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1. EMPLOYER REQUIREMENTS & OUTLINE OF WORKS


For the selected irrigation Contractor to:
1.1. To supply, install, test and commission a new irrigation system as generally detailed to the areas of tree, turf, and shrub planting at The Gelovani Park Tblisi, based upon the supplied specification. The installed system will be phased, based upon the final requirement of the soft landscape areas, and final planting / construction arrangements.
1.2. The irrigation contractor is to visit site and ensure that he can fulfill the requirements as stated in this document; submission of tender deems this to be the case. No allowance will be made for claims due to failure to examine this specification and the site.
1.3. Irrigation Contractors shall design specific elements and acknowledge responsibility for these items, e.g. pumping station / solenoid valves.
1.4. The irrigation Contractor will be required to enter into a formal written contractual agreement with the Employer based upon his submission of this document.
2. DESIGN REQUIREMENTS
2.1. The irrigation system shall be installed by the Irrigation Contractor particularly in accordance with the following:
2.2. The main line pipe flow rate was designed not to exceed 1.5 meters/sec at the moment.
2.3. The lateral pipeline flow rates are designed to exceed 1.5 meters/sec at the most. 2.1.3 All sprinklers shall incorporate additional low head drainage check valves.
2.4. Sprinkler system and drip irrigation system are designed such that the main pipeline is independent of each other.
2.5. Drip line row spacings shall be equal to the emitter spacing either in a square or triangular configuration, based upon the 50% rule for triangular spacing. All drip emitters shall be non leakage and pressure compensating.
2.6. All solenoid valves shall incorporate pressure regulation and filters.
2.7. Irrigation products were adjusted to species and even rainfall. Mixing of products or precipitation rates in a common valve is not allowed. 
2.8. Final precipitation rates must be calculated with reference to the configuration spacing and flow of the emitter / sprinkler. Sprinklers having different arcs must not be operated on the same valve unless shown to be matched in precipitation.

2.9. The irrigation system for the complete system shall run between the hours of 22:00 hours and 06:00 hours, achieving full irrigation within this window.

2.10. Peak application rates for planted areas shall be considered as follows (actual daily rates will depend on daily weather fluctuations and will need adjusting by the site manager as weather / seasons change); these are subject to final planting density and detail:

Ground Cover Shrubs - approx 2,62 litres / m2 / day 

Large Trees - approx 20 - 80 litres / tree / day 

Turf - approx 5,23 mm/m2/day
However each area / type of planting shall be separately valved; mixing of plant types on valves is not permissible. 
The Contractor shall confirm that the supplied water quality / volume and pressure is acceptable for his products prior to installation. Water quality (salinity, suspended solids, pH, and hardness) should all be rectified / treated prior to entry into the irrigation system - this includes ensuring suitable water quality for turf / spray irrigation (there should be no presence of disease risk).

2.11. Control system shall be compatible with the central control system. The contractor should ensure that the compatibility and synchronization of the products are approved by the employer prior to installation.

3. GENERAL CONDITIONS
3.1. GENERAL CONDITIONS
3.1.1. No changes in either plans or specification shall be made by the irrigation Contractor without the written approval of the Employer or his representative.
3.1.2. Should the Employer request alterations to the scope of works, these shall be undertaken by the irrigation Contractor without affecting the contract and at the unit rate specified. Should additional work involve additional plant / manpower not previously included, then these shall be provided at an agreed rate, made in writing and epted by the Employer, prior to the commencement of the additional works. Samples of all products shall be provided prior to project start.
3.1.3. Warranty terms shall be indicated by the irrigation Contractor. A standard minimum of 24 months from handover will be required for the complete system.
3.1.4. The irrigation Contractor and employer are responsible for the identification of all underground services. All local service providers such as gas, oil, telecommunications, water and sewage, will be contacted at the beginning of the business. All these services should be identified before the commencement of the works and necessary preparation should be made to pass them properly.

3.1.5. The irrigation Contractor shall aim to minimise all risk of fire and shall take the appropriate action if fire is discovered.
3.1.6. During the duration of the contract, the irrigation Contractor will supply a competent supervisor to ensure that all aspects of the contract are handled in a professional manner.
3.1.7. Local /national byelaws / codes of practice will override any section of the enclosed specification with regard to abiding by legislation and law.
3.1.8. The irrigation Contractor shall satisfy himself as to the completeness of the outline specification prior to submission of the tender. Submission of the tender document shall be confirmation of this. It is the responsibility of the bidding Contractor to confirm all lengths and quantities prior to submission of the tender; submission of the tender document shall be deemed as confirmation of this.
3.1.9. The irrigation Contractor shall provide the Employer with written evidence of all requested insurances and liability insurances, including Professional Indemnity Insurance. Insurance of equipment on site remains the responsibility of the Contractor until handover.
3.1.10. This suplemantry document shall be valid for a period of ...... days from the date of submission.
3.1.11. Handover date shall be the date when the project is deemed to be completed to the satisfaction of the Employer or Employers representative and all instructions for the operation and maintenance of the system have been provided. The system shall have been proved by visual inspection, pressure testing and in an automatic mode as deemed necessary.
3.2. SITE
3.2.1. Scope of work
To install, test and commission a new irrigation system including all necessary labour, mechanical plant equipment and supervision as required based upon the attached detailed specification.
3.2.2. Site address and area of works Gelovani Park Tblisi/Georgia
3.3. MATERIALS
3.3.1. The irrigation Contractor shall supply all materials necessary, such as underground pipelines, dripline, drip emitters, sprinklers, ess chambers, control valves, control system, etc, as well as all other necessary sundry materials required for the full installation 
3.3.2. All materials used by the irrigation Contractor shall be new and unused and inline with the attached specification. The Employer shall have the right to inspect the materials used at any time.
3.3.3. The irrigation Contractor shall be responsible for the safe storage of all materials and for the safe handling of these materials until the completion of the project.
3.3.4. The irrigation Contractor shall also be responsible for the removal / disposal of all packaging / boxing / pipe cuttings, etc at the end of each day.
3.4. OPERATION OF SYSTEM
3.4.1. The irrigation Contractor shall be responsible for the full programming and automatic operation of the irrigation system after installation has been completed and until handover.
3.4.2. The irrigation Contractor shall keep a fully qualified engineer on site at all times to effect operation and repair of the system until handover.

3.5. MARKING OUT / AS LAID
3.5.1. The irrigation Contractor shall be responsible for the marking out of the system (mainline pipe, emitter equipment and lateral pipe positioning), unless otherwise indicated by the Employer or his representative.
3.5.2. The irrigation Contractor shall record the 'as laid' position of all irrigation equipment on a plan supplied by the Client. 
3.6. VALUATIONS
These shall be submitted at periods to be agreed.
3.7. TERMS
The Employer is not bound to ept the lowest price offered and reserves the right to negotiate after receipt of the offers.
4. MATERIAL SPECIFICATION
Substitution of any part of the material specification is not permitted, unless in written agreement with the Employer or his representative. It is the irrigation Contractor's responsibility to include all necessary sundry fittings and to check his material quantities.
4.1. MAINLINE & LATERAL PIPELINES
4.1.1. These shall be supplied as black high density Polyethylene to İnternational Standards and relevant International Standard, with a minimum rated working pressure of 10 bars as required. All production related to polyethylene pipes and fittings will be in accordance with the latest standards. 
4.1.2. The sprinkler system and drip irrigation system shall be constructed so that the main pipeline is independent of each other.
4.1.3. Pipes shall be combined or equal with compression or electrofusion fittings produced by approved manufacturers. The pipes will be supplied in coils.EF Tapping Saddle shall be used for zone valves. 
The pipes shall be marked as follows: - Manufacturers name, Standard, Nominal size of pipe in mm (nominal outside diameter x nominal wall thickness), SDR, pressure rating in Bar, Month & Year of manufacture, Body of the fittings should have the manufacturer's name / logo.
All fittings must be individually packed in transparent plastic bags indicating its type and size.
Where couplers other than compression or electrofusion are utilised, ie flanges, they will be manufactured to İnternational standards, be 16 bar rated, and incorporate stainless steel bolts / flanges.

