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Chapter 14. Irrigation 


CHAPTER 14.  Irrigation

14.1 
General
14.1.1
Successful irrigation system design and construction consists of providing an assembled and installed sprinkler system which will operate in an efficient and satisfactory manner, encouraging good water management, uniformly irrigating all designated areas and proving satisfactory to the owner.
14.1.2
New systems
.1
Obtain or prepare a scaled design of the proposed irrigation system.

.2
Supply and install the components required to provide a properly operating, irrigation system to efficiently irrigate the applicable landscape.

14.1.3
Existing Systems

.1
Locations of points of joining between the removal work, shut-off valves and existing system shall be recorded on the as-built drawing.

.2
All sprinkler heads, valves and equipment within the limits of the work shall be salvaged where possible.

.3
Piping shall not be abandoned in place.

14.1.4
Quality Assurance
.1
A qualified irrigation designer shall design the system for the efficient and uniform distribution of water.
.2
All irrigation work shall be done by a suitably experienced and qualified irrigation contractor, having trained, competent and proficient personnel.

.3
The contractor shall ensure compliance with all relevant codes municipal rules and regulations relating to any portion of the work, in the design and during the installation phase.

.4
The contractor shall obtain all the required permits and licenses applicable for the work to be performed.

.5
The landscape architect, irrigation designer or representative shall perform at least three site reviews during the system installation, during initial layout, at 50 per cent completion and at final acceptance, to check for adherence to the design specifications.

.6
The contractor shall thoroughly test the completed system to verify that the system operates according to the design criteria.

.7
A final site review shall be conducted within a reasonable time period following the installation and completion of the system. The review shall check the performance of the system for conformance with local requirements and design intent. 

14.1.5
Guarantee or Warranty

.1
It shall be the Contractor’s responsibility to insure and guarantee complete balanced coverage of the areas shown on the drawings to be irrigated, without excessive overthrow.  Plant and turf areas should be watered separately where possible to meet their specific water requirements.

.2
The Contractor shall also guarantee the satisfactory operation of the entire system and the workmanship and restoration of the work area.

.3
The entire system shall be guaranteed to be complete and efficient in every detail for a minimum period of one year from the date of its acceptance and will include initial start-up and end-of-season shutdown of the system.

14.1.6
Submittals 

.1
A suitably scaled as built drawing shall be provided.

.2
All components of the irrigation system shall be shown as installed.  The dimensional locations of the following should be indicated: 

.1
all valves

.2
main and distribution lines

.3
plugged tees

.4
routing of control wires

.5
controller and its circuit breaker

.6
main water connection

.7
blow out connection

.8
pump and its connections

.9
back flow prevention assembly

.10
flow and rain sensors

.11
electrical conduits

.12
sleeves

.13
and any other similar features

.3
The Owner shall be provided with clear instructions and printed material pertaining to the operation, scheduling and maintenance for the system.

14.1.7
Site Conditions
.1
Verify and mark the location of all site elements, utilities, existing mechanical, paving and other similar conditions which may affect the installation or operation of the irrigation system.   Removal of buried debris, which impedes the proper installation of the irrigation system as designed, will be the responsibility of the Owner.
.2
The contractor shall report to the Owner or the consultant, any deviations or adjustments between drawings, specifications and the site.  Any changes are to be made, in accordance with the appropriate provision once a change has been approved.  (See Alternate Materials)

.3
Protect from damage as necessary all existing structures, buildings, equipment, materials, utility installations, work in progress and the work of other trades.

.4
Ensure that sequencing of work is coordinated with other trades.  

14.1.8
Alternate materials 

.1
No substitutions will be permitted which the Owner has not approved in writing.  Sufficient descriptive literature or samples must be furnished for any materials submitted as “equal” substitutes.  
.2
Alternate materials must be, and remain compatible with the original materials, in performance and other characteristics so as not to compromise the intent of the design.

.3
Alternate materials shall be installed according to manufacturer’s recommendations.

14.2 
Design

14.2.1
The system design must consider:

.1
water conservation

.2
durability

.3
efficiency and uniform distribution of the water

.4
safety issues

.5
aesthetic issues

.6
site-specific requirements:

.1
soil type

.2
slope

.3
root depth

.4
plant materials

.5
microclimates

.6
weather conditions

.7
water source

.8
plants watered separately from turf

.9
sun and shade areas watered separately

.10
time of day to operate irrigation system

.11
site usage (i.e. commercial vs. sports area vs. residential use)
14.2.2
To ensure that the irrigation system will meet the above criteria, the irrigation designer shall:

.1
Obtain direct knowledge of site conditions to generate a design.

