passes all tests. Repeat tests, replace components, and correct deficiencies at no additional cost to the Owner.
//The backflow prevention device shall be tested by a certified tester prior to project acceptance.//
Distribution Uniformity (DU):
Perform a DU Test on one zone of burial section rotors and one zone of tree lawn rotors per satellite controller. Verify that DU meets manufacturer’s data.
In conjunction with the COR, select the zones of sprinklers that are representative of the area being irrigated by the satellite controller.
Perform a catch can test using procedures recommended by the Irrigation Association.
Where DU test fails adjust zone pressures and/or nozzle sizes to meet required Distribution Uniformity.
Calculate and provide a written documentation of the DU for each zone tested.
An Irrigation Association Certified Landscape Irrigation Auditor must perform the test. Provide written evidence of certification prior to conducting test.
SPEC WRITER NOTES:
1.	Grounding for the satellites is very site specific and is dependent on the site soil conditions and the method(s) being utilized to construct the earth grounding. To achieve the desired resistance value for the grounding of less than 15 ohms, recommended maximum allowable value, and the recommended value of 5 ohms or below, adjustment to the number and type of grounding facilities installed is required.
2.	When testing of field installed grounding installations produce resistance values that are higher than those recommended above, the only way to lower the resistance level is to add more grounding equipment. Refer to the Facilities Design Guide for information on what to include for grounding to protect the irrigation equipment, and procedures to follow to achieve the desired grounding without incurring cost increases due to change orders.
3.	Modify the following to include sufficient information that will result in the Contractor providing a fully functional grounding system for the irrigation system equipment that will result in test results for the grounding that is at or below the readings specified herein.
4.	Modify the values for the grounding test readings if required to be at levels recommended by the manufacturer for protection of the equipment, or as indicated herein, whichever is lower.

Control System Grounding:
Test all new satellite controllers for proper grounding of control system with installed grounding equipment that creates grounding resistance readings of 5 ohms or less or higher levels not to exceed 15 ohms, if acceptable by equipment manufacturer without equipment warranty invalidation. Test results must meet or exceed control system manufacturer's requirements for acceptance, while maintaining equipment warranty.
Replace defective wire, grounding rod or appurtenances. Repeat the test until the manufacturer's requirements are met. Add grounding rods as needed, bond all rods together.
If the test is acceptable, the individual completing the test must document the results of the grounding test on the inside of each satellite controller pedestal door and via a written report submitted to the COR. Documentation should include satellite name or number, date of test, name or initials of the individual completing the test, and the ohms resistance to ground. The test results should be marked on the inside of each satellite controller pedestal door using a permanent marker.
A written report of the test data listing satellite name or number, date of test, name of the individual completing the test, name of the company completing the test and the ohms resistance to the local ground for each satellite must be submitted to the COR.
SPEC WRITER NOTES:
1.	Modify the following paragraph to reflect testing of the entire irrigation system, if there are portions that already exist, or just operating the new portion installed as part of this project. Having existing irrigation components as well as new complicates the testing process and faults, as there can be situations where the existing system problems may cause the failure during automatic operations. Clarify exactly what has to be done to adjust the programming, so known problem zones in the existing system can be removed from the scheduling program to prevent faults.
2.	The irrigation system as well as the water supply source providing water to the irrigation system, if other than a connection to a municipal water supply connection, both need to be demonstrated as well as any equipment and or facilities that have been installed to ensure that the two systems operate together as designed, with any safe guards that were designed to be fully functional. Modify as required to clearly require full acceptance testing for the applicable system(s).

Irrigation System Acceptance Test (Burn in) Prior to Final Inspection:
Upon completion of construction and prior to Final Inspection, an Acceptance Test(Burn in) must be passed.
Coordinate start of Test with COR.
During the Test, the irrigation system must be fully operational from the //central control system// //stand-alone programs at the individual satellites// for the system. The irrigation system, must operate with no faults for 14 consecutive days. If at any time during the 14 day test period, a system fault occurs, the source of the fault must be determined and corrected and the 14 day evaluation period will start again. If a system fault occurs, make repairs within 24 hours of notification from COR. Document any faults in the proof of test report listing date of fault, fault, cause of the fault and the corrective action taken.
When the system has operated for 14 days without fault, contact the COR to schedule Final Inspection.
If the system is designed to detect flow and shut down and this condition happens during test, this is considered a success and test continues; if it does not shut down the test starts over
SPEC WRITER NOTES:
1.	The following may be applicable when there is a water supply source control system that operates with interconnection to the irrigation computer control software. Modify as appropriate for the project conditions.
2.	Delete the following paragraph if the water supply source system operates totally off of the pressure in the irrigation system, performing pressure maintenance, and there are no separate computer operated system safeguards and there is no SCADA system.
3.	Modify the following paragraph to describe the intercommunication being tested between the SCADA system and the Irrigation Central Computer systems.
4.	Delete the following paragraphs if no SCADA system is present.

Central Control to Supervisory Control and Data Acquisition (SCADA) System Communication Test:
Replace defective wire, wire connections or appurtenances. Repeat the test until the manufacturer's guidelines are met.
Test communication between the irrigation central control computer and the SCADA equipment.
The Irrigation Delivery Software (IDS) shall function in coordination with the SCADA System for the Irrigation Water Supply Source (IWSS) and IDS systems to operate on fully automatic mode for 14 consecutive days// as described herein and in particular in the Section describing the installation and operation of the SCADA system//.
[bookmark: _Toc451823709]WARRANTY AND REPLACEMENT
Guaranty: Warranty of Construction, FAR clause 52.246-21.
The purpose of the warranty is to ensure that the Government receives irrigation materials of prime quality, installed and maintained in a thorough and careful manner.
Warranty irrigation materials, equipment, and workmanship against defects for a period of one year from Final Acceptance by COR. Fill and repair depressions. Restore landscape, utilities, structures or site features damaged by the settlement of irrigation trenches or excavations. Repair damage to the premises caused by construction or a defective item. Make repairs within 24 hours of notification from COR.
Replace damaged items with identical materials and methods per contract documents or applicable codes. Make replacements at no additional cost to the contract price.
Warranty applies to originally installed materials and equipment and replacements made during the Warranty period.
SPEC WRITER NOTE: Modify the following to coordinate with the project specific conditions. Where there is an existing irrigation system and the project is an expansion, clearly indicate the specific construction requirements for the project.

GENERAL CONSTRUCTION REQUIREMENTS
Coordinate construction of irrigation system with COR or Cemetery Staff. Coordinate temporary shut-down of existing system with Cemetery Staff prior to construction. Disturbance to cemetery operations must be minimized. See irrigation plans and installation details and Specifications Sections for required coordination efforts related to the installation of specific irrigation components.
Connections to the existing mainline must be approved by the COR while minimizing the impact on the operation of the existing irrigation system.
Install irrigation mainline and control and power wiring in sleeves under new roads prior to installation of road base, and under all other concrete or asphalt, either existing or new for this project.
Install irrigation components in landscaped areas unless specifically indicated otherwise. Irrigation components in other than landscaped areas shall be //in sleeves// //placed utilizing HDPE pipe, with no joints beneath the non-landscaped areas//.
Construction cannot proceed unless staking of irrigation mainline, remote control valve locations, and sprinkler locations are reviewed and accepted by the COR.
PRODUCTS 
[bookmark: _Toc451823710]QUALITY
Use new materials without flaws or defects.
[bookmark: _Toc451823713]SUBSTITUTIONS
Unless noted otherwise, use specified equipment. Equipment used will match the equipment installed in the previous phase as noted. COR must approve equipment prior to construction. The Contactor through written request prior to purchase or installation may request substitutions to the approved equals listed herein. Changes and associated design costs to accommodate alternative equipment are Contractor’s.
Pipe sizes referenced in the construction documents are minimum sizes, and may be increased at Contractor’s option.
SPEC WRITER NOTE: Modify the following paragraph to select the appropriate sleeving for the locations, depth, soil conditions and loading to which the sleeving will be subjected. Follow the Facilities Design Guide regarding location of irrigation mains.

SLEEVING
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Provide sleeves beneath all hardscape for irrigation pipe and all wiring. Provide separate sleeves beneath hardscape for wiring.
Use rigid, unplasticized polyvinyl chloride (PVC) 1120, 1220 National Sanitation Foundation (NSF) approved pipe, extruded from material meeting the requirements of Cell Classification 12454-A or 12454-B, ASTM D1784, with an integral belled end.
Use AWWA C905, DR-18 rated at 1620 kPa (235 psig) conforming to dimensions and tolerances established by ASTM D2241 for mainline pipe sleeves greater than 300 mm (12 inch).
Use Class 200, SDR-21, rated at 1380 kPa (200 psig), conforming to dimensions and tolerances established by ASTM D2241 or AWWA C905, DR-25 rated at 1137 kPa (165 psig) conforming to AWWA C905, or use AWWA C900 PVC pipe, rated at 1380 kPa (200 psig).
Sleeve sizes are to be as shown on the drawings or twice the nominal diameter of pipe if not shown. The wiring bundle area may not exceed more than 40 percent of the sleeve cross sectional area, per NEC recommendations.
Restrained Casing Spacers:
Use restrained casing spacers on gasketed mainline pipe contained in a sleeve. Provide restrained casing spacers for gasketed joints that occur within sleeve and as necessary along pipe length.
SPEC WRITER NOTE: Ensure that there is a detail in the drawings showing the casing spacer installation and the applicable size for specific pipe sizes, otherwise paragraph E. above is applicable.