 All couplings will be approved for such use by the pipe manufacturers, be 16 bar rated, and shall be suited to the pipe provided (irrigation Contractor shall confirm this).
The irrigation Contractor must be prepared to submit samples of his jointing and piping product for examination and approval.
Drainage pipes shall be used at road crossing points as sleeve pipe. 
In all cases, the pipe jointing / installation method must be carried out strictly in ordance with relevant code of practice and manufacturers recommendations for that particular piping product.
All required statutory warning tapes shall also be installed with the piping product.
Pipelines shall be jointed by approved methods; all joints shall be carried out using products recommended by the manufacturer with a pressure rating equal to or higher than the pipe.
Plastic to metal connections shall be made only using approved jointing techniques.
Sealing and transition fittings for these penetrations shall be provided by the irrigation Contractor. 
Final routing of the irrigation mainlines in buildings is the responsibility of the irrigation Contractor whilst liaising with the site engineers. 
After slab penetrations mainline pipes shall be supplied as black Medium Density polyethylene as per specification.

4.2. TREE IRRIGATION
4.2.1. Large trees will be irrigated with drop water pipes with regulated emitters each having an outlet 2 liter/hour at 1.5 bar pressure.These drip irrigation pipes will be laid as ring under the tree and shall fixed with plastic stakes
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4.2.2. Only compression, insert or screwed fittings approved by the manufacturer shall be used.Drip pipes shall be manufactured by Hunter or equal.

4.2.3. The drip irrigation system is an irrigation product for trees and bushes. The Drop Pipe System must be pre-mountable and removable. Drip irrigation lines should be set up to help disperse the water along the root zone.

4.3. SHRUB IRRIGATION
4.3.1. Professional Drip tubing shall be brown in color and conform to a Nominal .5575” Inside Diameter, Nominal .045” Wall Thickness and shall be compatible with all industry standard 17MM fittings (Both barbed and compression) Professional Drip tubing shall have factory installed, check valve and pressure-compensating, inline emitters shall have installed. (Every 33 cm)
4.3.2. Professional Drip tubing shall have factory installed, check valve and pressure-compensating, inline emitters with spacing as indicated on drawings. Professional Drip tubing shall carry a two-year, exchange warranty (not prorated).
4.3.3. Row spacing shall be even and not exceed emitter spacing. The irrigation Contractor shall configure dripline layouts ordingly and to manufacturer's recommendations. 
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4.3.4. Driplines shall be jointed by compression, insert or screwed fittings as approved by the manufacturer.
4.3.5. Dripline installation shall include flush end caps for cleaning purposes.

4.3.6. Shrub sizes shall be identified and be watered ording to plant requirement on separate valves.
4.3.7. Dripline shall be held in place by stakes at approximately 1.0 metre intervals, generally as per manufacturer's instructions, and gravel / bark mulched over.  Final dripline layouts is the Contractor's responsibility to configure / confirm.
4.3.8. Dripline shall be manufactured by TORO Drip İn series, or equal.
4.4. TURF IRRIGATION
4.4.1.  Grass Areas

4.4.1.1. The sprinkler for small / medium grass areas will have a matching rainfall rate sprinkler / mp rotary receiver with sprayers. Pop up heights will be about 10 cm. All sprinklers should contain check valve.All sprinklers will be connected to the underground lateral piping via the swing riser pipe (minimum 8 bar nominal riser pipe).
4.4.1.2. Sprinklers for the turf areas are specified to be either  approved ,Toro or equal, fitted with a check valve and installed with matched precipitation rate nozzles to the radius and throw required.
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4.4.1.3. Additional anti-check valves shall be installed in the lateral distribution pipelines and sprinklers to avoid excessive low head drainage - these shall be installed by the Contractor as required and shall be site specific ording to mounding and slopes.
4.5. SOLENOID VALVE ASSEMBLIES
4.5.1.  Where required, the system will utilise 1", 1 1/2",2" automatic solenoid operated 24 volt, normally closed electric valves. These shall be plastic with a BSP thread featuring manual bypass, manual operation and each valve assembly shall have adjustable pressure regulation fitted and a scrubber unit.
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4.5.2. Solenoid valves shall be incorporated into an irrigation valve chamber. A maximum of 2 piece. valves shall be installed in one chamber. Chambers shall be installed at a suitable location away and not in the way of either pedestrians, or maintenance machinery.
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Valve size: 386 x 267 mm (height: 305 mm)
4.5.3. Solenoid valves shall also be incorporated into an assembly. This assembly shall be constructed of a material unaffected by water treatment (MDPE / HDPE) regimes with MDPE pipework (connections into and out of the assembly), jointed onto pipelines by either electrofusion or compression fittings. The assembly shall include solenoid valve isolation valve (same bore as solenoid valve), and inline filter manufactured by TORO or equal.

4.5.4. Final assembly design is the irrigation Contractor's responsibility. It shall be fit for the purpose intended and drawings & material lists shall be submitted with the tender.

4.5.5. Solenoid valves will be connected to the main line. All products shall be selected by the irrigation Contractor so that they are not affected by dezincification, any proposed water treatment regime or future fertigation system.

4.5.6.  The solenoid valve shall not be installed within 40mm of the top of the valve box.

4.5.7.  Approved valve manufacturer's is TORO or equal.
4.6. QUICK COUPLING VALVES
4.6.1. Manual watering points specified as 1" quick coupling valves including a stainless steel riser and metal anchor rod for support shall be installed strategically; at each group of solenoid valve assemblies or individual solenoid valves; valves shall be manufactured from cast brass with rubber covers and mounted onto 1" swing joints.
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Valve small size: Ø 160 mm (H: 236.5 mm)

Valve large size: Ø 242 mm (H: 255 mm)

4.6.2. Necessary coupling keys shall be provided as per specification. All to be installed exactly as per manufacturer's instructions; manufactured by TORO or equal.
4.7. AIR VALVES
4.7.1. Air valves shall be installed at the highest point of mainline installation. Valves shall be 1" in size shall have approved by employer.
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4.7.2. Air valves shall be incorporated into an irrigation valve box. A maximum of 1 piece of valve shall be installed in one box. Boxes shall be installed at a suitable location away and not in the way of either pedestrians, or maintenance machinery. All air valves must be used in accordance with International Standards.
4.8. VALVEBOXES
4.8.1. All isolation, drain, air and automatic valves shall be installed within a valve box.
4.8.2. Valve boxes shall be corrosion resistant, supplied with a lockable cover, be suitably sized to enable easy ess to all equipment and allow a minimum of 40mm clearance of the valve box lid above the manual watering point. Valve lids shall be lockable and vandal resistant.
4.8.3. When used, circular boxes shall be installed with a length of reinforced PVC drainage pipe or equivalent, permitting easy ess to the valve.
4.8.4. All boxes will be installed with concrete blocks preventing the load of the box and associated traffic from touching the pipelines.

4.8.5. All boxes will have a textile membrane installed at the chamber base, covered with 50mm of pea gravel.
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4.8.6. Signal cable, where sited in the box, will be clipped to the box to prevent obstruction of operation of the products within the box.
4.8.7. Approved box manufacturers include TORO or equal.

4.9. CONTROL SYSTEM COMMUNICATION CABLE / SIGNAL CABLE
4.9.1. All irrigation control system communication cable / signal cable shall be suitable for direct underground burial and of a solid copper conductor, with all cores being polyethylene insulated with a polyethylene impact resistant outer sheath. The cable is to be checked by the irrigation Contractor to ensure that hjş specific control system selection does not cause excessive volt drop. All signal cable shall be supplied by the control system manufacturer.
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4.9.2. The Irrigation Contractor is obliged to ensure that the selected control system does not conflict with other electrical services and comply with all national and local regulations and security laws.
4.9.3. The Irrigation Contractor is responsible for using the specified cable size.
4.9.4. The cable must be approved for use by the control system manufacturer during operation. All cabling must be installed alongside the main line; The conduits shall be 100 mm in size ording to EN1401 - BS3506 and shall be supplied by the main Contractor with the necessary reservoirs and draw cords.
4.9.5. All cables will be UV resistant and will have a temperature operating range suitable for the climate. The signal cables are joined together using silicone sealed grease filled crimps, such as DBY / DBR connectors.
4.9.6. Electrical communication / power cables shall be assembled / assembled using approved national techniques and ording to the manufacturer's instructions.
4.9.7. The cables must not be installed at any point to form a continuous circuit. The cable layouts will be provided by the irrigation contractor and will be approved by the control system manufacturer.

4.9.8. Final cable installation shall be provided by the Irrigation Contractor and the control system shall be approved by the manufacturer; Cable plans will be approved before installation. The control system will also connect to the localized BMS system and communicate with the irrigation pump station.