.2
Meet all applicable local codes including plumbing and electrical.

.3
Specify manufacturer, model, type, and size of all components to eliminate uncertainty at construction and facilitate management of the system. 

.4
The selection of pipe, electrical wire and other materials shall be based on environmental conditions and irrigation system design principles

14.2.3
Follow the recommendations of the flow rate guidelines:

.1
The maximum allowable pressure loss through the meter shall be less than 10% of the static pressure at the meter.

.2
The maximum flow rate through the meter shall not exceed 75% of the maximum safe flow rate through the meter.

.3
Select pipe sizes so that the velocity of water moving through the irrigation pipe does not exceed the industry guideline of 1.52 metres per second.

.4
Selected components will strive to keep the sprinkler precipitation rate below the infiltration rate of the soil.

.5
The pressure variation within each zone from the first to the last head must not exceed fifteen (15%) percent.

14.2.4
Sprinklers 

.1
All sprinklers must be suitably adjustable and located in order to keep the water within the target area and minimize overthrow.

.2
Sports fields and public parks sprinklers shall be equipped with rubber covers in turf areas.

.3
All heads of a particular type and function in the system and each station shall be of the same manufacturer and shall be marked with the manufacturer ’s name and identification, in such a location that they can be identified without being removed from the system.

14.2.5
Pipe
.1
Selection of the strength and flexibility of the pipe material and its installation criteria must be considered for site-specific requirements.

.2
Polyethylene piping under continuous pressure or larger than 3.175 cm shall be double clamped.

14.2.6
Zoning (Stations)
.1
All sprinklers grouped into a zone shall have matched precipitation rates.

.2
Areas of the landscape that have different water requirements should be identified and a determination made whether separate zoning is required. 

14.2.7
Controllers

.1
Controllers must be C.S.A. approved and allow for optimum operation of the designed system.

.2
Rain shut-off devices are required for all systems.

.3
Rain sensors or other water management devices are recommended. 

14.2.8
Winterizing 
.1
All irrigation systems located in freezing climates must be drained to avoid damage. This may be accomplished by:

.1
Grading all piping to designated low points, with drain valves installed in valve boxes having a gravel drainage sump.

.2
The installation of the required adaptor to the irrigation mainline such that an air compressor maybe utilized.  Air compressors to be 125 cfm for residential systems, 185 to 250 cfm for commercial systems and over 300 cfm for golf course applications, or as required.

14.2.9
Backflow Prevention

.1
When the water supply is from a potable water service, an approved backflow prevention device must be installed at the source, in accordance with the local plumbing code.

14.2.10
Lightning and Surge Protection
.1
For large open field sites where the controllers are mounted outdoors, the contractor shall install lightning surge arrestors and ground rods to the manufacturer ’s and local electrical codes specifications on the satellite controllers. 

14.3
 Materials

14.3.1
General
.1
All materials used in the system shall be new, without flaws or defects of any type and shall be the best of their class and type.

.2
All material shall have a minimum guarantee of one year against material defects or defective workmanship.

.3
All materials and equipment shall be installed in an organized manner following the manufacturers recommendations.  

.4
All pipes shall be handled in accordance with the manufacturer ’s recommendations on loading, unloading and storage.

.5
See Pipe Guidelines, Schedule 14-S1.

14.3.2
Controllers
.1
All controllers shall be C.S.A. or Ontario Hydro approved for use in the mounting location selected.  

.2
Controller shall be grounded as per the uniform building codes and the controller installation detail.

.3
The minimum features the unit should offer are:

.1
The controller shall have independently programmable run time for each station. It shall have a minimum of three start times per day schedule. The controller programming shall be capable of a 7-day weekly, interval day or odd/even day schedule.

.2
Rainy weather shutdown mode as well as an automatic device to be fitted to prevent watering during or just after a rain fall.

.3
The irrigation system controller shall be a microprocessor based/micro electronics solid state type, capable of fully automatic or manual operation of the system or controlled by a central computer.

.4
Controller station operation shall be sequential, or as per the most efficient watering method for each station.