Sleeve Size: As shown in the Casing Spacer Installation Detail.
Use casing spacers manufactured from high strength ductile iron, per ASTM A536, Grade 65-45-12. Use restraining rods manufactured from high strength low alloy material meeting the requirements of ASTM A242/A242M and AWWA C111. Use runners manufactured from ultra-high molecular weight polymer with a tensile impact of 320-640 Joules/cm (600-1200 ft-lbs./in.) and a coefficient of friction of 0.14-0.17 per ASTM D1894.
SPEC WRITER NOTE: Modify to 1380 kPa (200 psig) if working pressure exceeds the pipe pressure rating, or if the main is installed beneath pavement.

PIPE AND FITTINGS 
Irrigation Mains:
Provide one of the following materials:
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Ductile Iron, AWWA C151, minimum working pressure 1034 kPa (150 psig) cement lined, exterior bituminous coated.
Polyvinyl Chloride (PVC) Pressure Pipe, AWWA C900, Class 200, minimum working pressure 1380 kPa (200 psig). Pipe shall conform to outside diameters of AWWA C151 cast iron pressure pipe to accommodate cast iron fittings.
Polyvinyl Chloride (PVC) Pressure Pipe, PVC 1120, SDR-21, rated at 1034 kPa (150 psig), conforming to dimensions and tolerances established by ASTM D2241. Joints shall conform to ASTM D3139 for use with elastomeric seals.
High Density Polyethylene (HDPE) pipes shall comply with AWWA C906. Materials used for the manufacture of polyethylene pipe and fittings shall be made from a PE 3408 high density polyethylene resin compound meeting cell classification 345434C per ASTM D3350.
Except for HDPE pipe, use rubber-gasketed pipe equipped with factory installed reinforced gaskets for mainline pipe. Gasketed pipe joints must conform to the “Laboratory Qualifying Tests” section of ASTM D3139. Gasket material must conform to ASTM F477. Use push-on rubber-gasketed ductile iron fittings according to paragraph “Fittings” below.
HDPE Joints: The pipe shall be joined with butt, heat fusion joints as outlined in ASTM D2657 and conform to PPI TR-33. All joints shall be made in strict compliance with the manufacturer’s recommendations. A factory qualified joining technician as designated by pipe manufacturer or experienced, trained technician shall perform all heat fusion joints. Lengths of pipe shall be assembled into suitable installation lengths by the butt-fusion process. All pipes so joined shall be made from the same class and type of raw material made by the same raw material supplier.
Mainline pipe within sleeves: Provide restrained casing spacers for gasketed joints that occur within sleeve and as necessary along pipe length.
Lateral Pipe and Fittings:
Use rigid, unplasticized polyvinyl chloride (PVC) 1120, 1220 National Sanitation Foundation (NSF) approved pipe, extruded from material meeting the requirements of Cell Classification 12454-A or 12454-B, ASTM D1784, with an integral belled end suitable for solvent welding.
Use Class 160, SDR-26, rated at 1104 kPa (160 psig), conforming to dimensions and tolerances established by ASTM D2241. Use PVC pipe rated at higher pressures than Class 160 in the case of small nominal diameters not manufactured in Class 160. Pipe joints shall be solvent, weld type conforming to ASTM D2672. Solvent cement shall conform to ASTM D2564.
Use solvent weld pipe for lateral pipe, ASTM D1785, Schedule 40. Use Schedule 40, Type 1, PVC solvent weld fittings conforming to ASTM Standards D2466 for PVC pipe. Use primer approved by pipe manufacturer. Solvent cement to conform to ASTM D2564, of type approved by pipe manufacturer.
Threaded Pipe: Polyvinyl Chloride, ASTM D1785, PVC 1120, Schedule 80, for threaded connections, risers and swing joints.
Pipe Above Grade and in Concrete Structures: AWWA C115, flanged joints and fittings working pressure 1034 kPa (150 psig).
Fittings:
Irrigation Mains:
Ductile Iron and PVC Pipe: Use fittings conforming to AWWA C110 with mechanical joints conforming to AWWA C111 or flanged fittings conforming to AWWA C110 with flanges conforming to ASME B16.1, Class 125. All mechanical joint fittings shall be installed with retainer glands designed for the pipe material, and shall be manufactured with twist off screws that sheer off at the proper force to anchor the retainer gland to the pipe at the pressure rating for the pipe, or at the test pressure for the pipe, whichever is higher, without causing damage to the pipe.
HDPE Pipe: Use fittings conforming to AWWA C906.
Irrigation Laterals: PVC, Schedule 40, solvent welded socket type, ASTM D2466.
Threaded Pipe: PVC, Schedule 80, ASTM D2464.
Swing Joints: Shall be a standard complete assembly by a manufacture, with elastomeric seals that allow 360 degree rotation, and are designed for minimum 1380 kPa (200 psig) working pressure.
Jointing Materials:
Irrigation Mains: Rubber gaskets, AWWA C111.
Irrigation Laterals: Use primer approved by pipe manufacturer. Solvent cement to conform to ASTM D2564, of type approved by pipe manufacturer.
Threaded pipes: Use only Teflon-type tape or Teflon based paste pipe joint sealant on plastic threads. Use non-hardening, non-toxic pipe joint sealant formulated for use on water-carrying pipes on metal threaded connections.
SPEC WRITER NOTES:
1.	Modify the following depending upon the size of the main into which the thrust block is to be attached.
2.	For bends beneath hardscape for mains 150 mm (6 inch) or greater require plastic and rebar as indicated on the thrust block details.
3.	Coordinate the specifications with the drawing details.

RESTRAINTS
Thrust Blocks:
Use thrust blocks for fittings on pipe greater than or equal to 75 mm (3 inch) diameter or any diameter rubber gasketed pipe. Use of mechanical restraints does not eliminate the need for installation of thrust blocks as specified.
Use 20 MPa (3,000 psig) concrete.
Use 50 micrometers (2-mil) plastic.
Use 12.7 mm (No. 4) Rebar wrapped or painted with asphalt tar based mastic coating.
Joint Restraint Harness:
Use a joint restraint harness as presented in the installation details and wherever joints are not positively restrained by flanged fittings, threaded fittings, and/or retainer glands and thrust blocks.
Use a joint restraint harness with all ductile iron fittings 150 mm (6 inch) and greater, transition fittings between metal and PVC pipe, where weak trench banks do not allow the use of thrust blocks, or where extra support is required to retain a fitting or joint.
Use a joint restraint harness or retainer glands with preset torque shearing set screws, on all mainline gate valve assemblies 100 mm (4 inch) and greater.
Use bolts, nuts, retaining clamps, all-thread, or other joint restraint harness materials that are stainless steel. Use retainer conforming to ASTM A536. Use high strength, low alloy steel bolts and connecting hardware conforming to AWWA C111.
MAINLINE COMPONENTS
Valves (Except remote control valves):
General valve installation shall be as presented in the installation details. Unless specifically noted otherwise, valves for existing facilities shall match the existing, of the same type. All valves shall meet or exceed any specified parameters identified herein, or the parameters for the existing valves being matched, whichever provided the higher quality product.
Underground Shut-Off Valves:
SPEC WRITER NOTE: Provide one or more of the following based upon project specific conditions. Use type in paragraph 1) unless there are special circumstances that require the other types.

Gate valves 50 mm (2 inches) and greater: Iron body, bronze mounted, double disc with parallel or inclined seats, non-rising stem turning clockwise to close, //1034 kPa (150 psig)// //1380 kPa (200 psig)// minimum working pressure. AWWA C509.
Butterfly valves 75 mm (3 inches) and greater: cast iron body with stainless steel shaft, ductile iron valve disc and resilient rubber coated, //1034 kPa (150 psig)// //1380 kPa (200 psig)// minimum pressure. AWWA C504.
Check Valves: Swing.
Smaller than 100 mm (4 inches): Bronze body and bonnet, ASTM B61 or ASTM B62, 850 kPa (125 pound) WSP.
100 mm (4 inches) and greater: Iron body, bronze trim, vertical or horizontal installation, flange connection, 1380 kPa (200 pound) WOG.
SPEC WRITER NOTE: Modify as appropriate for the project conditions and provide the pressure setting for the valve in the specific location for the installation.