4.10. CONTROL SYSTEM AND CENTRAL OPERATING SYSTEM
PART 1 – 
GENERAL OVERVIEW 
A. The Water Management System shall be a Toro® Sentinel Water Management System. 
B. The System shall include the following general components: 

1. Sentinel WMS Software

 2. Sentinel Field Satellites with two-wire decoder motherboard and daughter board (each satellite capable of up to 96-stations), except where standard controllers are used, which have conventional terminal-boards for wiring stations to control valves in the field. 

3. Sentinel Communications Hardware 

4. Central Computer utilizing a Windows XP Operating System 

C. The system central computer may be furnished by the owner or purchased as part of the Water Management System package from Toro. The personal computer must meet the minimum specifications as required by Sentinel WMS. 

D. The Central Computer, if purchased from Toro, and the WMS Software shall be supported with a Toro NSN® support plan with a minimum of two years support coverage. E. The Sentinel WMS Software shall have the following general Programming features: 

1. Access to all the programming features of Sentinel Controllers through PC-based WMS Software 

2. Controls up to 999 field satellites 

3. Group controllers into “systems” for system-wide adjustment of: a. Rain Days b. Percent Scale (Percent Adjust) c. ET adjustment from shared weather source 

4. 16 programs per field satellite. 

5. 8 start times per program 

6. 6-week Active Water Days scheduling 

7. Mark special dates on the on-screen calendar 

8. Set station run times individually, or in blocks 

9. Program irrigation to fit within a timed water window 

10. Make percent adjustments from 0–255% 

11. Set multiple station or program repeats 

12. Continuous Run feature allows programming for grow-in 

13. Rain Off from 0 to 250 days by controller, program or station, across the system. 

14. Percent Scale from 0–255% by controller, program or station, across the system. 

15. Set control parameters for each station: a. Station description b. Type description c. Flow d. Maximum flow e. Precipitation rate f. Plant factor 

16. ET-based watering by program 

17. Ability to display projected flow by program, controller, or system 

F. The Sentinel WMS Software shall have the following general Maintenance & Reporting features: 

1. Alarm reporting of communication issues from the central to the satellites, over- or underflow conditions, overcurrent conditions, or power failures 

2. Extensive reporting features: 

a. Run time reports 

b. Water usage 

c. Alarms 

d. Logging of system changes 

e. Water use, rain and ET accumulation 

3. Flow Optimizing in order to optimize water demand and shorten water window

 4. Ability to divide system into groups representing similar field attributes 

5. Ability to redefine valve sequence without physically changing wire terminations in field satellite 

6. Information overview by group and satellite 

7. System status indications for individual field satellite 

8. On-line help screens minimize training requirements 

9. Map-based feedback on station status 

G. The Sentinel hardware and WMS Software shall come standard with the following support:

 1. All centrals come with two years of NSN (National Support Network) support. The contractor is responsible for activating the NSN subscription. Initial on-site software training is included, and provided by Toro service reps and distributor personnel. 

2. Standard telephone modem or internet connection allows for remote access to WMS Software via pcAnywhere 

PART 2 - PROGRAMMING FEATURES 

A. The Sentinel Water Management System shall allow Access to all the programming features of Sentinel Controllers through PC-based WMS Software for the programming of each Satellite/MapTo controller.

 B. Each controller shall have 16 programs. Programs may be either irrigation or non-irrigation. Nonirrigation programs shall be for lighting, security, etc. Non-irrigation programs are independent of rain shutdown modes. 

C. Each program shall have the following setup options: 

1. Specified start times (1-8) 

2. Hour/minute runtime format 

3. Percent Scale 

4. Cycle Delay 

5. Program Repeats 

6. Continuous Run (Continuous Program Repeat) 

7. Water Window 

8. Active Water Days Schedule Select 

9. Activate Auxiliary Pump. 

10. ET-based Run Time D. Each Program can be assigned up to 48 stations in any order. Each station can have a run time of 0 to 255 minutes per run, and be repeated within the program. E. Each program shall have up to 250 repeat cycles with 0 to 255 minute soak times. 

F. Each program is capable of being disabled independently. 

G. The WMS Software shall allow the end-user to redefine the remote control valve sequence for programming to be different than the physical attachments within each field controller. 

H. The WMS Software shall allow all program modifications to be made from a single screen after initial setup.

 I. The WMS Software shall flag any programming issues or conflicts that would cause station not to run J. The WMS Software shall provide three methods for the calculation and adjustment of station runtimes: 

1. Direct adjustment of run times by performing manual percentage adjustments. 

2. Adjustments of run times based on reference evaportranspiration. 

3. Calculation of run times based on automatic acquisition of evapotranspiration data.

 K. Each controller shall have up to 16 watering days’ schedules. A schedule is selected for each program. Multiple programs may share the same schedule. 

Each schedule shall have the following: 

1. Rolling 6-week format 

2. Ability to overlay on current calendar

 3. Multiple standard Odd/Even or Interval options 

L. The WMS Software shall have the ability to divide the irrigation system into separate satellite groups to allow central control of similar field conditions, including:

 1. Rain Days 

2. Percent Scale (Percent Adjust) 

3. ET adjustment from shared weather source 

M. The WMS Software shall have the ability to manually adjust (percentage increase/decrease) by station, program, satellite, group and/or the entire system. 

N. System adjustment factors may be input via actual percentage or operation ET. 

O. The central computer shall have the ability to connect to a Toro-specified weather station. 

1. The weather station will measure and store temperature, relative humidity, dew point, wind speed and direction, and solar radiation for use in the calculation of evapotranspiration. 

2. The central shall automatically communicate ET data to field controllers for recalculation of watering times. 

P. The WMS Software shall predict and allow for system flow by program 

1. The graph will calculate and display the maximum instantaneous flow as well as the total volume. 

2. The system will display the projected flow for each minute of the irrigation schedule. 

Q. The WMS Software shall have the ability to manually start programs for an individual satellite. R. Manual programs may be started in normal or syringe/test mode. S. The WMS Software shall have the ability to start a multi-manual cycle in a satellite, running up to six stations simultaneously with a run time of up to 255 minutes. 

T. Utilizing Rain Days, the WMS Software shall have the ability to suspend the automatic operation of an individual station, program, group or entire system. 

1. The hold duration shall be programmable for the current irrigation day up to 255 days. 

U. The WMS Software shall have the ability to dictate reactions of non-irrigation devices through switch outputs. 

V 3. Measured flow 

4. Master valve and pump start/end times 

5. Daily accumulation for flow meters, ET, and rainfall if applicable 

K. The WMS Software shall provide an Evapo-Transpiration Report. This report will display and print ET data for any microclimate with user defined options: 

1. Start/stop date period 

2. Report by day, week, month 

3. Sort by time or microclimate 

L. The WMS Software shall provide a Flow Meter Report. The report will display and print flow meter data by flow meter for any individual, group, or all satellites with user defined options: 

1. Start/stop date period 

2. Report by day, week, and month

 3. Resolution by satellite or system (totals)

 4. Units of gallons 

5. Show averages M. The WMS Software shall provide a Water Usage Report. This will display and print water usage data which shows both runtime and flow data for any individual, group, or all satellites with user defined options: 

1. Start/stop date period 

2. Report by day, week, and month 

3. Resolution to station, satellite, or system 

4. Units 

5. Show averages 

6. Show measured versus calculated flow data 

N. The WMS Software shall provide a rainfall report. This report will display and print rainfall data for any microclimate with user defined options: 

1. Start/stop date period 

2. Report by day, week, and month 

3. Rainfall per microclimate 

4. Show averages. 

PART 4 - COMPUTER TO SATELLITE COMMUNICATIONS 

A. The central computer shall be capable of multiple communication modes, and must allow for mixed modes within the same system. 

B. Computer to satellite communications methods can be: 

1. Narrowband, UHF data radio 

2. Spread Spectrum radio 

3. Telephone (landline) 

4. Cellular Technology 

5. Ethernet 

6. Fiber Optics 

C. The addition of a remote transceiver assembly will permit utilizing multiple communications methods to remote field controllers.

 D. All communications, regardless of mode, will be true two-way and will provide visual and/or audio confirmation of receipt. 

E. The Sentinel Water Management System shall utilize two-way communication throughout the entire system. Data transmissions shall utilize appropriate protocols to insure reliable error-free communications. 

F. The Water Management System shall support serial port expansion to accommodate singular, combined, and repeater communication modes. 

G. The WMS Software shall provide alarms and diagnostics for verifying communication path performance and troubleshooting. 