.5
The controller shall have a factory preset backup program for standby operation in the event of program loss and a rechargeable battery backup to maintain program during power loss.

.6
The controller shall have a seasonal global adjustment in a minimum of 10% increments + or – to allow for the schedule to be reset without altering the original program yet adapting to seasonal weather requirements.

. 4
A site map and schedule, providing information about the sequencing of the system, shall be posted inside the control cabinet. 

14.3.3
Outdoor Control Enclosure
.1
All automatic sprinkler controllers installed on the outside of a building shall be mounted within a CSA approved vandal resistant enclosure.

.2
The outdoor automatic controller enclosure shall be of appropriate size to adequately house the specified controller and all required central control equipment. 

14.3.4
Wire 

.1
All wire shall be sized and specified as shown in the design and as per irrigation design guidelines.

.2
All power wires, wiring and its associated components shall conform to local codes. 

.3
White wire shall only and always be used as the common wire; and other coloured wires for the power wire.
.4
All connectors shall be C.S.A. approved for watertight application and installed according to the manufacturer recommendations.

14.3.5
Tracer Wire
.1
On large piping systems, where directed, tracer wire shall be covered by a detectable underground utility marking tape with a minimum overall thickness of 4.85 millimetres and blue in colour.


14.3.6
Backflow Prevention Devices
.1
All devices used must be C.S.A. approved for the application and must meet or exceed the local plumbing requirements and the manufacturer ’s recommendations.

14.3.7
Pipe- Polyethylene

.1
All pipe shall be in new condition, extruded from virgin materials and free from visible cracks, dents, hole or foreign materials and permanently marked with the manufacturers name, material, size, and pressure rating, nominal pipe size, schedule or class, pressure rating and date of extrusion.
.2
All pipe must be a series rated for a pressure equal to or greater than the maximum water pressure to be encountered in the irrigation system.

.3
All polyethylene pipe connections shall use stainless steel clamps. 

14.3.8
Pipe- Poly Vinyl Chloride (PVC)

.1
All pipe shall be in new condition, extruded from virgin materials and free from visible cracks, dents, hole or foreign materials and permanently marked with the manufacturers name, material, size, and pressure rating of a minimum 160 psi, nominal pipe size, schedule or class, pressure rating and date of extrusion.
.2
All plastic pipe fittings to be installed should be schedule 40 molded fittings manufactured from the same material as the pipe and shall be suitable for solvent weld, slip joint ring tight seal, or screwed connections.

14.3.9
Fittings

.1
All fittings shall be injection molded of an approved P.V.C. compound featuring high tensile and impact strength and chemical resistance.

.2
Where threads are required in plastic fittings, these shall also be injection molded and suitable for solvent welding or threaded connections.
.3
Fittings for Polyethylene pipe may be compression style or insert fittings with strength at least equal to the pipe used, complete with stainless steel clamps.  Fittings used shall be of a type recommended by the pipe manufacturer.

.4
All threaded connections shall be Teflon taped.

.5
Nipples shall be Schedule 80 with molded threads.

.6
All P.V.C. slip fittings shall be minimally Schedule 40 P.V.C.

14.3.10
Thrust Blocks
.1
Thrust blocking shall be used on all irrigation mainlines 7.5 cm diameter and larger or as per accepted irrigation industry guidelines.

.2
All changes in pipe direction must be thrust blocked according to manufacturer ’s recommendations.

14.3.11
Valve Boxes
.1
All valve boxes shall be in new condition of the size and type as shown in the design or an approved equal.

.2
All manual and automatic valves shall be enclosed in proper irrigation high impact plastic valve boxes of a size as required to permit for service purposes. 

.3
All valve access boxes shall be installed on a suitable base of gravel for proper foundation and proper drainage of the box.  Unless otherwise specified, all valve access boxes shall be provided with proper length and size extensions, to bring the valve boxes level with the finished grade.

.4
Valve boxes should be aligned at right angles to adjacent hardscaping whenever possible.  Where several valve boxes are located in the same area, arrangement should be in a uniform and orderly fashion, with a minimum 25-cm allowance between valves and boxes.

14.3.12
Sleeving

.1
Sleeving material shall be series minimum 1220-160 P.V,C. -160 psi plastic pipe unless otherwise specified. 

.2
Sleeving shall be twice the size of the pipe being protected.

.3
Providing the sleeves are buried with selected fill to the minimum depths described in Table 14-1.