Pressure Reducing Valve: Cast steel body with renewable seats, with stainless steel trim. Flow passages and all parts designed to withstand high velocity applications, flange connected. Unless otherwise noted, pressure reducing valves shall be adjustable to the desired pressure, within the selected range of operation specified.
Air-Vacuum Relief Valve: Cast Iron body with epoxy coating, polypropylene float, glass fiber reinforced nylon kinetic float, Buna-N seals and O-rings, stainless steel nuts and bolts, pressure range 14 kPa to 1585 kPa (2 psig to 230 psig). Use a continuous acting combination vacuum and air release valve.
PVC Ball Valve: Use a true union ball rated to 1620 kPa (235 psig). Use valve with safe-t-blocked seal carrier (full rated pressured) safe-t-shear stem, and self-adjusting floating seat.
Quick Coupling Valve Assembly:
As presented in the installation details.
Brass construction, 1-inch nominal size, operating pressure 34 kPa to 861 kPa (5 psig to 125 psig) with locking rubber or vinyl cover. Acceptable manufacturer and model is //(fill in based upon the existing acceptable products)// //to match existing equipment or approved equal//. For new installations use high quality brass, bronze or stainless steel manufacturer’s equipment for similar golf course or lite commercial applications.
Swing Joint: Use pre-manufactured triple swing joint. Quality of manufactured product shall meet or exceed that of products manufactured by Spears, Lasko, or approved equal.
Quick Coupler Anchor: Use pre-manufactured bolt on anchor.
Valve Box: Use plastic (ABS) 250 mm (10 inch) round valve box with black lid. Product quality shall meet or exceed that of Brooks Products or approved equal.
Filter Fabric: Use a spunbond polyester 3.5 oz per square yard landscape fabric.
SPEC WRITER NOTES:
1.	Coordinate the specifications with the type of flower watering station facility and particularly the spigot.
2.	Revise the specifications to provide water through a service that has an isolation valve and pressure regulation valve before the flower watering spigot.
3.	Follow the Facilities Design Guide for the type of spigot for the project location, for new facilities.
4.	Revise the specs to match the existing facilities, unless otherwise noted, and then note any changes that are required.

Flower Water Station Spigot Connection Assembly:
As presented in the installation details.
Flower Watering Station Spigot: As specified in Section 32 30 00, SITE FURNISHINGS.
Curb Stop Valve: Brass body, 2070 kPa (300 psig) minimum working pressure. ASTM B62, female threaded connections, with stop and waste feature.
Inline pressure regulator, 275 kPa (40 psig) maximum, 25 mm (1 inch) maximum inlet and outlet.
Copper Pipe: Use Type “M” soft tubing conforming to ASTM B88. Use wrought copper or cast bronze fittings, soldered, flared mechanical, or threaded joint per installation details. Use a 95-percent tin and 5-percent antimony solder.
Valve Box: Use a concrete curb valve box with cast iron lid sized 200 mm ID x 300 mm (8 inch ID x 12 inch). Valve box must be capable of being face anchored in concrete.
The final approved configuration, including the mounting method shall be as approved during the submittal process.
Valve Box:
Gate and Butterfly Valve:
Valve boxes in pavement shall be precast concrete with compressive strength of the concrete in excess of 27.6 Mpa (4000 psig). In turf and planter areas valve boxes shall be HDPE structural foam Type A, Class III, //black// //green// //tan// in color. Box shall be minimum 483 mm (19 inches) long by 355 mm (14 inches) deep with key-lockable hinged lid.
SPEC WRITER NOTE: Indicate how many “T” handles are to be provided by the Contractor.

Box shall be of such length to be adapted to depth of cover required over pipe at valve location. Mark box cover to differentiate between lawn irrigation system and domestic water supply system and set flush with finished grade. Provide //   // "T" handle socket wrenches of 18 mm (5/8 inch) round stock with sufficient length to extend 600 mm (2 feet) above top of deepest valve box cover.
Operations:
Underground: furnish valves with 50 mm (2 inch) nut for T-Handle socket wrench operation.
Above ground and in pits: MSS SP-70, with handwheels.
All butterfly valves 150 mm (6 inches) and above shall have enclosed gear drive operators.
Ends of valves shall accommodate the type of pipe installed. Valves on buried irrigation mains shall have Mechanical Joint ends with retainer glands.
Remote Control Valves:
When in pavement, valve boxes shall be precast concrete with compressive strength of the concrete in excess of 27.6 MPa (4000 psig). In planter areas, valve boxes shall be HDPE structural foam Type A, Class III, //black// //green// //tan// in color. Box shall be minimum 483 mm (19 inches) long by 355 mm (14 inches) deep with key-lockable hinged lid.
SPEC WRITER NOTE: Modify the one of the two following subparagraphs as required to match the existing conditions, or as directed by the project area MSN Engineer during project design review.

//After installation hot brand into lid of valve boxes 75 mm (3 inch) high, 5 mm (3/16 inch) deep labels designating the controller and circuit numbers with permanent white epoxy paint. Numbers shall be placed at center of valve cover and shall face nearest main road or service road.// 
//After installation, label boxes with two 75 mm (3 inch) size stencils designating the controller and circuit numbers with permanent white epoxy paint. Numbers shall be placed at center of valve cover and shall face nearest main road or service road.// 
Furnish //762 mm (30 inch)// //   // mm (//   // inch) long valve adjustment keys.
//Drip zone Lateral Flush Cap Assembly: Round reinforced plastic valve box and lid constructed from HDPE. Opening at top of access box to be 14.5 cm (5-3/4 inch) diameter, minimum. Height of access box to be 23 cm (9-1/16 inch), minimum. Lid to have lift-hole for opening.//
//Emitter Access Boxes: Round plastic boxes with lid constructed of UV resistant thermoplastic material, tan in color. Top diameter to be 13 cm (5 inch) minimum. Height of box to be 26 cm (10-1/4 inch), minimum.//
Backflow Preventer: Provide reduced pressure principle backflow preventer in each new connection to existing potable water distribution system, ASSE 1013, except pressure drop at design flow shall not exceed 69 kPa (10 psig).
SPEC WRITER NOTES:
1.	Modify as applicable to install water meter or meters to record all irrigation water sources. Designer to confirm the requirements of meter installation with water provider.
2.	Add specifications for water meters to be used by the owner for record keeping of all irrigation water sources for project.

Water Meter Assembly:
Water Meter:
//Furnished and set by Public Service Company. // 
//Furnished by Public Service Company and installed by contractor.// 
//Contractor furnished and installed meter approved by Public Service Company. Forward approval before installation. //
Water Meter Boxes:
SPEC WRITER NOTE: Select one of the paragraphs in this section.

Cast iron body and cover for water meter, with lettering "WATER METER" in cover; and with slotted, open-bottom base section of length to fit over service piping.
SPEC WRITER NOTE: Delete subparagraph below if prohibited.

Base section may be cast iron, PVC, PE, or other pipe.
Cast iron body and double cover for water meter, with lettering "WATER METER" in top cover; and with separate inner cover; air space between covers; and slotted, open-bottom base section of length to fit over service piping.
SPEC WRITER NOTE: Use meter box in paragraph below in walks or unpaved areas away from traffic; do not use in roadways.

Polymer-concrete body and cover for water meter, with lettering "WATER METER" in cover; and with slotted, open-bottom base section of length to fit over service piping, vertical and lateral design loadings of 6800 kg minimum over 250 mm by 250 mm (15,000 lb minimum over 10 by 10 inches) square.
Concrete Vaults:
Precast, reinforced-concrete vault: ASTM C858, designed for AASHTO HS20-44 load designation.
Ladder: ASTM A36/A36M, steel or polyethylene-encased steel steps.
Steps:
Rungs shall be 25 mm (1 inch) diameter, 300 mm (12 inches) wide with 175 mm (7 inches) of clear space between the rung and the wall and a minimum of 65 mm (2-1/2 inch) depth in the wall.
Rungs shall be free of sharp edges, burrs or projections and be designed so a foot cannot slide off the end. Provide in all structures exceeding 1200 mm (4 feet) in depth.
Drain: ASME A112.6.3, cast iron floor drain with outlet. Include body anchor flange, light-duty cast iron grate, bottom outlet, and integral or field-installed bronze ball or clapper-type backwater valve.
SPEC WRITER NOTE: Retain one of the two following paragraphs. Alternate load designations are defined in ASTM C857.