H. The Water Management System shall be capable of uninterrupted satellite operation in the event that the central computer is not operational or communication failure with one or more satellites has occurred. 

PART 5 - FIELD SATELLITE HARDWARE 

A. The field satellite shall use modular solid-state control technology and be capable of automatic, semiautomatic and manual operations. 

B. The controller shall be programmable by the on-board keyboard with lighting optional back-lit LCD or by a laptop computer (unless a non-keypad model such as a MapTo universal is used). 

C. The controller shall be housed in a locking stainless steel or powder-coated metal wall mount, or stainless steel or plastic pedestal. 

D. Access to high voltage and 24-volt field wire shall be through a front door panel with a keyed lock. 

E. Both the cabinet and interior assemblies shall be UL approved for outdoor and indoor applications.

 F. The pedestal model shall be bolted into a concrete footing that has mounting bolts embedded in the concrete pad. The concrete pad shall be sloped away from the pedestal to prevent water accumulation around the base of the cabinet. 

G. The controller shall be capable of operating at 115 V a.c. (+/- 10%) 50/60Hz and be capable of withstanding an incoming surge or electrical spike or 4.5 kV on the input side. 

H. Each 24-volt station output shall be capable of delivering 0.5 amperes at (12VA) at 24 V a.c. 

I. The controller shall be capable of operating six multiple stations for a total output current of 2.0 amperes at 24 V a.c. 

