642 - 3
642 - 4
CS-AZ-88
Construction Specification 
CS-AZ-88	Pump

1 Scope
The work shall consist of materials and installation of a pump, motor and pump control system that is capable of operating within the specified operating ranges (minimum/maximum pressure and flow rate), as well as the required foundation work and/or pump cover as detailed in the drawings.

2	Materials
All equipment and materials shall be new and shall bear the manufacturer’s name and trade name. In cases where a standard has been established for the particular material, the material shall be so labeled. The equipment to be furnished shall essentially be the standard product of a manufacturer regularly engaged in the production of the required type of equipment for this type of work and shall be the manufacturers latest approved design. 

Steel Pipe and Fittings– Galvanized steel pipe, Schedule 40, reamed and threaded shall conform to Material Specification MS-AZ-554, Steel Pipe. Exposed steel surfaces shall be protected from corrosion by galvanizing, painting or other approved coatings, per Material Specifications MS-AZ-582, Galvanizing, and MS-AZ-583, Coal Tar-Epoxy Paint, respectively.

Plastic Pipe and Fittings– Polyvinyl chloride (PVC) pipe with couplings of equal quality shall be PVC 1120, Schedule 80, conforming to Material Specification MS-AZ-547, Plastic Pipe. PVC pipes used for drop pipes in well applications shall be pressure rated pipes SDR series per ASTM D2241, AWWA C900, or PVC 1120, Schedule 80 conforming to ASTM D 1785. Polyethylene (PE) pipes used for drop pipes in well applications shall be SIDR-PR per ASTM D2239. Both PVC and PE drop pipes shall meet the pressure ratings based on the pumping depth and the system requirements.

Concrete – Concrete shall conform to Material Specification MS-AZ-530, Concrete.

Timber – All timber shall meet the requirements as contained in Material Specification MS-AZ-584, Structural Timber and Lumber.

3	Performance and selection
The pump shall be within the performance limits identified on the drawings, i.e. discharge volume (GPM) and head (feet). The pump, motor and control unit shall be installed in accordance with the manufacturer’s recommendations.

The pump manufacturer, model number and pump curve shall be submitted for approval to the NRCS representative 14 days prior to purchasing or installing the pump. No installation shall commence without the approval of submittals by the NRCS technical representative.

All major components shall be warranted by the manufacturer to be free from material or workmanship defects for a minimum of one year. Warranty certificates, spare parts lists, service bulletins/manuals, and instructions covering the operation and maintenance of the equipment shall be furnished by the Installer to the landowner upon completion of the installation.

4 	Codes, Wiring and Schematics
Electrical equipment, materials and workmanship shall comply with all applicable codes, safety and fire law regulations at the location of the work and shall conform to applicable codes and standards of the following organizations: National Electric Code (NEC); National Electrical Manufacturers Association (NEMA); American National Standards Institute (ANSI); Underwriters Laboratories (UL 508); International Electrotechnical Commission (IEC).

All electrical equipment including electrical motors and panels shall be grounded and provisions shall be made to ensure operator safety (per UL508A safety standards). All terminals or panels with circuits carrying greater than 50V shall be ‘finger-safe’, i.e. safety shields over exposed terminals.

Unless otherwise specified by the manufacturer, all control circuit wiring inside the panel shall be 18 gauge (AWG) minimum, type MTW or THW, rated for 600 volts. All power wiring shall be 12 gauge (AWG) minimum rated for 600 volts. Conductors shall be color-coded using the same colors throughout the entire panel. Control circuit wiring shall be organized in snap-cover raceways. All wires shall be individually numbered or labeled at both ends. All wiring shall be done in a workman-like manner.   

All power input and output points of connection shall be clearly labeled. A detailed color schematic showing all control and power circuits shall be affixed to the inside of the panel door. For Variable Frequency Drives, a label displaying pre-programmed factory settings such as pressure set point shall be affixed to the inside of the panel door.