//Manhole Frame and Cover: ASTM A48/A48M, Class No. 35A minimum tensile strength, gray cast iron, 600 mm (24 inch) minimum diameter, unless otherwise indicated.//
//Manhole Frame and Cover: ASTM A536, Grade 60-40-18, ductile iron, 600 mm (24 inch) minimum diameter, unless otherwise indicated.//
Strainers: Basket or "Y" type with brass strainer basket. Body smaller than 65 mm (2-1/2 inch) shall be brass or bronze; 65 mm (2-1/2 inch) and greater shall be cast iron or semi-steel. Strainer cover to be furnished with blow-off connection and shut-off valve to accommodate 20 mm (3/4 inch) diameter hose connection.
Pressure Gages: ASME B40.100, 115 mm (4-1/2 inch) diameter, all metal case, oil filled, bottom connected. Dial shall be either black or white, lacquered throughout. Provide shut-off cocks. Provide scale range suitable for irrigation systems. The maximum operating pressure should not exceed 75 percent of the full-scale range. The normal operating range should be in the middle half of the range (between 25 and 75 percent of the full-scale range).
SPRINKLER IRRIGATION COMPONENTS
Remote Control Valve Assembly:
Remote Control Valve:
As presented in the installation details. Installation shall result in the control valve being installed underground and operated by a //24-volt AC electric solenoid// //24-volt AC/DC direct drive thermal hydraulic motor//. Valves shall be globe type of heavy duty construction and shall have manual shut-off and flow control adjustment and provide for manual operation. Install valves with unions on each side to allow for easy removal. Valves shall have a minimum of 1034 kPa (150 psig) working pressure. Higher working pressure valves shall be provided for systems that operate with working pressures above 965 kPa (140 psig). Install assembly over gravel sump as presented in the installation details.
SPEC WRITER NOTE: For normal water or water containing sand, retain subparagraph b. and delete subparagraph c. For sewage effluent or extremely dirty water, retain subparagraph c. and delete subparagraph b.

//Valves shall be of all brass or plastic construction furnished as straight or angle pattern type, or valve body shall be cast iron with brass bonnet, trim and renewable seat and have two inlet tappings (furnished with one plugged) to allow installation as either a straight or angle pattern valve.//
//Valves shall be diaphragm type designed to operate in water containing sand and debris and shall have a self-cleaning type contamination filter to filter all water leading to the solenoid actuator and the diaphragm chamber. Valve shall incorporate a non-adjustable type opening and closing speed control for protection against surge pressures, or valves shall operate by means of a slow acting direct drive without ports, screens or diaphragms.//
SPEC WRITER NOTE: Coordinate with the project manager during the scoping of the project to determine if this feature should not be included.

Valves shall contain pressure regulators.
Valves shall be completely serviceable from the top without removing valve body from the system. Furnish //762 mm (30 inch)// //   // mm (//   // inch) long adjustment keys. Valves to operate at no more than 48 kPa (7 psig) pressure loss at manufacturers maximum recommended flow rate.
PVC Ball Valve: Use a true union ball rated to 1620 kPa (235 psig). Use valve with safe-t-blocked seal carrier (full rated pressured) safe-t-shear stem, and self-adjusting floating seat. Acceptable manufacturer is Spears or approved equal.
PVC Union: Use a Schedule 40 threaded union with O-ring seal. Acceptable manufacturer is Spears or approved equal.
Filter Fabric: Use a spunbond polyester 3.5 oz. per square yard landscape fabric.
Wire connectors: Use 3M DBY or DBR.
Use standard Christy I.D. tags with hot-stamped black letters on a yellow background.
SPEC WRITER NOTE: Modify specifications below to include all irrigation head and drip components being used in the project. The descriptions below are generic.

Pop-Up Gear-Driven Rotary Sprinkler Assembly:
Full Circle Sprinklers: To be a dual or tri-nozzle combination type with positive drive by means of a gear assembly. Sprinkler head to rotate uniformly and to be driven by means of a train of gears. Sprinklers to be equipped with an integral anti-drain valve to be self-closing at pressures of 3.0 m (10 feet) of head or less. Gears and pinions shall be assembled on stainless steel spindles in a water-lubricated sandproof gear case. An inlet screen shall prevent debris from entering the sprinkler and shall be removable with the internal assembly. Sprinklers outer case shall be constructed of corrosion resistant, impact resistant, heavy-duty ABS
Part circle sprinklers to be variable arc type as required with same type drive used for full circle heads.

SPEC WRITER NOTE: Modify specifications below to include all irrigation head and drip components being used in the project. The descriptions below are generic.

Spray Heads: Nozzle shall be pop-up or fixed spray type of standard, undersize or oversize configuration as noted on plans. The sprinkler body, stem, nozzle and screen shall be constructed of heavy-duty, ultraviolet resistant plastic. It shall have a heavy duty stainless steel retract spring and a ratcheting system for alignment of the pattern. The sprinkler shall have a soft elastomer pressure-activated comolded wiper seal for cleaning debris from the pop-up stem. The sprinkler shall have a plastic or brass nozzle with an adjusting screw capable of regulating the radius and flow. The sprinkler shall be capable of housing protective, nonclogging filter screens or pressure compensating screens (PCS) under the nozzle.
SPEC WRITER NOTE: Modify specifications below to include all irrigation head and drip components being used in the project. The descriptions below are generic.

//Drip Emitters:
Drip emitters shall be of the pressure compensating, permanently assembled type with 1.25 cm (1/2 inch) FPT inlet. Emitters shall be capable of providing 1gpm at inlet pressures between 103 kPa and 345 kPa (15 psig and 50 psig).
Emitter distribution tubing shall be constructed of UV resistant vinyl material with a 5.5 mm (0.22 inch) O.D. and a 4 mm (0.16 inch) I.D. Tubing shall be as manufactured by the same manufacturer as the drip emitters.//
Control Voltage Control Valve Wire:
Wire: Solid copper wire, Underwriters Laboratories Inc. approved for direct burial in ground. Size of wire shall be in accordance with manufacturer's recommendations, but in no case less than No. 14.
Splicing Materials: Epoxy waterproof sealing packet.
Control voltage controller cable: Multi-strand cable, Underwriters Laboratories Inc. approved for direct burial in ground. Size and type of wire shall be in accordance with manufacturer’s recommendations.
SPEC WRITER NOTE: Use non-detectable type at cemeteries only.

Warning Tape: Standard, 4-Mil polyethylene 75 mm (3 inch) wide tape, //detectable// //non-detectable// type blue with black letters (if potable water), or purple with black letters (if reclaimed or untreated well water), and imprinted with “CAUTION BURIED IRRIGATION WATER LINE BELOW”.
Tracer Wires: No. 14, Green, Type TW plastic-coated copper tracer wire shall be installed with non-metallic irrigation main lines.
SPEC WRITER NOTE: For projects having one or more field satellites, retain paragraph 2.8 and delete paragraphs 2.9 and 2.10. For smaller projects with independent controllers, select Electric or Solar powered Controller options as conditions permit.

CONTROL SYSTEM COMPONENTS
Automatic Central Control Equipment—With Field Satellites:
Overall Control Concept: The automatic control system shall consist of central computer system which provides irrigation starting controls and overriding capabilities of field satellite units in turn operating individual remote control valves in accordance with timing schedules programmed into the //central// //field// units. The number of units and location of the installations are shown on the drawings.
SPEC WRITER NOTE: Modify as required to indicate components that are included in the system for this project. Add additional equipment where required to provide communication between the water supply source equipment and the irrigation equipment.

The Central Computer Control System consists of a Central Computer, //Master Flow Meter,// //Leak Detection Flow Meters,// //Moisture Sensor,// //ET Measurement Device,// //Rain Measurement Device,// //Wind Measurement Device,// //Central Control Software,// //Field Controller,// and all accessories necessary to operate the irrigation system. All of these components and software shall be a standard package as supplied by the irrigation control manufacturer.
SPEC WRITER NOTES:
1.	Modify to provide performance criteria for the Central Computer Control System, without indicating any manufacturer information. The spec writer should accurately define functioning and operational components.
2.	Modify where the Central Computer Control System is to match the existing system, and clarify whether a full system replacement of the Central and satellites is acceptable instead of matching the existing.
3.	Modify to include functional performance information describing how the system is to operate and provide the desired leak detection performance. Describe what conditions are to cause alarm conditions and specify the level of system shut down that is to occur as a result of the alarm conditions.
4.	Specify exactly how new irrigation system components are to be integrated with existing and what modification, replacement, upgrading, etc. is required for the existing system facilities and equipment.
5.	Prepare a performance based narrative that clearly describes how the system is to operate during: normal automatic operations; manual operations; partial shut down conditions and emergency shut down conditions.
6.	Prepare a performance based narrative describing how the water supply source is to operate in conjunction with the irrigation Central Computer equipment.

Central Computer Control System:
The Central Controller shall have the following characteristics:
SPEC WRITER NOTES:
1.	The listing in the spec note following is only a guideline. Individual manufacturer and models will vary. The spec writer should accurately define material and operational components.
2.	Capable of reading a flow meter and recording flow for each station. Logging for each station for the last xx water days, run times, water usage, and operational characteristics.
3.	Capable of receiving and storing onsite, daily ET weather data and accumulated rainfall to automatically determine station run times in minutes.
4.	Multiple master schedules to allow daily, weekly programming.
5.	Water budgeting proportionate to historical ET.
6.	Cycle and Soak watering.
7.	Complete English and Spanish operators manual built-in.
8.	Electrical fault detection and bypass - logs all alerts.
9.	Programmable rain shut down.
10.	Activate / deactivate master valve control.
11.	Optional integrated Radio Remote compatible.
12.	Pump starts.
13.	Flow monitoring within operator-set parameters.
14.	Built-in transient protection and lightning protection.