J. The surge testing shall conform to the following standards: 1. ICE 61000 Standard for Lighting Surge, 1089 Bellcore Testing, UL 1449. 
K. The 24-volt outputs shall be offered with options for three levels of surge protection 
L. The 24-volt output board with full surge shall be capable of withstanding field surges in excess of 20 KV at A. 
M. The controller shall have manual activation switches and LEDs indicating station operation for each station. 
N. The Stainless Steel Wall and Pedestal mount and Plastic Pedestal Mount Controllers shall be expandable in 12 station increments from 12 to 48 stations. 
O. The controller shall have a master valve capability via a separate terminal block that is independent of the remaining station count. The master valve shall have the ability to be the programmed for either normally open or normally closed master valves. 
P. The controller shall come standard with a “Dallas”-style for real-time clock retention in the event of a power failure. The controller shall maintain the time-of-day, day-of-week and user defined program for a period of 10 years. 
Q. The satellite control module components shall be enclosed in a weather resistant plastic cabinet that is sealed against insects and other vermin that might cause failures. 
PART 6 - SCHEDULING CAPABILITIES 
A. The controller shall have three modes of operation: stand-alone, off and centrally-controlled. B. Time-of-day and day-of-week programming, and operational status shall be shown in LCD display. 
C. While operating in stand-alone mode, the field satellite shall have a 12/24 hour real-time clock with adjustable day change hour. Time-of-day, day-of-week, programming and operational status shall be shown in LCD. 
D. The controller shall have 16 independent programs divided into four clusters (A through D) with four programs within each cluster (1 through 4). 
E. Each program shall be assigned to any of sixteen watering schedules which can be up to six weeks long with any combination of watering days. 
F. Each program shall have eight start times, up to 99 repeat cycles and a programmable delay between cycles from 0-255 minutes. 
G. The controller shall be capable of running any one or combination of programs continuously. H. A water window may be entered for any program where watering will only take place between a start and end time. 
I. Each station can be programmed independently from one another and have the ability to operate each station in one minute increments between one minute and 14 minutes. 
J. The station will run continuously (infinite) when the run time is set at four hours and 15 minutes. 
K. Each station may be assigned independently to any or all of the 16 programs. 
L. The controller shall be capable of running any one or combination of programs simultaneously. M. The controller shall have a program adjust feature that allows for independent percent-adjust feature that allows for independent percentage adjustment of each program from 10% to 250% in 1% increments. 
N. The controller shall have a non-volatile memory that can maintain time and all programming functions for a period of 10 years or more in the event of a power loss. 
O. When the controller is operating in either manual or automatic modes, the remaining run time may be displayed. 
P. The controller shall have a multi-manual cycle that allows the simultaneous operation of one to six stations with independent station run times. 
Q. The controller shall have the following additional standard features in a stand-alone mode: 
1. Alarm alerts against user errors for programming and communication
 2. Ability to create and store program for future use. 
3. On-line help screens for training of first time users
 4. Running programs based on ET data 
5. Reading and reacting to flows 
6. Capable of monitoring the current draw of any and all stations 
R. The controller shall be capable of running irrigation programs based on Evapo-Transpiration (ET) input. When the ET functions are activated, the controller automatically adjusts program run times according to the ET data. 
S. The controller hall be capable of displaying in English, French, Italian, or Spanish. 
T. The controller shall have the ability to communicate with a MapTo Universal remote field satellite within radio reception range. The MapTo Universal module shall be available in 12, 24, 36, and 48 station increments and shall be capable of receiving program functions from another controller in either stand-alone or central modes. This feature shall not diminish or limit the number of programs or functionality of the “master” controller. 
PART 7 - FIELD SATELLITE MAINTENANCE AND REPORTING
 A. The controller shall be capable of (manually) monitoring the current draw of any and all stations. If the current exceeds allowable limits the station shall be shut down to protect the fuse. The program shall complete its cycle and provide an alarm alert of the high current station. B. The controller shall be capable of reading and reacting to flow rates.
 C. When the flow functions are activated, the controller automatically reads and records flow data. 
D. Water usage for the current month, previous month and previous year accumulative totals are stored and are retrievable. 
E. The controller shall be capable of reacting to unexpected, over or under flows by shutting down the station(s) or a master valve. A properly sized and located flow meter is required to provide accurate flow data. 
F. The controller shall have field diagnostics in stand-alone mode, when used in conjunction with a troubleshooting kit. This kit, when connected properly, shall have the availability to diagnose programming conflicts versus a physical hardware problem. In a central mode the field satellite shall have the ability to forward sensor alarm alerts, communication alarms, and/or field programming changes via two-way radio or a remote transceiver via telephone.
4.11. CONTROLLERS, DECODERS WRITTEN SPECIFICATIONS
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4.12. MATERIALS 
4.13. A. Automatic Controller. 1. Standard: Toro’s Sentinel ‘Water Management System’ central controller, or approved equal (see Section 02811). The two-wire field satellite controller(s) shall be within small, powder-coated metal cabinets (Toro model # ESBTW-U2-WS2-ATX). This unit shall communicate with the central, and have a mother-board and one 96-station daughterboard which is compatible with a two-wire communication path with Toro ISP decoders. The bid shall provide one Sentinel hand-held remote control unit with the system, for users to communicate remotely with the field satellite unit(s). 
4.14. B. Controller - Valve Communications. 1. Communication between satellite controller(s) and the decoders & valves shall be accomplished by a twisted pair of #14 AWG decoder cables for direct burial within a red HDPE outer jacket. The communication cable shall be manufactured by Paige Electric model #P7350D, or equal. Decoders (preferably just 1-station configuration with ability to operate one or two solenoids) shall have ‘Integrated Surge Protection’ (CDEC-ISP-1). Each decoder is pre-addressed with a five-digit address, and is not programmable. The decoders send DC signals to DC-latching solenoids up to 400 feet through #14 wire DTS cables (model #P7351D). All splices shall be made in accordance with National Electrical Code® Articles 300.5 (Underground Installations) and 110.14 (Electrical Connections) using 3M DBY-6 or DBR-6 connectors, which are UL listed under "UL 486D-Direct Burial", for wet or damp locations, 600 volts. The decoders shall have ‘Integrated Surge Protection’ rated to 20 KV (20,000 volts) secondary surge. 
4.15. C. Valves/Controls. 1. Automatic valves for two-wire decoder system: The automatic control valves shall be Toro plastic valves operated by DC-latching solenoids, normally closed, with manual flow adjustment. a. Standard for valves with DC-latching solenoids: Toro #P220-27-94 (1”) between 5-30 gpm; #P220-27-96 (1.5”) between 30-75 gpm; and #P220-27-98 (2”) between 75-150 gpm, all with EZR-100 PR modules. These shall be used on all zones, except drip-zones. Valves for drip-zones (0.10-20 gpm) shall be Toro #TPVF-100-MBDC used with in-line pressure-regulator #T-PMR25-MF. All valves require DC-latching solenoids.
4.16.  D. Valve Enclosure. 1. Control valves and decoders shall be enclosed in a fiberglass valve box such as Carson, Armour, or approved equal. Valve boxes are to be filled with a minimum of 6” of washed gravel below pipe level to ensure adequate drainage. 
4.17. E. Sleeves. 1. Sleeves shall be twice the nominal size of the pipe to be carried within, unless noted differently. Sleeves for communication wire only shall be 2” diameter, placed alongside (or above) each sleeve for the mainline. 2. Under walks, paving and where indicated on drawings, install Schedule 40 PVC (ASTM D-1785) for sleeves 4” diameter and smaller. Sleeves 6” and larger shall be Class 200 PVC. Tape ends of sleeves and mark sleeve locations with above grade stakes with appropriate annotation, i.e…“irrigation sleeves”. Stakes shall be protected. Do not backfill over sleeve locations behind back of curbs or along walk edges, until work has been completed. 
4.18. F. Pipe Fittings. 1. PVC fittings shall be solvent weld Schedule 40 standard weight. Attachment shall be made with both a primer and solvent cement, as approved by the manufacturer.
4.19.  G. Flow Sensor. 1. The flow sensor shall be Toro’s model #TFS-400, an in-line type with a non-magnetic, spinning impeller (paddle-wheel) as the only moving part. The electronics housing shall be glass-filled PPS. The impeller shall be glass-filled nylon or Tefzel® with a UHMWPE or Tefzel® sleeve bearing. The shaft material shall be tungsten carbide. The electronics housing shall have two ethylene-propylene O-Rings and shall be easily removed from the meter body. The sensor electronics will be potted in an epoxy compound designed for prolonged immersion. Electrical connections shall be 2 single conductor 18 AWG leads 48 inches long. Insulation shall be direct burial “UF” type colored red for the positive lead and black for the negative lead. The sensor shall operate in line pressures up to 100 psi and liquid temperatures up to 140° F, and operate in flows of 1 foot per second to 20 feet per second with linearity of ± 1% and repeatability of ± 1%. The meter body shall be fabricated from Schedule 80 PVC Tees, available in 1 ½”, 2”, 3, and 4” with socket end connections. This flow sensor shall be Toro Model TFS-150, TFS-200, TFS-300, or TFS400 sensor.
4.20.  H. Wireless Rain Sensor. 1. The sensor shall be Toro’s wireless rain-sensor (Model #TWRS). The wireless sensor shall be mounted on a south/southwest facing surface (at least 10 feet above ground) within 500 feet of the controller. The receiver shall be adjacent (and connected to) the controller. The sensor’s receiver shall have a ‘Water Conservation’ setting, which allows for multi-day delays before resuming the normal watering schedule. 
4.21. I. Weather Station (Optional). 1. The weather-station shall be by Davis Instruments (Vantage Pro2-Plus). The station shall be positioned with exposure to the south/southwest, preferably 40-50 feet from a building (for wind exposure), and within 100 feet of the ‘Central Interface Module’. Davis Vantage Pro2 Plus- (Davis model # 6162 for wireless, or #6162C if cable-connected) a. Integrated Sensor Suite (ISS) includes Sensor Interface Module, Rain Collector, Anemometer, UV sensor, Solar Radiation Sensor and Passive Radiation Shield. Console provides the user interface, data display, A/D conversion, and calculations. The console and ISS are powered by an AC adapter connected to the console. Batteries can be installed in the console to provide a backup power supply. Weatherlink 5.8.1 (Davis model # 6150SER) The SER model connects the console to computer via a serial connection or a remote modem connection. Requires that splices be sealed with the following: 3M Scotchlok UAL butt connector. One Preformed Line Products Super Serviseal closure kits. Requires proper grounding (see Grounding) 
4.22. J. Manufacturer/Supplier. 1. The materials chosen for the design of the sprinkler system have been specifically referred to by manufacturer, enabling the Owner to establish the level of quality and performance required by the system design. After award of contract and prior to beginning work, the contractor shall submit for approval three copies of the complete list of materials to be installed. No deviations from the specifications will be allowed. 2. Acceptable manufacturers: Toro DECODERS
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4.22.1. Compatible decoders include only the Hunter ICD Series as described herein. ICD Series decoders are available in four different station output configurations, and shall be selected and placed to minimize the wiring distance from decoder to solenoid. The maximum distance recommended between individual decoder outputs, and the solenoids they are to activate, is 100 ft./33m. Shorter runs between individual decoder outputs and their solenoids reduce susceptibility to lightning damage in all decoder installations. 
4.22.2. AWG/1mm dia. wire or larger shall be used for all decoder-to-solenoid connections. In high lightning areas this wire shall be twisted to maximize surge suppression.
4.22.3. Decoders shall be available in one, two, four, or six station decoder units. Each decoder shall have a single pair of red/blue leads for connection to the two-wire path, and a pair of black leads for connection to the first solenoid. Multiple station decoders shall have color-coded outputs for each individual output, which corresponds to the station number of that output. Decoders with multiple station capability shall activate individual outputs, independently of each other color-coded output.
4.22.4. Each decoder output shall have sufficient capacity to activate two typical 24VAC irrigation solenoids simultaneously. A “typical” solenoid is assumed to require approximately 400 ma inrush current with approximately 200 ma holding current. The decoders shall have a current draw of 3.5 ma standby and 40 ma per active station.
4.22.5. Decoders shall be filled with a waterproof polymer compound to protect all circuitry, but shall be installed in valve boxes (or compatible top service valve-in-head sprinkler compartments) to facilitate proper connections and service.
4.22.6. Each decoder shall include an integrated surge suppression circuit with an exposed, unjacketed ground wire. No additional surge suppression devices shall be required in the two-wire path. 
4.22.7. The installer shall provide adequate earth ground (not to exceed 10 Ohms, or in compliance with practices as defined in American Society of Irrigation Consultants Earth Grounding Guideline 100-2002, available at www.asic.org) and connect it to one of the decoder ground leads every 1000 ft.(330m), or every 12th decoder module, whichever is shorter. Minimum ground hardware shall be a 4” x 36” (100 x 915mm) copper plate with at least 10AWG/2.5mm dia. copper wire. In high lightning areas, grounding may be increased to every 500 ft./150m or 6 decoders. 
4.22.8. 
Ground connections from decoder ground lead to grounding hardware shall be made by joining the 12AWG (2mm dia.) decoder ground wire with a 10AWG (2.5mm dia.) solid copper lead in an approved wire nut of appropriate size, inserted in a DBRY-6 waterproof direct burial connector, or with an approved wire clamp. Ground hardware shall extend at right angles from the two-wire red/blue path, and ground hardware shall be located at least 6ft./2m away from the two-wire path.
4.22.9. 
Each decoder output shall also have thermal, resettable circuit breakers to prevent overload from solenoid malfunctions.
4.22.10. Each decoder shall be programmable via wireless electro-magnetic induction while installed, without disconnection of any waterproof connections. A wireless handheld meter (ManufacturerModel) shall be furnished to allow programming, operation, and diagnostics through the decoder case.
4.22.11. The wireless handheld programmer shall be Manufacturer TOROor equal.
4.23. RAIN SENSOR
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4.23.1. The rain sensor shall be capable of interrupting the power from the irrigation controller to the valves when rainfall exceeds a pre-selected amount. 
4.23.2. The rain sensor circuitry shall be housed in an UV and corrosion resistant plastic casing and shall utilize 2 sets of hygroscopic disks to activate switches in the unit. One switch will be for the total rainfall compensation unit and the other for the Quick Response unit. The Quick Response unit will turn off the irrigation system within 5 minutes of the onset of precipitation, depending on the intensity. 