All electrical circuits shall be protected by molded case circuit breakers. Each pole of the breaker shall provide inverse time delay overload protection and instantaneous short circuit protection by means of a thermal magnetic element.

The breaker shall be operated by a toggle-type or rotary handle and shall have a quick make, quick break switching mechanism that is mechanically trip free from the handle. Tripping due to overload or short circuit shall be clearly indicated by the handle automatically assuming a position midway between the manual “on” and “off” position. Breakers shall be completely enclosed in a molded case and shall bear the UL label. The short circuit interrupt capability shall exceed the fault level (Isc) of the incoming power. The circuit breakers shall be mounted on the sub-panel of the enclosure with the operating handles mounted through the door and capable of being locked in the OFF position. The handles will interlock with the door mechanism, only allowing the door to open when the breakers are in the OFF position.  

5	Site preparation and location
Site preparation shall be in accordance with applicable Arizona Construction Specifications.

Installation of pumping plant shall be done in such a manner that erosion and air and water pollution are minimized and held within legal limits. The owner, operator, contractor or other persons will conduct all work and operations in accordance with proper safety codes for the type of construction being performed with due regards to the safety of all persons and property. The completed job shall be workmanlike and present a good appearance.

Site selected for the installation of all pumping units shall have level ground as much as possible. If not naturally level, the site shall be leveled to the grades as shown in the approved plan. 

6 	Pump and motor assembly
General Purpose Units – Select turbine or centrifugal pump and motor units for common conservation practice applications with lightning arrestors as an integral part of the motor or separately mounted.  

Windmill and Pump Jack Units – Windmill and Pump Jack pumps shall meet the following minimum criteria:
a. The pump or sucker rod shall consist either of a ¾-inch diameter, hollow or solid, galvanized steel rod or a 5/8 inch diameter fiberglass rod and integral couplings. Suitable adapters will be included when required to make connections to the cylinder plunger and the polished rod. The pump rod shall be installed to the depth specified on the drawings. Rod sections shall be straight and true and in lengths appropriate for the installation. The mid-shaft reconnection shall be achieved by threading and coupling, electric welding, or other approved method. Pump rod couplings shall be offset from the column or drop pipe couplings.
b. The drop pipe shall consist of galvanized pipe, reamed, threaded and complete, with long couplings having the same quality as the pipe. The drop pipe shall be installed to the depth specified on the drawings and shall have the pipe ends reamed to remove burrs prior to installation. The well cylinder barrel shall be fitted to the drop pipe prior to insertion into the well. The drop pipe shall be fitted with a final coupling, short nipple, tee, and another short nipple, all above the well seal. The uppermost nipple shall be fitted with suitable fittings to receive the stuffing box. An automatic bleeder valve will be installed in the drop pipe 4 feet below the ground surface to drain the drop pipe to prevent damage from freezing.
c. The stuffing box (pump jack units only), with fitting cap, packing, and brass or steel rod, shall be heavy duty and meet the dimensions and pressure rating shown on the drawings. The piston (polished) rod, stuffing box, and pump rod shall be compatible as to thread type and size. The polished rod, brass sleeve, and stuffing box shall be fitted and assembled in accordance with the manufacturer’s instructions. The polished rod/pump rod/plunger assembly shall be raised a minimum of 6 inches, or at a manufacturer specified distance, above its lowest position in the well cylinder, and the guide stop shall be locked in this position.
d. The well cylinder assembly shall be an open top, brass-lined galvanized or brass cylinder having an inside diameter, barrel length, and pump stroke as shown on the drawings. The cylinder assembly will include a three-or four-leather plunger with a stainless steel or brass ball valve and a matching single or double leather check with a stainless steel or brass ball valve.
e. The polished rod assembly (pump jack units only) shall be a ¾-inch-diameter polished steel core rod, fitted with a 24- inch-stroke-length brass or steel polished rod sleeve. The assembly will include a stuffing box having appropriate dimensions and suitable threaded adapters to fit the drop pipe and polished rod sleeve. The final overall length shall be such as to expose approximately 4 inches of the polished rod brass sleeve above the stuffing box when in the low rod position.