.4
Separate sleeves must be provided for all electrical wiring.

14.3.13
Pumps

.1
Wiring of the pump and all related electrical switch gear shall comply with the local electrical codes, including the installation of a disconnect within 1.5 metres of the pump control box.

.2
The electrical disconnect shall be mounted in such a fashion as to permit operation without reaching over the pump motor.

14.4
 Installation 

14.4.1
General

.1
Prior to beginning installation, the contractor shall contact all appropriate utility companies to locate all underground utilities.  The contractor shall not begin installation until all such utilities are located and clearly marked.

.2
Prior to installation, the exact location of all components shall be coordinated with planting locations to avoid conflict and damage during the course of the work.

.3
All sprinkler locations are to be staked and grades checked for all components. Adjustments to the design should be as necessary to suit the existing site conditions and grade before proceeding with the work.  

.4
Where changes from the design are required the as-built shall reflect such changes.  

14.4.2
Pipe

.1
Each pipe shall be inspected prior to installation with the removal of any dimpled or damaged sections.

.2
Pipe shall be laid in a straight line between fittings. Where required, tracer wire shall be placed on top of all distribution mains and pipe under constant pressure.

.3
All lines shall have a minimum clearance of 10 cm from each other and 25 cm from lines of other trades.

.4
Irrigation piping shall not occupy same trench with piping or conduits of any other utility or service.

.5
Parallel lines are not to be installed directly over one another.

.6
When two pipes are to be placed in the same trench provide not less than 12 cm space between pipes. 

.7
All solvent welding is to be done in compliance with the manufacturer’s recommendation solvents and methods as recommended except where threaded connections are utilized. The solvent weld joints should be made according to Schedule 14-S2.
.8
Plastic pipe shall be installed in a manner so as to provide for expansion and contraction as recommended by the manufacturers, along with the installation of concrete thrust blocks where the pipe changes direction.
14.4.3
Valves and Valve Boxes

.1
All valves shall be installed parallel to grade with flow control handles facing upwards and centered in the box. 

.2
All valve boxes shall be installed with adequate clearance above the pipe and be supported on a type of gravel material base to support the weight of expected traffic so as not to contact the pipe with settlement or upon being depressed. 

.3
Minimum valve box size recommendations are:

	10 inch round
	One 37 mm or Two 25 mm valves

	Normal rectangular
	Two 37 mm or Three 25 mm valves

	Jumbo rectangular
	Three 37 mm or Four 25 mm valves


14.4.4
Sprinklers
.1
All pop-up sprinklers with an inlet of one inch (1”) (25mm) or larger, shall be connected to the pipe by an adjustable swing pipe/joint assembly that is sized to meet the flow requirements of the sprinkler and relative to grade as per the manufacturer's recommendations.

.2
All sprinkler heads and turf valves shall be set perpendicular to finished grades and not higher than any adjoining hard surface from which there must be at least a 5 cm separation to allow for edging unless otherwise designated on the drawings or as specified. 
14.4.5
Wire

.1
All wiring shall be installed to meet local electrical codes.

.2
Sizing of wire shall be in accordance with manufacturer's recommendations.

.3
All wiring shall be protected by being bundled and taped at 3 metre intervals and installed beneath the irrigation piping or in an appropriately sized conduit. 
.4
All wire splices shall be contained in a valve box.

.5
Extra wire shall be neatly coiled and left in each valve box such that the splice may be lifted 30cm above grade. 

.6
White wire shall only be used as the common wire and other colours used shall be consistent from valve to controller.

.7
All visible low voltage wire shall be enclosed in electrical conduit.

.8
Direct burial wire may be trenched or placed in a common trench beneath irrigation pipes, or laid, but not pulled with a vibratory plough, and should have a minimum soil cover of 25 cm.  Provisions shall be made for expansion and contraction of all direct burial wire, including protection from foreign objects.

.9
All electrical wire connections to remote control electrical valves and splices in the field shall be soldered or completed with a wire connector that are specifically designated for low voltage in ground irrigation use.

14.4.6
Controller

.1
All 110 volt wiring to the controllers shall be enclosed in P.V.C. electrical conduit or completed with BX cable. 

.2
The controller shall be firmly mounted with all wiring done in the controller or an approved junction box as per the manufacturer specifications.

.3
The unit must be grounded in compliance with the manufacturer ’s recommendations and the local electrical code.