4.23.3. The sensor shall be adjustable by turning a plastic collar on the device that regulates an opening, thus varying the rate of evaporation from the disks.
4.23.4. The sensor shall have an integral, adjustable, aluminum, mounting bracket that allows installation on angled, as well as perpendicular surfaces. The sensor shall have a mounting option that allows for installation on a rain gutter.
4.23.5. The sensor shall be installed in accordance with the manufacturer’s published instructions. The sensor shall carry a conditional five-year exchange warranty. The rain sensor shall be the Rain sensör as manufactured by Hunter, Rainbird or equal.
4.24. SOIL SENSOR
4.24.1. The soil moisture monitoring system shall consist of a solid-state, low-voltage, outdoor control module mounted within 6 ft/2 m of the irrigation controller, wired to a soil moisture probe consisting of ABS plastic caps with stainless steel body over a hydrophilic fabric covered granular matrix with embedded stainless steel electrodes.
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4.24.2. The soil moisture control module shall operate on 24 VAC power from the host controller. The control module shall have color-coded wiring for all connections including 24V power, the soil probe, and the module output. The output shall consist of a relay-actuated, normally-closed contact closure suitable for compatible controller sensor input, or for common wire interrupt in a 24 VAC irrigation valve wiring system.
4.24.3. The soil moisture control module shall be designed for outdoor mounting, although protection from direct sunlight and direct sprinkler spray is recommended. The control module itself shall be NEMA 3R rated and shall be operable from 0° F/-17° C to 140° F/60° C. The control module shall be provided with suitable mounting hardware for common exterior applications, including screws and anchors. The control module shall display FCC, CE, and C-tick approvals.
4.24.4. The soil moisture control module shall have an LCD display and sealed pushbuttons for programming.  
4.24.5. The module shall display current soil moisture level, and shall permit the operator to update the reading at any time. 
4.24.6. The module shall allow the user to visually set the desired moisture level, and shall provide sensor output to the controller, or common wire interrupt, when the level is reached.
4.24.7. The module display shall indicate whenever the module has interrupted irrigation.
4.24.8.  The soil moisture control module shall also permit an override or “pause” by the user, to permit irrigation regardless of moisture level under special circumstances. The control module shall provide a clear visual indication when it is overridden, until the operator restores it to normal control.
4.24.9. The soil moisture probe may be installed up to 1000 ft/300 m from the control module, using 18 AWG/1 mm2 direct burial rated wire. No more than one soil moisture probe shall be connected to a single soil moisture control module. [Multiple control modules may be connected to controllers having more than one available sensor input.]
4.24.10. The soil moisture probe shall be located within the last zone of irrigation scheduled to run in the controller, to prevent premature interruption of normal watering. The soil moisture probe shall be placed in the sunniest, driest spot of the irrigated area.
4.24.11. The soil moisture probe shall be installed so that it is in full contact with the native soil. The soil moisture probe shall be placed in a vertical position (within 45°) within the root zone of irrigated plants that are typical of the landscape. The probe may not be installed horizontally, under any circumstances. 
4.24.12. The probe may be installed in a bored hole of 7/8”/22 mm diameter, followed by a slurry mixed of water and native soil, to enhance contact with the soil.
4.24.13. The soil moisture monitoring system shall have a minimum 5 year manufacturer’s warranty. The control module and the probe must be separately available as replacement parts, if needed.
4.24.14. The soil sensor shall be the soil sensör as manufactured by Hunter, Rainbird or equal.
4.25. WATER SUPPLY
The recycling water reservoir approved by employer for the main connection will be used. The connection diameter shall have be 90 mm.  The sprinkler system and the drip irrigation system are designed so that the main pipeline is independent of each other. For this reason, a separate pump system will be used for each system. The Water Contractor shall provide sufficient flow and pressure control at the water transport point in communication with the main Contractor. The water should not get sick, should be purified from the disease and should be softened / filtered before use. Storage tanks must have filling capacity to ensure that the system cycle is as required. It is the responsibility of the irrigation contractor to check whether this is possible.
5. INSTALLATION
5.1. GENERAL
5.1.1. The irrigation Contractor must ensure that his obligations under all relevant national Health & Safety laws have been met prior to commencement of works. This includes all risk assessments and operator training.
5.1.2. The irrigation Contractor shall undertake to install all equipment including pipelines, valves, sprinklers, drip emitters, control cable and electric power cable, exactly as per manufacturers recommendations and within all national and local regulations / bylaws including all National directives, electrical harmonics, and work regulations.
5.1.3. Sprinklers and drip lines must be installed as per final indicative layout plans; final positions subject to exact planting arrangement. If the irrigation Contractor has any doubt he should seek advice from either the Employer or his representative prior to installation of that product.
5.1.4. Should the irrigation Contractor at any time have failed to meet the requirements set out, he shall either re-install the equipment or replace and re- install the equipment at his own cost. This includes improper emitter / sprinkler / drip line staking and mainline pipework.
5.1.5. The irrigation Contractor shall make available his work for regular inspection. The passing of the work by the Employer or his representative shall not be eptance of the standards. The Employer or his representative does not ept liability for faulty installation / poor workmanship on behalf of the irrigation Contractor.
5.1.6. Any work that fails to meet an eptable standard within the installation warranty period will be re-done.
5.2. PIPE INSTALLATION
5.2.1. All pipelines shall be new and unused prior to installation and conform to the relevant national standards.
5.2.2. Pipelines installed into trenchlines will be placed only onto level bases; bases shall be periodically inspected and at the Employer or Employer's representative's discretion be levelled to meet the requirements at the irrigation Contractors expense.
5.2.3. Pipes that require clipping to the underside of slabs / to be taken through buildings shall be undertaken exactly as per manufacturers instructions, with insulation (to prevent condensation), and necessary bellows for flexibility / joint movement.
5.2.4. All pipelines and joints shall be installed as per manufacturer's instructions. Under no circumstances shall the pipe exceed manufacturer's recommendations for curvature or be bent / re-heated by the irrigation Contractor during installation. Routing shall be as per final Contractor submitted layout plan; where routing changes due to ground conditions or layout changes, the Employer or his representative shall be consulted prior to installation in order to check the hydraulic implications. Deviation from specified routing is not permitted unless agreed prior to the installation of the pipe.
5.2.5. Services must be clearly marked by the irrigation Contractor prior to the commencement of pipe installation operations.
5.2.6. Pipe coils shall be stored and handled in ordance with the manufacturer's minimum recommendations. All coils shall be unwound in a pipe trailer.
5.2.7. The irrigation Contractor shall thrust all direction changes / valve positions in ordance with manufacturer's recommendations. Backfilling shall not take place until thrust blocks have set.
5.2.8. Pipeline routes shall be marked out by the irrigation Contractor. If marked out by the irrigation Contractor, work cannot begin until the routing has been agreed by the Employer or his representative. The irrigation Contractor should include the necessary time allocation for marking out within his price.
5.2.9. Any agreement as made by the Employer's representative does not relieve the irrigation Contractor of his responsibility in ensuring that he installs a system to the Employer's requirements.
5.2.10. The irrigation Contractor shall liaise with the main Contractor regarding all building routing / required pipeline penetrations / ducts / crossings / wall penetrations, particularly slab penetrations which shall be undertaken by the main Contractor under the direction of the irrigation Contractor using puddle flanges or equal approved product. Rising mains within buildings shall be routed by the site engineers and the irrigation Contractor; the irrigation Contractor is responsible for installation of these pipelines.
5.3. TRENCHING OF IRRIGATION PIPEWORK
5.3.1. Any excavation works shall be undertaken with prevalent Health & Safety standards in operation. All trenchlines shall be marked and fenced / marker taped to, as far as is practicable, minimise any risk to Health & Safety of the public, or the Contractor's employees.
5.3.2. Lateral pipeline trenchlines shall be 40 cm.
5.3.3. Trenchlines shall be deep enough to ensure 500mm cover from the top of the pipe radius to finished ground level. It is anticipated that all mainline and pipework will be trenched into position.
5.3.4. Any existing pipelines / Services shall be crossed with due care and diligence ording to any / all local bylaws and the main Contractors clearance prior to work around the pipeline (including drainage pipes).
5.4. EXCAVATION
5.4.1.  All trenchlines shall be kept free of water / debris. Lengths of opened trenchlines shall not exceed 100 metres at any one time. All trenchlines shall be excavated with sound construction practice in evidence.
5.4.2. During excavation topsoil and subsoil shall, as far as is practicable, be separated and stored on ground sheets, any areas of fine turf excavation shall be sheeted where necessary. Machinery if working within fine turf / planted areas shall be operated upon boards; this will be at the discretion of the Client / Client's representative.
5.4.3. If repair trenchlines are to be excavated in areas of closely mown turf / tree / shrub planting, it shall be the responsibility of the irrigation Contractor to strip the planting material before trench excavation and to reinstate the planting material after pipeline / cable installation. The planting materal shall be maintained in good condition by the irrigation Contractor during its removal from the trenchline route, if this is not undertaken then the Contractor shall be responsible for the supply of suitable replacement (all above applicable to re- visit / repair).
5.4.4. All trench bases will be level and free of sharp, irregularly shaped objects. The pipeline / ducts will be placed into the trenchlines as per manufacturer’s recommendations. Pipes that are left open ended at the termination of the day shall be capped to prevent the ingress of debris. Upon installation, pipelines / ducts shall not exceed manufacturers stated angle of maximum curvature.
5.4.5. Any thrusting blocks required will be undertaken by the Contractors ording to the manufacturer's recommendations / specification. Misshapen or damaged pipe coils shall not be cut into smaller sections and re-used. Any pipe fitting that is installed and found to be faulty / outside of eptable specification will be replaced by the irrigation Contractor at his own cost.
5.4.6. After installation of the pipeline / duct / tape / signal cable and associated pipe joints, backfilling shall take place. Backfilling shall initially be undertaken by hand and then mechanically if by approved methods. Backfill shall be mechanically compacted to achieve a firm finish that minimises settlement.
5.4.7. The trenchlines shall be backfilled until finished level is achieved - level to be equal to surrounding ground. Excess spoil shall be removed by the irrigation Contractor to an agreed on site storage area as work progresses. Any trenchline settlement will be made good by the irrigation Contractor up to a period of 12 months from handover.
5.4.8. Backfilling around pipe joints / valves and other reasonably delicate products shall be done with care to avoid undue material stress.
5.4.9. It will be the irrigation Contractor's responsibility to ensure that all pipe / cable is installed and backfilled with a suitable friable material, free of large stones, and sharp objects. The irrigation Contractor will include within this price a sum for the use of a specialised pipe bedding material to a depth of cover equal to 75mm over the pipe and cable. It is the irrigation Contractors responsibility to ensure that the ground conditions are suitable / unsuitable for direct backfilling of trenchline spoil. Completion of this document indicates that the irrigation Contractor has assessed the ground conditions. Rock trenching clauses will not apply; rock trenching if required will be included within the irrigation Contractor's installation rate. The irrigation Contractor shall inspect the site and satisfy himself regarding this clause.
5.4.10. Pipelines installed within paving areas (between slab / paving etc) must be ducted into position. Ducts shall be a minimum of 100mm diameter.
5.4.11. All pipeline routes / sizes shall be agreed prior to installation by the Employer or his representative.
5.4.12. Lateral pipelines (after solenoid valves) / tapes shall be installed to a depth of 400mm from finished ground level to the top of the pipe radius, up to distribution products.
5.4.13. Lateral pipe ducting / clipping / penetrations shall be undertaken / provided by the irrigation Contractor whilst liaising with the main Contractor. A licence to dig will be gained by the Contractor prior to excavation.
5.5. VALVE INSTALLATION
5.5.1.  Pressure regulation, drain, air and solenoid valves shall be by a valve box. The box will be large enough to provide unhindered ess to the valve. All boxes will be supported on brick blocks to prevent damage to the irrigation pipe / cable.
5.5.2. Backfilling of holes shall be as per trenching techniques and the irrigation Contractor shall be responsible for reinstatement. Any subsidence or sinkage is the irrigation Contractor's responsibility for a period of up to 12 months after handover.
5.5.3. All chambers will have a textile membrane installed within the base, complete with a 50mm layer of pea gravel (or equal) above the membrane. All valve chambers will be installed at approximately 10mm below finished ground level and located on stable level ground in a free draining position. The irrigation Contractor is, unless otherwise directed, responsible for the final valve box position. Solenoid valves shall be installed at a suitable location away from the throw of the sprinklers and not in the way of either pedestrian or maintenance machinery.
5.5.4. All isolation valves will be installed within their chambers in a normally closed position, as per valve manufacturer’s recommendations (use of thrusting block etc).
5.5.5. Drain valve and air valve positions are subject to land contours.
5.6. DRIPLINE INSTALLATION
5.6.1.  Driplines / drip emitters shall be installed by the irrigation Contractor at the required site specific spacing (as per plant spacing). They shall be installed as per manufacturer's recommendations with regard to bank / angle & slope with regular flushing during installation to remove debris. Run lengths shall not exceed the maximum stated by the manufacturer.
5.6.2. Driplines shall be laid into place on the soil and staked prior to mulching (mulching by others).
5.6.3. Driplines will be run off a sub main header where applicable. This will be sized within flow velocity restrictions and as per dripline, staked into position. Driplines shall be tested visibly prior to mulching to ensure satisfactory operation.
5.6.4. Kinked or damaged pipe shall not be installed or re-used by the irrigation Contractor.
5.6.5. An end crimp shall be fitted where necessary to close each end of line.
5.6.6. The Employer or his representative, reserve the right to check spacings of driplines and if applicable instruct the irrigation Contractor to re-install these correctly. 
All necessary wall / planter / paving penetrations shall be identified by the irrigation Contractor whilst liaising with the main Contractor and shall be ducted; planter penetration arrangements shall be the responsibility of the irrigation Contractor.