Electric Submersible Pump – The drop pipe diameter, type, and length shall be as shown on the drawings. Check valves shall be Dynofoss Flowmatic No. 80 or approved equal.

Torque arrestors shall be required for all electric submersible pumps installed in a well with plastic casing. Torque arrestors shall be Harvard TA 48 or approved equal. Install at least one torque arrestor around the pump pipe just above the pump. Additional torque arrestors may be installed if recommended by the pump manufacturer. Method of installation of a torque arrestor may vary slightly depending on the manufacturer; therefore, the contractor shall follow the manufacturer’s instructions for installing this component.

7	Installation
Windmill – The wind-driven mill shall be complete (including oil), with sail wheel and tail assembly having automatic and hand operated furl capacity. The mill shall be self-oiling, with replaceable bearings and parts. The size of the mill shall be as specified by the manufacturer or supplier or shown on the drawing. Upon completion of the installation, the fins are to be parallel to the tail and inactive and the brake set to avoid dry pumping or movement.

The tower shall be a new Dempster, Aeromotor, American West, or designed, approved and sealed by a licensed engineer, and shall be installed, anchored and inspected in accordance with the manufacturer’s recommendations, the designer’s instructions and these specifications and drawings.

The contractor shall excavate and form the windmill tower foundation per the manufacturer recommendations. The tower anchor posts shall not be used as an anchor or fulcrum in lifting the windmill or tower. Extreme care shall be exercised in attaching the tower to the anchor posts. In the event the anchor posts are bent, sprung, or otherwise damaged during installation of the tower or mill, they shall be replaced at the Contractor’s or installer’s expense.

Each tower and mill shall be set in a plumbed vertical line over the centerline of the well casing. The Contractor shall test the plumbness of the installation by hanging a plumb bob from the pump rod connection of the windmill. When the tower is in alignment, the plumb bob will fall in the well casing, without touching it.

A pump pole or chain attachment of sufficient length shall be installed between the windmill and the pump in accordance with the manufacturer’s instructions.

Pump Jack – The pump jack shall be installed in accordance with the manufacturer’s recommendations, and as shown on the drawings. The unit shall be an enclosed, non-worm gear jack with motor unit. Each unit shall be of the size and type described on the drawings.

Internal combustion power plants shall have the minimum specified continuous rated output horsepower at the corresponding rated speed of the pump jack.

Each pump jack shall be set in a plumbed vertical line over the centerline of the well casing.  The Contractor shall test the plumbness of the installation by hanging a plumb bob from the pump rod connection of the pump jack. When the pump jack is in alignment, the plumb bob will fall within the well casing, without touching.

Electric Submersible – The Electric Submersible pump shall be a 220-volt, 60-hz, single or three-phase conventional Electric Motor meeting NEMA Standard MG-1. The submersible pump and motor shall have stainless steel or bronze impellers. The motor shall have sufficient power to efficiently and continuously operate the pump at the listed capacity and head without exceeding the normal horsepower rating. The service factor shall apply to infrequent short overloads. The motor shall also be provided with a watertight plug-in-type lead connector.

Unless written approval has been obtained from the manufacturer, submersible pumps which are not immersed in water shall not be energized for more than 3 seconds, nor shall the unit be energized within 10 minutes of the previous event.

The conductor (power cable) supplying the motor shall be of a type suitable for the application, with adequate strength for the length of cable vertically supported in the well. The cable shall be furnished in one continuous length within the well, and it shall be new neoprene-jacketed vulcanized submersible pump cable. The conductor insulation (Type RHW, rugged heavy wall) shall be bonded to the conductor.  The cable shall be sized to limit the voltage drop to no more than 3 percent at the motor terminals, and shall be not less than American Wire Gauge (AWG) No. 12 cable.