Flow Meter:
SPEC WRITER NOTES:
1.	The listing in the spec note following is only a guideline. Individual manufacturer and models will vary. The spec writer should accurately define material and operational components.
2.	Identify housing materials.
3.	Pulse output, voltage and pulse rate proportional to the flow.
4.	Fully compatible with the internal interface of controller.
5.	Powered by the controller.
6.	Flow meter data can be accurately read by the controller up to X,XXX feet.
7.	By the same manufacturer as the irrigation controller.
8.	Define/describe unit features/sensing features.

Moisture Sensors:
SPEC WRITER NOTES:
1.	The listing in the spec note following is only a guideline. Individual manufacturer and models will vary. The spec writer should accurately define material and operational components.
2.	Solid-state tensiometer type.
3.	Include data transmission circuitry which sends moisture level readings back to the irrigation controller using valve field wires.
4.	Entire unit encased in epoxy.
5.	Require no calibration for the life of the sensor.
6.	Unaffected by temperature, salinity or changes in pH.
7.	Accurately transmit moisture levels up to x,xxx ft.

ET Measurement Device:
SPEC WRITER NOTES:
1.	The listing in the spec note following is only a guideline. Individual manufacturer and models will vary. The spec writer should accurately define material and operational components.
2.	Powered by the field controller.
3.	Measures ET directly in 0.01 inch increments and sends pulses directly to field controller.
4.	Fully compatible with the internal interface at the field controller.
5.	Mounted inside a stainless steel, vandal-resistant enclosure specifically designed for the device.

Rain Measurement Device:
SPEC WRITER NOTES:
1.	The listing in the spec note following is only a guideline. Individual manufacturer and models will vary. The spec writer should accurately define material and operational components.
2.	Accurately measures rainfall in 0.01 inch increments by means of a tipping and emptying device mounted below the center of the collection dish.
3.	Fully compatible with the internal interface at the field controller.
4.	Operate between 0 and 52 degrees C (32 and 125 degrees F.
5.	Be constructed of anodized aluminum.
6.	The controller shall provide the following programming parameters for rain.
	a.	Stop Irrigation after x.xx inches.
	b.	Maximum Rain in One Hour is x.xx inches.
	c.	Maximum Rain in 24 Hours is x.xx inches.
	d.	Let Rain only build up to x.xx inches.

Wind Measurement Device:
SPEC WRITER NOTES:
1.	The listing in the spec note following is only a guideline. Individual manufacturer and models will vary. The spec writer should accurately define material and operational components.
2.	Powered by the field controller.
3.	Accurately measures wind in 0.1 mph increments.
4.	Fully compatible with the internal interface at the field controller.
5.	Operate between minus 50 and plus 50 degrees C (minus 58 and 122 degrees F).
6.	Be constructed of anodized aluminum.
7.	Provide wind speeds up to 140 MPH.
8.	The controller shall provide the following programming parameters for wind:
	a.	Pause Irrigation when wind is at xx MPH for xx minutes.
	b.	Resume Irrigation when wind drops to xx MPH for xx minutes.

Central Computer Software:
SPEC WRITER NOTES:
1.	The listing in the spec note following is only a guideline. Individual manufacturer and models will vary. The spec writer should accurately define material and operational components.
2.	Shall run on an IBM compatible computer with minimum of 16 MB of memory.
3.	Shall require a maximum of 300 megabytes of hard disk space for program and files.
4.	Shall function with any combination of hardwired, phone, or local radio interface.
5.	Shall allow uploading and downloading of programs and log data by controller or groups of controllers.
6.	Shall allow direct real-time access to run stations, programs, check flows and check master valve operation, and turn controllers on or off.
7.	Shall be capable of printing alerts based on operator-set data filters;	and have capability of automatically creating permanent files each time data is uploaded.
8.	Allow all program, log, summary and alert data for each controller to be selectively printed.
9.	Shall have capability of automatically uploading weather data from the weather station, and Rain Bucket and re-distributing it to all field units.
10.	Shall have the capacity to operate up to x,xxx controllers.
11.	Shall have capability of automatically retrieving water usage data monthly and writing it to text files.
12.	Have the capability of allowing the user override any changes made.
13.	Failure of the central control system or communication links to the field controllers shall not affect normal, water management operation of field controllers.

Field Controllers with Central Communication:
Manufacturer shall conduct an onsite radio test before submitting a bid to customer for any type of radio control.
SPEC WRITER NOTE: The equipment type in the following paragraph is not desired by VA, however, is attached in case of additions to existing system.

SPEC WRITER NOTES:
1.	The listing in the spec note following is only a guideline. Individual manufacturer and models will vary. The spec writer should accurately define material and operational components.
2.	When using digital radio, radio shall be an internal packet-switched digital radio modem capable of two-way communication on the Mobitex public network.
3.	When using radio, radio modem and all interface boards shall be mounted inside the controller and powered by the same 24VAC internal transformer.
4.	A vandal-resistant epoxy-filled dome antenna shall be used when using any type of radio communication.

//Automatic Control Equipment—Independent Satellite Controllers:
Overall Control Concept: The electric automatic control system shall consist of one or more independent satellite controllers which operate individual remote control valves in accordance with timing schedules programmed into the independent units. The number of units and location of the installations are shown on the drawings.
The Control System consists of an Independent controller, and all accessories necessary to operate the irrigation system. All of these components and software shall be a standard package 
Independent controller shall have the following characteristics://
SPEC WRITER NOTES:
1.	The listing in the spec note following is only a guideline. Individual manufacturer and models will vary. The spec writer should accurately define material and operational components.
2.	Multiple independent programs with multiple start times.
3.	The station watering time can be set from one (x) minute to (x) hours and in one (1) minute increments.
4.	The program shall allow for a rapid programming of a block of stations with the same watering time.
5.	The watering days for each program may be based on a seven-day week or a skip-a-day routine.
6.	The controller shall be furnished with a real time clock that retains the actual time during power outages.
7.	The controller shall be furnished with a non-volatile memory that retains the program(s) during power outages or seasonal shutdowns.
8.	The manually activated station cycle shall run a single station for a select time.
9.	The controller shall be furnished with a built-in remote control capability.
10.	The controller shall be furnished with automatic field wire fault detection, report the fault, and move to the next programmed station.
11.	The controller shall be UL approved.
12.	The controller shall be furnished with a percentage key to increase or decrease all station runtimes on a percentage basis.
13.	The controller shall the ability to select cycle and soak 

Automatic Control Equipment--Solar-Powered:
Overall Control Concept: The solar-powered automatic control system shall consist of one or more independent controllers which operate individual remote control valves in accordance with timing schedules programmed into the independent units. The number of units and location of the installations are shown on the drawings.
SPEC WRITER NOTES:
1.	The listing in the spec note following is only a guideline. Individual manufacturer and models will vary. The spec writer should accurately define material and operational components.
2.	Solar powered control systems are typically highly proprietary i.e. LEIT Control Systems, Irritrol, and Aquarius. Base specification upon performance and technical criteria avoid mentioning manufacturer by name.
3.	Define what the Control System consists of - Independent controller, Rain Sensor, Moisture Sensor, Freeze sensor, and all accessories necessary to operate the irrigation system.
4.	Shall operate between x F and x F (x C to x C)
5.	Define circuit protection from electrostatic discharge to xx,xxx volts.
6.	Define power source- powered by an internal photovoltaic module.
7.	Define output to actuators shall be digital control pulses at x.xx volts DC.
8.	Define photovoltaic module shall be protection by a Lexan polycarbonate, or other lens.