5.7. MANUAL WATERING POINTS - QCV'S
5.7.1. 1" manual watering points shall be installed directly into the ground at finishedgrade - installed exactly as per manufacturer's instructions and mounted onto a 3-way 'O' ring sealed swing joint riser. Excavation and reinstatement around these shall be as sprinkler installation.
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5.8. SHRUB / TREE DRIP INSTALLATION
5.8.1. The irrigation will be done after the shrub installation and before the last mulching / fill.
5.8.2. Drip lines should be laid spaced along the distribution pipeline to around of the trees.
5.8.3.  The Irrigation Contracting will ensure that the final area reaches the root zone of the trees, effectively attracting the soil area.
5.8.4.  The lateral distribution pipe must be washed before the last connection.
5.8.5. The employer or his representative reserves the right to control the stability and number of installed tubes, the irrigation contractor to tell the tubes to re-establish.
5.9. SPRINKLERS / QCV'S
5.9.1.  All sprinklers / QCV's shall be installed on 3 way 'O' ring sealed swing joint risers or swing riser pipe depending upon sprinkler type. The risers shall be installed in such a manner that sprinklers can be adjusted to level with a height range.
5.9.2. The irrigation Contractor must state his method of connection of swing joints onto distribution pipelines; preferred methods utilise compression tees - thread outlet rather than saddle clamps.
5.9.3. If swing joints are installed without the sprinkler, then the irrigation Contractor shall ensure that all swing joints are capped to prevent the ingress of soil etc. If the irrigation Contractor believes this will be necessary, he should include for this within his bid. Extra charges for this will not be considered.
5.9.4. The irrigation Contractor shall, unless otherwise indicated, mark sprinkler positions for approval by the Employer or his representative and be responsible for efficient coverage.
5.9.5. Topsoil and subsoil shall be separated on excavation. Soil shall be stored on ground sheeting. Excess spoil shall be removed to a suitable storage area on site.
5.9.6. The sprinklers shall be installed and mounted upon a swing joint. Backfill shall be compacted by hand to a depth ready to ept top soil.
5.9.7. Sprinklers / QCV's should be installed flush to surrounding ground level or as per manufacturer's instructions. Any settlement / re-levelling of the sprinkler will be the responsibility of the irrigation Contractor up to 12 months after the date of handover.
5.10. CONTROL SYSTEM
5.10.1. All control system equipment shall be installed exactly as per manufacturer’s requirements and as per any relevant national codes of practice and byelaws, particularly electrical.
5.10.2. The control system shall be installed within the designated areas with a controller allocated realm area. The irrigation Contractor shall include all necessary cables, ducting, and clipping where required. Any temporary connections into existing cables shall be made with approved products. The control system shall be commissioned by Hunter / Rainbird and the Contractor shall make full allowance for this item. All cables shall be provided / approved by Rain Bird / Hunter.
5.11. SIGNAL CABLE / POWER CABLE
5.11.1. Signal / power cable shall be installed in such a manner that ensures that it is not stretched / scraped / damaged / laid down under tension. The cable will be installed within suitable 100mm ducts with necessary draw points as required. All cable joints will be made ensuring that at least one metre of cable is slack. Signal cable shall not be installed as a ring main. Cable plans shall be provided prior to installation for approval.
5.11.2. All cable joints shall be housed in a chamber. If not with another irrigation product, then a separate chamber shall be made available.
5.11.3. Cable joints shall be made by using grease filled caps and 3M DBY / DBR joints or approved equal (proof of approval for this type of installation shall be required).
5.11.4. Cable shall be laid to a minimum depth of 400mm in mainline trenchlines and 200mm in lateral trenchlines (where required, and where possible).
5.11.5. Crossing of signal cable at right angles should be avoided wherever possible. 
5.11.6. Cables that are clipped into position shall be suitably protected by conduit / ducted.
5.11.7. Signal cables shall be tested during installation to ensure that there is no earth leakage and that continuity is present.
5.11.8. Cables shall be tested in sections and the results noted and kept for inspection. Cables shall be manufactured and supplied by the irrigation control system manufacturer.
5.11.9. Services must be clearly marked / identified by the irrigation Contractor prior to the installation of the signal cable.
5.11.10. All electrical supply works carried out by the irrigation Contractor shall be to local bylaw eptance and shall conform to all state / local safety directives, including voltage drop and testing certificate. All power supply cables to satellites shall be steel wire armoured and where necessary shielded cables or ducts will be provided by the irrigation Contractor. Voltage drop shall be calculated by the irrigation Contractor and checked by the control system manufacturer, all in line with current IEE regulations.
5.12. CONTROL SYSTEM
Control equipment shall be installed exactly as per manufacturer’s specification; all electrical works from the power supply to the distribution point shall be carried out by the irrigation Contractor inclusive of necessary cable and switch fuses - all to IEE regulations. Power to this point of connection shall be supplied by others.
5.13. FLUSHING OF SYSTEM
The irrigation Contractor shall flush the installed irrigation pipe system at regular available opportunities. It is the irrigation Contractor's responsibility to ensure that all pipelines, valves and sprinklers are free from debris. Any equipment that fails due to blockage shall be replaced by the irrigation Contractor at his cost.