Electric conductors of submersible pump shall be clamped and or taped to the drop pipe to avoid potential entanglement of the conductor. Conductors 8 gage or heavier shall be first taped with a protective cover of 4 turns of NSF-61 approved 2-inch tape and, then, a stainless steel clamp placed over the tape to make a tight fit. For lighter conductors, only taping with 4 turns of NSF-61 approved 2-inch tape is required. The clamping/taping location for steel and PVC drop pipes shall be just above the pipe coupling joints. Maximum spacing of clamping and or taping shall not exceed 21 feet for all types of drop pipes.

The electrical cable for submersible pumps shall be double insulated and shall be rated for submersible pump service. Portable systems shall employ a mechanical, weatherproof splice to connect the electrical drop cable to the pump motor. The drop cable for permanent systems shall employ a weatherproof splice made with crimp style butt connectors. In either case, the lead connected to the motor shall be factory installed and the lead connected to the drop cable shall be field installed. The splice shall be located above the static water level, or made waterproof.

No splices will be permitted in the drop cable between the motor splice and the surface control unit.  Splices at other locations shall be as recommended by the manufacturer.

The Contractor shall carefully lower the drop pipe, taking care not to drag the conductors over the casing or allow the conductor to become pinched. As the drop pipe is lowered into the well, the Contractor shall check continuity and resistance at each joint with an ohmmeter to determine if damage to the cable has occurred.

The well seal shall be a split-base, single-hole style with expanding seal that will fit the well casing and the drop pipe. The seal will be of suitable strength to support the specified drop pipe and cylinder weight, including a reasonable safety factor. The seal shall have an access tapping and plug.

8	Suction and discharge system
Gates, valves, pipe connections, suction pipe, discharge pipes and other accessories and appurtenances shall be of adequate size for the pump and perform satisfactorily. Pipe shall be resistant to the environment in which it is placed, including but not limited to painting or galvanizing of plastic or steel pipe. All paint materials shall be applied according to manufacturer’s recommendations. If the manufacturer’s recommendations are not available, follow Arizona Material Specification MS-AZ-582, Galvanizing, or MS-AZ-583, Coal Tar-Epoxy Paint, which can be supplied by the NRCS representative.

The pumping schematic shown on the drawings shall be used unless an alternative schematic is approved by the NRCS representative prior to installation.

Suction bays (or sumps) shall be designed to conform to the hydraulic characteristics established by the pump manufacturer.

The discharge bay or connection with the distribution system shall meet hydraulic and structural requirements. Provisions for repair or removal of pumps and engines shall be provided. Trash racks shall be provided, as needed, to exclude debris and trash from the pump.

Threaded joints shall be properly lubricated prior to final installation.

Where the well discharge pipe is below the ground surface, a pitless unit and adapter may be used to connect the discharge pipe from the well to the casing below the frost line. If a pitless adaptor is utilized, the outside section of the adapter shall connect onto the well casing below the frost line. The adapter shall be connected to the casing by clamp-and-gasket or by welding. The casing shall extend a minimum of 12 inches above the ground. The Contractor shall cut a hole in the casing at the location specified for the horizontal discharge line or adapter.

9	Foundation
The pump platform or foundation shall be of the materials and to the dimensions shown on the drawings or as recommended by the pump manufacturer. The pump shall be adequately anchored to prevent excessive vibration.

10	Pump housing or shade unit
If specified by the NRCS or the pump supplier, the pump, motor assembly and/or electrical panel shall be protected from the rain and sun with a pump house or shade roof. The structure shall be constructed with durable materials such as wood or steel. The structure shall allow clearance or provisions for ventilation and maintenance around the motor and/or pump. The structure shall be positioned to protect the motor from the mid-day to late afternoon sun.

Fencing, or other protective structures, shall be as shown in the construction drawings. The enclosure must allow access to all system components for service and maintenance.