.4
Stations shall be wired in a logical sequence and an irrigation schedule shall be placed in the control box with each station clearly identified in relation to site. 
14.4.7
Sleeving

.1
All sleeving in soil shall be installed and backfilled with the same considerations for protection of the material as if it were water pipe. Compaction shall be to the same guideline as the adjoining undisturbed soil and the sleeves shall project at least 25 cm on either side of the hard surface being crossed.

.2
Sleeving being installed across roads, walks or driveways for future use, shall have the necessary pipe installed at the same time with each end elbowing to at least 90 cm above grade

.3
When it is not possible to install sleeving, the water pipe shall be either Schedule 40 PVC, SDR 11 High Density Polyethylene (HDPE) or Series 160 Polyethylene. 

14.5
Excavation and Backfilling

14.5.1
General

.1
The following coverage to finished grade is required over the piping. Depths over piping may be greater in colder climates.

Table 14- 1

	
	MINIMUM COVERAGE DEPTHS

OVER PIPING

(cm)

	Lateral pipes less than 4 cm diameter
	30

	Lateral pipes 4-7.5 cm diameter
	45

	Lateral Pipes over 7.5 cm diameter
	60

	Pipe for Mains and Supply Lines
	60

	Control Wires or Tubing
	45

	Under Asphalt Roads
	90


.2
Trenches for all pipes should be straight with a level, uniform grade with firm base and wide enough to provide free working space around the work and to provide abundant space for backfilling and tamping.

.3
Backfill the trenches shall be performed in 15 cm layers with tamping to ensure that the compaction of the trench is equal to that of the surrounding undisturbed areas.

.4
Backfill material shall be free of rocks and/or other unsuitable materials, which could damage the pipe or create unusual settlement problems

.5
Trenches shall be at least 30 cm away from paving stone or other hard surfaces to avoid undermining such surface or its edge retention.

.6
Trenches located under areas where paving or concrete will be installed shall be backfilled with sand and compacted in layers to 95% compaction. Trenches for piping shall be compacted to equal the compaction of the existing adjacent undisturbed soil.

.7
All trenches shall be left flush with the adjoining grade. 

.8
All trenches that are opened during the working day shall be closed and backfilled the same day.

.9
Vehicle wheels shall not be used for compacting soil.

14.5.2
Pulling

.1
Where soil conditions allow the pipe depths of cover described in table 14-1 are met, the piping may be installed by use of a vibratory plough.

.2
The feed blade must be equipped with a minimum bullet diameter 1.5 times the outside diameter of the pipe to be installed. The interior of the pipes shall be kept free from dirt and debris.

.3
Contractor shall be responsible for the restoration of the site to its original condition, including responsibility for damage to existing trees, shrubs, and structures, along with settlement of trenches within the warranty period.

14.6 
Site Maintenance and Protection 

14.6.1
The job site shall be kept in a neat, clean, and orderly condition at all times during the installation process.

14.6.2
All refuse, debris and excess materials shall be regularly removed from the site and properly disposed of.

14.6.3
Trenching, laying pipe and backfilling shall be continuous so that the amount of open trench is minimized.  

14.6.4
Any open trench or other excavations shall be barricaded. The Contractor shall securely cover or barricade all opening into the section of the system he is working on and components of the system as it is being installed.
14.6.5
The Contractor shall adequately protect adjacent property as provided by law and shall provide and maintain all passage-ways, guard fences, lights and other facilities for protection. 

14.7
Testing and Maintenance

14.7.1
Inspection

.1
Upon completion of the irrigation system installation, all components shall be adjusted so as to optimize the operation of the system and allow for final inspection and testing. 

.2
Inspection will be carried out with the consultant or owner’s representative present to ensure that the work has been completed according to specifications, and meets the intent of the installation guidelines.         

14.7.2
Testing

.1
Upon completion of the irrigation system and after sufficient time has been allowed for solvent weld joints to cure, the entire system shall be tested for proper operation. All air will be flushed from the system and all components will be checked for proper operation.

.2
The test will require that the system be operated sequentially with the controller, in the presence of the owners' representative.

.3
The purpose of the test is to ensure that the system adequately covers the landscape to be irrigated and meets the design criteria.

.4
Where required, main line pipes may be tested with air pressurized to twice normal operating pressures and observed over a period not less than 3 hours to determine that pressure losses have not exceeded 5 percent of initial pressure setting.