5.14. TESTING
5.14.1.  It shall be the irrigation Contractor's responsibility to test the system as work progresses. The provision of equipment necessary to test the system is the responsibility of the irrigation Contractor.
5.14.2. Pressure testing shall be carried out after backfilling; sections of the mains / lateral pipework will be tested for leaks and static pressure loss. Testing procedures shall be recorded and results noted. 
5.14.3. Sprinklers / valves shall be operated for at least 30 minutes during the testing period to ensure correct arc setting, speed of rotations, pressure continuity and operating pressure. The irrigation Contractor shall balance the system during a full cycle to ensure pressure settings at each station are correct. The Employer or his representative reserve the right to randomly check the pressures prior to eptance.

5.14.4. The control system shall be tested at each station for a minimum of 30 minutes. Prior to the final inspection and handover, the system will have performed two full trouble-free run sequences, the irrigation Contractor ensuring that each station functions both electronically and hydraulically to the full.
5.14.5. The irrigation Contractor is responsible for the setting up and programming of the control system to the Employer or the Employer's representative's satisfaction, including hydraulic branch flow allocation.Any repairs or leaks shall be made good by the irrigation Contractor at his expense prior to handover.
5.14.6.  The irrigation Contractor shall be responsible for the operation of the irrigation system until full handover and eptance. The date for eptance / handover is subject to final inspection / approval by the Employer or Employer's representative, but generally shall be as per the finish date stipulated in the contract terms.
5.15. RESPONSIBILITY
5.15.1. During the irrigation contract, the irrigation Contractor shall keep a technically qualified operator on site at all times to repair leaks or failed components. If repair is not undertaken immediately, then the irrigation Contractor shall be responsible for the manual application of water preventing damage to the designated area.
5.15.2.  If work should stop on site prior to completion, the irrigation Contractor shall ensure that materials are kept on site so that repairs can be made to the equipment and that staff remaining on site are adequately trained in the repair of these faults.
5.15.3.  If the repair is due to negligence or poor installation, the irrigation Contractor shall bear the expense of the repair.
5.16. DAMAGE

5.16.1. The irrigation Contractor shall be responsible for any damage that occurs to planted / seeded / constructed areas due to irrigation system failure (in- operation / washout / flooding / deep erosion).
5.16.2. The irrigation Contractor shall undertake the cost of irrigation works and corrective ground works including re-planting / re-shaping. The groundworks will be undertaken by a qualified person or persons and charged by the Employer to the irrigation contractor.
5.16.3. Should irrigation works be damaged by persons other than the irrigation contractor, then the repair shall be made by the irrigation contractor after instruction in writing from the Employer.
5.17. HANDOVER / FINAL INSPECTION
5.17.1. The irrigation Contractor shall inform the Employer / Employer's representative at least …. days prior to the final system inspection.
5.17.2. Final system inspection will involve the proof and witness of station operation, control system operation and the supply of the as laid plans.
5.17.3. Subject to the correct operation of the system and, if necessary, subsequent repair of failures, the system shall be approved as satisfactory by the Employer or his representative in writing. This may be conditional upon the completion of a snag list.
5.17.4.  Corrections / repairs to the system will be done by the irrigation Contractor within one week of this document - Snag List.
5.18. SITE CLEAN UP
5.18.1.  At all times it is the irrigation Contractor's responsibility to ensure that the site remains clear of debris and rubbish. He shall remove his offices, machinery, surplus materials, etc within 2 weeks of handover. The Employer will reserve the right to charge storage for these items after this period.
5.19. GUARANTEE
5.19.1. Following written eptance of the system, the irrigation Contractor shall guarantee the system for a period of ……. years, and include a full spare parts package, including a minimum of 15 each of all these used emitter components and solenoid valves.
5.19.2. This guarantee will be applicable to component failure through improper installation, faulty workmanship or general component failure due to a manufacturing defect.
5.19.3. The irrigation Contractor is not liable to effect the repair if it is found that the fault is due to negligence or improper use by the Employer or indeed acts of vandalism / misuse by a third party.
5.20. MARKING OUT AND OPERATIONS MANUALS
5.20.1. The irrigation Contractor is responsible for the supply and installation of the irrigation system so that it will correctly irrigate the areas required within the product parameters. Attention to specific plant locations and their water requirements must be observed.
5.20.2. The irrigation Contractor shall mark the sprinklers / emitters using approved techniques and shall be fully responsible for the uniformity of coverage for all installed / selected products.
5.20.3. Mainline pipe routing shall generally be as per irrigation plans, however lateral pipelines will need to be adjusted to suit final planting arrangements. The Employer or his representative reserve the right to change the route and or pipe depth if required. Changes shall not affect the price, unless agreed in writing prior to the work being undertaken.
5.20.4. The irrigation Contractor may also, after written instruction from the Employer, alter the route of the pipelines to avoid obstacles - as long as the hydraulic integrity of the design is not compromised.
5.20.5. As installed and as marked products will be identified by flags and posts until that area is complete.
5.21. OPERATIONS & MAINTENANCE MANUALS
The irrigation Contractor shall supply the Employer with sets of O & M Manuals at the time of final inspection / handover. This is in addition to all the training required by the Employer to ensure a safe and understanding knowledge of the as installed irrigation system. Training shall be undertaken both prior to and after handover, until the Employer or his representative is satisfied.

5.22. HEALTH&SAFETY PLAN
The irrigation Contractor shall also provide full training on each and every aspect of the irrigation system over a period of time eptable to the Client.

5.23. HEALTH & SAFETY REQUIREMENTS
5.23.1. The irrigation Contractor will be responsible to fulfil his required duties.
5.23.2. The irrigation Contractor shall not commence any site works until his safety plan and method statement has been issued and approved by the planning.
5.23.3. All suppliers, contractors and designers appointed by the Employer shall undertake their own Health & Safety regulation obligations which include liaising with designers, contractors, principle contractor and planning supervisor with relevance to all Health & Safety matters, and with this in mind the principle contractor shall ensure that all his suppliers and sub contractors comply with this requirement. 
5.23.4. The irrigation Contractor is responsible for the identification and marking of all underground services. Surveys for these must be completed prior to the commencement of works.
5.23.5. The irrigation Contractor is responsible for the identification and marking of all overhead services.
5.24. INSURANCES
5.24.1. The irrigation Contractor and his employees shall be covered by suitable policies such as public, professional and employer’s liability insurance.
5.24.2. It is the irrigation Contractor's responsibility to indemnify against all damages received or sustained by persons as a result of undertaking the works through negligence, consequence, improper management, ground conditions, weather, neglect or defective materials.
5.24.3. The irrigation Contractor shall be liable for all costs arising out of claims or actions which may be brought against the Employer or Employer's representative by the above.
5.25. PROGRAMME OF WORKS
15 days prior to the start of the project, the irrigation Contractor shall issue his full programme of works to the Employer or his representative.
5.26. METHOD STATEMENT
The irrigation Contractor is responsible for the issue of required method statements associated with his activities prior to the commencement of works. 

5.27. GENERAL PUBLIC
The irrigation Contractor must identify all measures necessary to protect the general public within his operations. This includes preparation of risk assessments, method statements and provision of signage and hoardings indicating the hazard and, where possible, creating segregation.