EXECUTION
[bookmark: _Toc451823720]GENERAL
If an installation is unsatisfactory to the COR, the Contractor shall correct the installation at no additional cost or time to the Government.
INSPECTIONS AND REVIEWS
Site Inspections: The contractor shall verify construction site conditions and note irregularities affecting work of this section. Report irregularities to the COR prior to beginning work.
Utility Locates ("Call Before You Dig"):
Arrange for and coordinate with local authorities the location of all underground utilities, and with cemetery maintenance personnel.
Repair any underground utilities damaged during construction. Make repairs at no additional cost to the contract price.
Irrigation System Layout Review: Irrigation system layout review will occur after the staking has been completed. Notify the COR one week in advance of review. The COR will identify and approve modifications during this review.
[bookmark: _Toc451823721]LAYOUT OF WORK
Stake locations of alley and sprinklers in existing burial sections using a licensed surveyor. Use alleys as identified on the drawings.
Stake out the irrigation system. Items staked include: irrigation mainline pipe, thrust blocks, isolation gate valve assemblies, air/vacuum relief valve assemblies, quick coupling valves, remote control valves, lateral piping, and sprinklers.
If staked irrigation components conflict with utilities or other components or site features, coordinate rerouting of components with COR.
EXCAVATION, TRENCHING AND BACKFILLING
Excavate to permit the pipes to be laid at the intended elevations and to permit workspace for installing connections and fittings.
Do not lay pipe on unstable material, in wet trench or when, in the opinion of the COR, trench or weather conditions are unsuitable for the work.
Concrete thrust block shall be installed where the irrigation main changes direction as at elbows and tees and where the irrigation main terminates. Pressure tests shall not be made for a period of 36 hours following the completion of pouring of the thrust blocks. Concrete thrust blocks for supply mains shall be sized and placed in strict accordance with the pipe manufacturer's specifications and shall be of an adequate size and so placed as to take all thrust created by the maximum internal water pressure.
Allow a minimum of 75 mm (3 inches) between parallel pipes in the same trench.
Hold pipe securely in place while joint is being made.
Do not work over, or walk on, pipe in trenches until covered by layers of earth well tamped in place to a depth of 300 mm (12 inches) over pipe.
Full length of each section of pipe shall rest upon the pipe bed with recesses excavated to accommodate bells or joints. Do not lay pipe on wood blocking.
Install sprinkler lines to avoid electric ducts, storm and sanitary sewer lines, water and gas mains, all of which have right of way.
Clean interior of pipe of foreign matter before installation. Keep pipe clean during laying operations by means of plugs or other methods. When work is not in progress, securely close open ends of pipe and fittings to prevent water, earth, or other substances from entering.
Minimum Cover:
900 mm (3 feet) over irrigation mainline pipe in landscaped areas and to bottom of road base. (distance from top of pipe to finish grade)
457 mm (18 inches) over irrigation lateral pipe to sprinklers. (distance from top of pipe to finish grade)
457 mm (18 inches) over control wire when not in common trench with mainline or lateral piping. (distance from top of control wire to finish grade) 
457 mm (18 inches) vertical separation between lateral and mainline pipe installed in a common trench.
75 mm (3 inches) minimum horizontal separation between pipes and wiring in a common trench.
Install sleeves at depth to maintain specified depth of pipe or wire routed through sleeve.
Tops of remote control valves shall never be less than 75 mm (3 inches) below lid of valve box.
Install and maintain safety fencing around all unattended excavation. Place safety signs adjacent to construction area roadway to the satisfaction of the COR.
All excavations must be backfilled by the end of each workday. Do not leave any open trenches overnight, on weekends or on holidays.
If trenching operation restricts access to a burial section, provide plywood and safety fencing across open trench to allow access to burial section. Provide access to the satisfaction of the COR.
Excavated material is generally satisfactory for backfill. Backfill will be free from rubbish, vegetable matter, frozen materials, and stones greater than 50 mm (2 inches) in maximum dimension. Remove material not suitable for backfill. Backfill placed next to pipe will be free of sharp objects that may damage the pipe.
Enclose pipe and wiring beneath roadways, walks, curbs, etc. in sleeves. Backfill sleeves in the following manner:
Backfill trench using excavated material in 150 mm to 200 mm (6 inch to 8 inch) layers. Minimum compaction of backfill for sleeves shall be a minimum 95 percent Standard Proctor Density, ASTM D698. Backfill to bottom of road base under roads or to finish grade under walks and curbs.
Backfill mainline pipe, lateral pipe and wiring in turf areas in the following manner:
Backfill the trench by depositing the backfill material equally on both sides of the pipe or wire in 150 mm (6 inch) layers and compacting to the density of surrounding soil.
Dress backfilled areas to original grade. Remove excess backfill to onsite location as directed by the COR.
Where utilities conflict with irrigation trenching and pipe work, contact the COR for trench depth adjustments.
Existing sidewalks and curbs shall not be cut during trenching and installation of pipe. Install pipe under sidewalks and curbs by jacking, auger boring, or by tunneling. Repair or replace any concrete that cracks, due to settling, during the warranty period.
Close pipe openings with caps or plugs during installation. Tightly cover and protect fixtures and equipment against dirt, water and chemical or mechanical injury. At completion of all work thoroughly clean fixtures, exposed materials and equipment.
Warning tape shall be continuously placed above sprinkler system water mains at a depth of 200 mm to 250 mm (8 inches to 10 inches).
Survey Monuments:
Protect markers during construction.
If a survey marker is disturbed during construction, the Contractor is responsible for replacing the marker. The Contractor must hire a licensed surveyor to resurvey the location of the marker and replace it in the proper location.
SLEEVING AND BORING
Furnish and install where pipe and control wires pass under walks, paving, walls, and other similar areas.
Install sleeving at a depth that permits the encased pipe or wiring to remain at the specified burial depth.
Extend sleeve ends a minimum of 300 mm (12 inches) beyond the edge of the paved surface. Cover pipe ends and mark edge of pavement with a chisel or saw.
Verify that sleeve sizing is adequate prior to installation. Sleeving to be twice line size or greater to accommodate retrieval for repair of wiring or piping and shall extend 300 mm (12 inches) beyond edges of paving or construction. Cover pipe ends and mark edge of pavement with a chisel or saw. Note that sleeves required for pipe with restrained casing spacers are larger than twice the diameter of the pipe.
Bed sleeves with a minimum of 100 mm (4 inches) of sand and extend sand backfill to top of pipe.
ASSEMBLING PIPE AND FITTINGS
General:
Keep pipe free from dirt and pipe scale. Cut pipe ends square and debur. Clean pipe ends.
Keep ends of assembled pipe capped. Remove caps only when necessary to continue assembly.
Trenches may be curved to change direction or avoid obstructions within the limits of the curvature of the pipe. Minimum radius of curvature and offset per 6 meters (20 foot) length of mainline and lateral pipe by pipe size are shown in the following table. All curvature results from the bending of the pipe lengths. No deflection will be allowed at a pipe joint.
	SIZE
	RADIUS
	OFFSET PER 6 m (20') LENGTH

	38 mm
(1-1/2")
	7.5 m
(25')
	2.3 m
(7'-8")

	50 mm
(2")
	7.5 m
(25')
	2.3 m
(7'-8")

	63 mm
(2-1/2")
	30 m
(100')
	575 mm
(1'-11")

	75 mm
(3")
	30 m
(100')
	575 mm
(1'-11")

	100 mm
(4")
	30 m
(100')
	575 mm
(1'-11")

	150 mm
(6")
	45 m
(150')
	400 mm
(1'-4")

	200 mm 
(8")
	60 m
(200')
	300 mm
(1'-0")

	250 mm
(10")
	75 m
(250’)
	225 mm
(9”)

	300 mm
(12”)
	90 m
(300’)
	200 mm
(8”)



Mainline Pipe and Fittings:
PVC Plastic Pipe:
Installation: AWWA C605.
Joints:
Elastomeric Gasket: ASTM F477.
Immediately before joining two lengths of PVC pipe, the inside of the bell or coupling, the outside of the spigot and the elastomeric gasket shall be thoroughly cleaned to remove all foreign material.
Lubrication of the joint and rubber gasket shall be done in accordance with the pipe manufacturer's specifications.
Care shall be taken that only the correct elastomeric gasket, compatible with the annular groove of the bell, is used. Insertion of the elastomeric gasket in the annular groove of the bell or coupling shall be in accordance with the manufacturer's recommendations. Pipe that is not furnished with a depth mark shall be marked before assembly to assure that the spigot end is inserted to the full depth of the joint.
The spigot and bell or coupling shall be aligned and pushed until the reference line on the spigot is flush with the end of the bell or coupling. Pushing shall be done in a smooth, steady motion.
Ductile Iron Pipe:
Installation: AWWA C600.
Joints:
Mechanical: AWWA C111. Provide sufficient quantities of bolts, nuts, glands and gaskets for each socket opening on pipe and fittings.
Push-on: AWWA C111. Apply thin film of lubricant to gasket and place in proper position in contour of bell. Insert beveled end of joining pipe and make contact with gasket. Force beveled end of pipe to bottom of bell without displacing gasket. Do not caulk. Use only lubricant furnished by manufacturer of pipe.
Flanges: AWWA C111 for installation. Install only in concrete pits. Make watertight and set not less than 150 mm (6 inches) from walls or floor.
HDPE Pipe:
Installation: ASTM D2774.
Joints: Jointing shall comply with ASTM 2657, Technique I – Socket Fusion or Technique II – Butt Fusion.
Lateral Pipe and Fittings:
PVC Solvent Weld Pipe:
Use primer and solvent cement. Join pipe in manner recommended by manufacturer and in accordance with accepted industry practices.
Cure for 30 minutes before handling and 24 hours before pressurizing or installing with vibratory plow.
In irrigation aisles, coordinate with the location of the monuments to avoid conflicts.
Fittings: The use of cross type fittings is prohibited.
Emitter hose:
Use Type 1/11 solvent weld.
Bushing for adaptation from PVC Schedule 40 fittings to flex-vinyl hose shall be line size by 10 mm (3/8 inch) insert bushings.
Specialized Pipe and Fittings:
Mechanical joint connections: Install fittings, fasteners and gaskets in manner recommended by manufacturer and in accordance with accepted industry practices.
PVC Threaded Connections:
Use only factory-formed threads. Field-cut threads are prohibited.
Apply thread sealant in manner recommended by component, pipe and sealant manufacturers and in accordance with accepted industry practices.
Use plastic components with male threads and metal components with female threads where connection is plastic-to-metal.
Thrust Blocks:
Use cast-in-place concrete bearing against undisturbed soil.
Size, orientation and placement will be as shown on the installation details.
Wrap fitting with plastic to protect bolts, joint, and fitting from concrete.
Install rebar with mastic coating as shown on the installation details.
Joint Restraint Harness:
Install harness in the manner recommended by the manufacturer and in accordance with accepted industry practices.
Use restrained casing spacers for gasketed pipe routed through sleeving. Install self-restraining casing spacers at all gasketed pipe bell joints and every 3 meters (10 feet) along the gasketed mainline pipe installed through sleeving. Provide correct number and type of restraints per manufacturer’s requirements.
SPEC WRITER NOTES:
1.	Modify the following paragraph to correspond to the indicated valve installations. Main irrigation line valves, 150 mm (6 inches) or greater could be located in the roadways, refer to the Facilities Design Guide for details.
2.	Modify to indicate the minimum depth for irrigation main lines where located beneath the roads, pavement or walks.