14.7.3
Deficiencies

Any deficiencies noted during any inspection and testing will be rectified promptly and signed off by the owner's representative.

14.7.4
Maintaining the Irrigation System
.1
A periodic maintenance contract for spring start up, winterization, recommended irrigation schedule, inspection and reporting performance conditions to the end-user (or owner) of the irrigation system, should be established.

.2
Periodically review the system components to verify that the components meet the original design criteria for efficient operation and uniform distribution of water. See Schedule 14-S3.

.3
Ensure that the replacement hardware used for system repairs matches the existing hardware, and is in accordance with the design.

.4
As plant material matures, additional sprinklers or other hardware maybe required to compensate for blocked spray patterns or changes in the irrigation needs of the landscape.  Rescheduling may also be required to meeting the changing landscape’s water requirements.

.5
As a base minimum guideline, an irrigation schedule should reflect a twice-daily cycle scheduled for every second day. Setting spray head zones for 7 minutes and rotary zones for 25 minutes per cycle to allow for .15 inches of precipitation during each application assuming proper design guidelines have been adhered to.

.6
A dedicated irrigation system water meter should be installed to monitor total water consumption of the irrigation system.

SCHEDULE 14-S1

Guidelines

The following are ASTM  (American Society for Testing and Materials) guidelines that are applicable:

ASTM D-1784 or D-2241 to meet the requirements of cell classification 12454B for pipe and fittings.

ASTM D2239 (ANSI B72.1): Standard Specification for Polyethylene (PE) Plastic Pipe (SDR-PR)

ASTM D1785 (ANSI B 72.7): Standard Specification for Poly (Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and 120.

ASTM D2241 (ANSI 72.2): Standard Specification for Poly (Vinyl Chloride) (PVC) Plastic Pipe (SDR-PR)

ASTM D2466: Standard Specification for Poly (Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 40.

ASTM D2564-36A (ANSI B72.16): Standard Specifications for Solvent Cements for Poly (Vinyl Chloride) (PVC) Plastic Pipe and Fittings.

ASTM D2855 (ANSI K65.55): Standard Recommended Practice for Making Solvent Cemented Joints with Poly (Vinyl Chloride) (PVC) Pipe and Fittings.

SCHEDULE 14-S2

Solvent Weld

.1
With a clean dry cloth thoroughly clean the mating pipe and fitting.

.2
Using an approved applicator apply a uniform coat of solvent primer to the outside of the pipe.

.3
In a similar manner apply solvent primer to the inside of the fitting.

.4
While the primer coat is still wet and tacky to the touch, apply a light coat of cement to the outside of the pipe and the fitting interior.

.5
Insert the pipe to the full depth of the fitting socket.

.6 
Give the pipe or fitting a quarter turn to evenly distribute the solvent.

.7
Hold in position for 10 seconds.

.8
Use a clean rag and wipe off any excess solvent. 

.9
Allow at least 15 minutes for curing of all welded joints before moving or handling and at least 24 hours before water is allowed in the pipe.

.10
Care should be taken so as not to use an excessive amount of solvent, which may cause an internal obstruction to form.

.11
In colder to extreme heat temperature conditions, the speed of the solvent welding process will vary and the primer application (steps .2 and .3 above) should be examined to ensure that it is still wet when cement coat is applied.

SCHEDULE 14-S3

Maintenance

.1
Maintenance procedures should include but are not limited to the following:

.2
Check that:

.1
the backflow prevention device is working correctly.

.2
the water supply and pressure are as outlined in the design.

.3
the pressure regulators are adjusted for the specified operating pressure.

.4
the operation of the controller is as designed. Confirm the correct date, time and replacement of the back-up battery.  Reschedule frequently according to changes in seasonal weather patterns.

.5
that all sensors used in the irrigation system are working properly and are within their calibration specifications.

.6
that heads are properly adjusted – nozzle size, arc, radius, level and altitude with respect to slope.

.3
Adjustment of:

.1
valves for proper flow and operation.

.2
valve flow regulators for desired closing speed.

.3
Examination of all filters and cleaning of all filtration elements as required.

.4
Repair or replacement of any broken hardware and pipe.

.5
Restoration of the system back to its design specifications, if necessary.

.6
Notification of the owner of any changes from the original design.

.7 
All repairs shall be tested.
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