INSTALLATION OF MAINLINE COMPONENTS
Setting of Valves:
No valves shall be set under roads, pavement or walks.
Clean interior of valves of foreign matter before installation.
Where pressure control valves are installed adjacent to remote control valve, they shall be housed in the same valve box.
Set valve box cover flush with finished grade.
Install as indicated in the installation details, per manufacturer’s instructions.
Install where indicated on the irrigation plans.
Brand or cast “GV” in 50 mm (2 inch) high letters, 5 mm (3/16 inch) deep into valve box lid.
Air/Vacuum Relief Valve Assembly:
As presented in the installation details, per manufacturer’s instructions.
Install where indicated in the irrigation plans.
Brand “AV” in 50 mm (2 inch) high letters, 5 mm (3/16 inch) deep into valve box lid.
Quick Coupling Valve Assembly:
As presented in the installation details, per manufacturer’s instructions.
Install where indicated in the irrigation plans.
Brand “QC” in 50 mm (2 inch) high letters, 5 mm (3/16 inch) deep into valve box lid.
Flower Watering Station Hydrant Connection Assembly:
As presented in the installation details, per manufacturer’s instructions.
Sequence of construction:
Coordinate exact location with COR.
Components are to be installed before concrete pad. Coordinate installation with concrete contractor.
Location:
Stations will be installed at locations indicated on drawings, centered between adjacent sprinkler locations.
Route adjacent piping around stations. No mainline or lateral pipe is to be installed under Flower Watering Stations.
Paint “FW” in 50 mm (2 inch) high letters on valve box lid.
INSTALLATION OF SPRINKLER IRRIGATION COMPONENTS AND QUICK COUPLERS
Remote Control Valve Assembly:
Mainline Flushing:
Thoroughly flush mainline before installation of Remote Control Valve Assemblies.
Identify remote control valve service tee(s) to be used for mainline flushing. Plug service tees not being used for flushing.
Connect 50 mm (2 inch) pipe to flushing service tee(s). Use pipe to direct water away from trench and into drainage swale, curb section or storm sewer, i.e. to an area that will direct the water away from the work area. Direct water so that it does not disrupt the cemetery operations.
Use a volume of water such that the velocity in the largest pipe flushing to this point is 0.9 m/s (3 f/s).
Multiple points may be flushed simultaneously.
Flush for a minimum of 20 minutes. Continue flushing until the water is clear of any and all debris.
The COR will review the flushing operation and clarity of water before stopping the flushing operation.
Disconnect pipe from service tee(s) and install remote control valve(s).
Install per manufacturer's recommendations where indicated on the drawings.
Adjust valve to regulate the downstream operating pressure to 480 kPa (70 psig) for rotor sprinklers, 310 kPa (45 psig) for rotating stream nozzles and 240 kPa (35 psig) for spray sprinklers.
Wire connectors and waterproof sealant will be used to connect control wires to solenoid wires. Install connectors and sealant per the manufacturer's recommendations.
Install only one remote control valve to a valve box. Locate valve box 1.5 m (5 feet) from and align square with nearby edges of paved areas.
Attach ID tag with controller station number to control wiring at solenoid.
Brand controller and station number in 50 mm (2 inch) high letters, 5 mm (3/16 inch) deep into valve box lid.
Pop-Up Gear-Driven Rotary Sprinkler Assembly:
Thoroughly flush lateral pipe before installing sprinkler assembly. Water must be clear of any debris before flushing operation stops.
Install per the installation details at locations shown on the drawings.
SPEC WRITER NOTE: Adjust the following based upon the conditions for the project.

Locate rotary sprinklers //75 mm (3 inches)// //150 mm (6 inches)// from adjacent edges of paved areas, walls or fences.
Install sprinklers perpendicular to the finish grade.
Install swing joint with the appropriate angle between the lateral pipe and the lay length nipple per the installation details.
Supply appropriate nozzle or adjust arc of coverage of each sprinkler for best performance.
Adjust the radius of throw of each sprinkler for best performance.
Install 600 mm (2 foot) square piece of sod around all rotary sprinklers in areas to be seeded.
Pop-Up Spray Sprinkler Assembly:
Thoroughly flush lateral pipe before installing sprinkler assembly. Water must be clear of any debris before flushing operation stops.
Install per the installation details at locations shown on the drawings.
SPEC WRITER NOTE: Adjust the following based upon the conditions for the project.

Locate rotary sprinklers //75 mm (3 inches)// //150 mm (6 inches)// from adjacent edges of paved areas, walls or fences.
Install sprinklers perpendicular to the finish grade.
Install swing joint with the appropriate angle between the lateral pipe and the lay length nipple per the installation details.
Supply appropriate nozzle or adjust arc of coverage of each sprinkler for best performance.
Adjust the radius of throw of each sprinkler for best performance.
Sprinkler Heads and Quick Couplers:
Shall be placed on temporary nipples extending at least 75 mm (3 inches) above finished grade. After turf is established, remove temporary nipples, ensuring that no dirt or foreign matter enters outlet, and install sprinkler heads and quick couplers at ground surface as detailed.
Place part-circle rotary sprinkler heads no more than 150 mm (6 inches) from edge, of and flush with top of adjacent walks, header boards, curbs, and mowing aprons, or paved areas at time of installation.
Install all shrub sprays, sprinklers and quick couplers on swing joints as detailed on plans.
Set shrub heads 200 mm (8 inches) above grade and 300 mm (12 inches) from edge of curb or pavement. Place adjacent to walls. Stake heads prior to backfilling trenches. Stakes to be parallel to riser.
Install sprinklers and quick coupling valves on a swing joint assembly.
INSTALLATION OF CONTROL SYSTEM COMPONENTS 
Control Units:
Install control units at location(s) shown in the drawings.
Install electrical connections per control system manufacturer's recommendations and as shown in the drawings.
SPEC WRITER NOTE: Modify the following paragraph to coordinate with the grounding requirements for other than lightning protection where specific resistance values are required for the grounding system. Follow manufacturer’s recommendations regarding lightning protection.

Lightning protection: Drive grounding rod(s) into soil its full length. Furnish and install grounding plate(s) as indicated or as required to create the grounding connection with the field tested resistance value equal to or lower than the specified values identified in this specification. Connect 4 mm diameter (#6 AWG) copper grounding wire to rod and plate using CADWELD style connections. Brand “GR” in 50 mm (2 inch) high letters, 5 mm (3/16 inch) deep into valve box lid.
Attach wire markers to the ends of control wires inside the controller unit housing. Label wires with the identification number (see drawings) of the remote control valve to which the control wire is connected.
Connect control wire to the corresponding control unit terminal.
Install permanent receiver for hand held radio if not factory installed.
Install rain sensor and complete electrical connections to control unit per manufacturer’s recommendations.
Power Wire:
Route power wire as directed on plans. Install with a minimum number of field splices. If a power wire must be spliced, make splice with recommended connector, installed per manufacturer's recommendations. Locate all splices in a separate 300 mm (12 inch) standard valve box. Coil 600 mm (2 feet) of wire in valve box. Brand “WS” in 50 mm (2 inch) high letters, 5 mm (3/16 inch) deep into valve box lid.
All power wire shall be laid in trenches. The use of a vibratory plow is prohibited.
Green wire shall be used as the common ground wire from power source to all satellites. White shall be the common (neutral) wire. All wiring is to be NEC Code compliant.
Carefully backfill around power wire to avoid damage to wire insulation or wire connectors.
Unless noted on plans, install wire parallel with and below mainline pipe. Install wire a minimum 50 mm (2 inches) below top of PVC mainline pipe.
Encase wire not installed with PVC mainline pipe in electrical conduit with a continuous run of warning tape placed in the backfill, 200 mm to 250 mm (8 inches to 10 inches) below the ground surface, directly over the wiring.
Surface mount wire installed above grade in a professional manner with routing approved by the Contracting Officer.
Connect wire to power source.
Control Wire:
Bundle control wires where two or more are in the same trench. Bundle with pipe wrapping tape spaced at 3 m (10 foot) intervals.
Control wiring may be chiseled into the soil utilizing a vibratory plow device specifically manufactured for pipe pulling and wire installation. Appropriate chisel must be used so that wire is fed into a chute on the chisel, and wire is not subject to pulling tension. Minimum burial depth must equal minimum cover previously listed.
Provide a 600 mm (24 inch) excess length of wire in an 200 mm (8 inch) diameter loop at each 90 degree change of direction, at both ends of sleeves, and at 30 m (100 foot) intervals along continuous runs of wiring. Do not tie wiring loop. Coil 600 mm (24 inch) length of wire within each remote control valve box.
Install common ground wire and one control wire for each remote control valve. Multiple valves on a single control wire are prohibited.
Install spare control and common wires as directed on plans.
If a control wire must be spliced, make splice with wire connectors and waterproof sealant, installed per the manufacturer's instructions. Locate splice in turf areas using a valve box that contains an irrigation valve assembly, or in a separate valve box. Use same procedure for connection to valves as for in-line splices. If a separate valve box is used for wire splices, brand “WS” in 50 mm (2 inch) high letters, 5 mm (3/16 inch) deep into valve box lid.
Unless noted on plans, install wire parallel with and below mainline pipe.
Protect wire not installed with PVC mainline pipe with a continuous run of warning tape placed in the backfill 150 mm (6 inches) above the wiring.
Cap all exposed wire ends with wire nuts.
Wiring from master controllers to satellites and stub-cuts for future extension shall be located in trench with new mains or in separate trench at back of curb, unless cross-country route is shown. Locate in trench with mains when possible on cross-country routes.
Wiring bundles located with piping shall be set with top of the bundle below top of the pipe. No two wires in any bundle shall be of the same color. Wires shall be bundled, and tied or taped at 4.5 m (15 foot) intervals. A numbered tag shall be provided at each end of a wire, i.e., at valve, at field located controllers and at master controller. The number at each end of wire to be the same.
Splicing shall be held to a minimum. A pullbox shall be provided at each splice. No splices will be allowed between field located controllers and remote control valves.
Provide 300 mm (12 inch) expansion loops in wiring at each wire connection or change in wire direction. Provide 600 mm (24 inch) loop at remote control valves.
Power wiring for the operation of irrigation system shall not be run in same conduit as control wiring.
Instrumentation:
Install per manufacturer’s recommendations at location indicated on drawings.
Provide electrical connections between central control system hardware and weather station under direction and observation of central control system manufacturer’s personnel.
TRACER WIRE INSTALLATION
Tracer wire shall be installed on bottom of trench, adjacent to vertical pipe projections, carefully installed to avoid stress from backfilling, and shall be continuous throughout length of pipe with spliced joints soldered and covered with insulation type tape.
Tracer wire shall follow main line pipe and branch lines and terminate in yard box with gate valve controlling these main irrigation lines. Provide sufficient length of wire to reach finish grade, bend back end of wire to make a loop and attach a Dymo-Tape type plastic label with designation "Tracer Wire".
Record locations of tracer wires and their terminations on project record documents.
INSTALLATION OF OTHER COMPONENTS
Tools and Spare Parts: Prior to the Review at completion of construction, provide operating keys, servicing tools, spare parts, and any other items indicated on the drawings.
Other Materials: Install other materials or equipment shown on the drawings or installation details that are part of the irrigation system, even though such items may not have been referenced in these specifications.
TEST AND FLUSHING 
Test irrigation system per procedures listed in Part 1 paragraph “TESTING”.
Flushing: After testing, flush system per procedures listed in Part 3 paragraph “INSTALLATION OF SPRINKLER IRRIGATION COMPOENTS AND QUICK COUPLERS” beginning with larger mains and continuing through smaller mains in sequence. Flush lines before installing sprinkler heads and quick couplers.
Operation Test: Upon completion of the final adjustment of the sprinkler heads to permanent level at ground surface, test each sprinkler section by the pan test and visual test to indicate a uniform distribution within any one sprinkler head area and over the entire area. Operate the entire installation to demonstrate the complete and successful operation of all equipment.
MAINTENANCE AND OPERATION INSTRUCTIONS
SPEC WRITER NOTE: Modify the following paragraph to fully describe the requirements specific to this project. Add, modify, or delete items to be provided according to the site specific project. The results should be a clear requirement for a fully annotated, tabbed and indexed manual describing normal operations, troubleshooting, and emergency procedures, as well as start-up and shut-down procedures.

Maintenance and Operating Instructions: Provide two additional years of software support for one hour each month. Provide Maintenance and Operating Instructions for the provided irrigation system in the form of manual(s) as follows:
Unless otherwise noted, provide irrigation operation and maintenance information in a 3-ring binder with table of contents and index sheet. Provide sections that are indexed and labeled. Provide the following information:
Catalog cut sheets for control system, valves, sprinklers, pipe and fittings, wire and wire connectors, ID tags, shop drawings, and all other irrigation equipment shown or described on the drawings and within these specifications.
Manufacturer’s Operation and Maintenance manuals.
Manufacturer’s Technical Service Bulletins.
Manufacturer’s Warranty Documentation.
Software License Information.
Recommended routine maintenance inspections for weekly, monthly and annual inspections and recommended actions for the inspections and a recommended method for recording the findings of the inspections.
Predictive schedule for component replacement.
Listing of technical support contacts.
Operation and maintenance submittal package must be complete prior to being reviewed by the COR. Incomplete submittals will be returned without review.
SPEC WRITER NOTES:
1.	Adjust the following depending upon the control system provided and the computer equipment available at this facility.
2.	Coordinate the following with the Project Manager before including in the specifications. If included modify to make clear exactly what is to be provided.

Provide video taping of the training for the equipment provided for the project. Training shall be produced on DVD or CD, whichever is compatible with the computer system provided for the central computer, where applicable. Training shall be suitable for refresher by the previously trained employees, or for use by new employees to learn the system equipment. Coordinate the final training presentation with the COR in outline form prior to creation, to ensure that the format and organization of the content is applicable for the facility staff utilization.
WINTERIZATION AND SPRING START-UP
Winterize the new irrigation system in accordance with local practices in the first fall after completion of construction of the irrigation system and start up in the spring after completion of construction. Repair any damage caused in improper winterization at no additional cost to the Owner. Coordinate the winterization and start-up with the cemetery landscape maintenance personnel.
STARTUP, TESTING, OPERATIONAL PERFORMANCE, AND ACCEPTANCE
Make tests as recommended by product manufacturer and listed standards and under actual or simulated operating conditions and prove full compliance with design and specified requirements. Tests of the various items of equipment shall be performed simultaneously with the system of which each item is an integral part.
When any defects are detected, correct defects and repeat test at no additional cost or time to the Government.
//The Commissioning Agent will observe startup and contractor testing of selected equipment. Coordinate the startup and contractor testing schedules with the COR and Commissioning Agent. Provide a minimum notice of 10 working days prior to startup and testing.//
Provide the testing as indicated in previous sections of the specifications.
Acceptance shall be predicated upon a successful demonstration of the operation of the systems, as described, or demonstrating a fully functional system in automatic operation for a period of 7 days, whichever is more stringent.
//COMMISSIONING
Provide commissioning documentation in accordance with the requirements of Section 01 91 00, GENERAL COMMISSIONING REQUIREMENTS.
Components provided under this section of the specification will be tested as part of a larger system.//
DEMONSTRATION AND TRAINING
SPEC WRITER NOTE: Adjust verbal instructional hours in following paragraph to suit the installation. Cemetery equals 16 hours, minimum.

Provide services of manufacturer’s technical representative for //four// //   // hour//s// to instruct each VA personnel responsible in the operation and maintenance of units.
//Submit training plans and instructor qualifications in accordance with the requirements of Section 01 91 00, GENERAL COMMISSIONING REQUIREMENTS.//
MAINTENANCE
Operate and maintain the irrigation system for a duration of 30 calendar days after Final Inspection. Make periodic examinations and adjustments to irrigation system components.
SPEC WRITER NOTES:
1.	Modify the following according to the system installed at the specific project and adjust the designation for the equipment to match that submitted and approved for installation.
2.	Adjust the list to include spare of all of the modular electronic equipment for the field satellites, if applicable, and provide at least two spare radio card assemblies for that type of system, if applicable.
3.	Add any other equipment that should reasonably be included in the spare parts inventory for the irrigation equipment and systems installed for the project.

SPARE PARTS
Upon completion of the work furnish the Owner the following for his maintenance stock.
10 - 570C - 6p sprinklers
5 – 570C – 12p sprinklers
5 – FB – 100 – pc Flood Bubbler Nozzles
2 – 300 – 03 Shrub Sprinkler Bodies
2 – wp300 – Shrub Sprinkler Bodies
15 m (50’) – funny pipe
1 – 252 – 06 – 06 38 mm (1-1/2 inch) valve
5 – Super 700 Rotary Heads
CLEANUP
Upon completion of work, remove from site all machinery, tools, excess materials, and rubbish. Restore site to normal or original condition.
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