11	Power and control system
The power sources may be single phase or three-phase power lines, internal combustion engines, portable generators, electrical motors, photovoltaic arrays or other common sources. Power units shall be of adequate capacity for satisfactory pump operations. 

The shields or guard from the drive units shall be in place and properly secured. All electrical, mechanical, wind or solar power sources must have power components sized sufficient to produce the power needed to provide the pump with the performance level required on the engineering design drawings.

Control system shall be as recommended by the pump manufacturer and installation shall be as recommended by the control system manufacturer.

Photovoltaic (PV) Powered System – Design Documentation from the contractor or equipment vendor(s) shall be submitted for approval prior to the planned installation date. The design shall include a site plan, site specific mounting structure details and wiring details, site specific computations, operation and maintenance plan, and equipment manufacturer's literature.

PV Modules are the power source for a PV-powered pumping system. Several modules can be connected together in series or in parallel combination (called PV array) to supply voltages required by larger pumps. 

Each module shall be labeled by the manufacturer with rated open-circuit voltage, operating voltage, maximum permissible system voltage, operating current, short-circuit current, and maximum power. Modules must be assembled with seals capable of remaining watertight over a temperature range of -20°F to +120°F.  The modules must be certified to withstand winds of 80 mph, and the impact of one inch diameter hail at terminal velocity (American Society for Testing and Materials, ASTM  E1038) without damage. For each module, the Contractor shall provide to the landowner, manufacturer’s warranty that the system will perform within the requirements of this specification for a minimum period of ten years.

Module junction boxes shall be moisture resistant and shall have sufficient space for addition of bypass diodes. Boxes that accept conduit are preferred. Junction boxes shall be mounted to the PV module frame and not to the PV module surface.

The PV array mount shall be constructed from materials protected from corrosion as suitable for the environment at the site. The mount shall have a tilt angle range of 20° to 60° from horizontal, as a minimum.  

PV systems shall be fused as required by NEC. A controller of the type, as recommended by the pump manufacturer, shall be capable of protecting the pump from common faults, including low water (dry running), overload, and electrical short circuits shall be provided. The controller should be capable of providing flow or level control with the addition of a remote pressure or level control switch.

Other electronic components specified in the design shall be installed in accordance with manufacturer's recommendations and NEC requirements. Electronic components shall be located in a weatherproof enclosure with strain relief entrances, and mounted at a level for convenient access on the PV array mounting structure.

A DC rated switch or circuit breaker shall be provided as a means for disconnecting the array from the system per NEC requirements. The disconnecting device shall be located near the system controls and housed in a grounded weatherproof enclosure. All wirings shall be per manufacturer’s recommendations.

Variable Frequency Drive (VFD) – The VFD shall be a variable torque with pulse width modulated type. The VFD shall be designed for constant pressure, constant flow rate, or a combination of flow and pressure ranges to provide the desired operating conditions of the pumping system. 

The VFD shall be sized to the pump motor supplied by the Contractor or the existing pump and it shall be compatible with all equipment utilized at the pump station. The VFD shall meet the following requirements:
a. The VFD shall come standard with a 4-20mA input channel. The input signal shall be scalable from 0.0 to 999.9 and the displayed unit shall be selectable from: pressure, flow, and/or percent. The controller shall detect invalid sensor readings and open loop circuit and display a fault message. The analog input channel shall have a 0.1% resolution and incorporate noise filtering.
b. The VFD shall be sized to the motor Service Factor Amps (SFA) and not the Full Load Amps (FLA) for deep submersible well pumps. The efficiency rating shall be 95% or better across the full operating speed range. Each VFD shall account for all motor service factors, have a guaranteed ability to provide continuous output amperage of 15% greater than the maximum amperage required by the motor at a specified input voltage and have an overload current capacity of 120% for 1 minute.
c. The VRD shall be designed to operate within the following service and environmental conditions: 100% performance rating in the temperature range 0-40° Celsius; Cooling shall be provided if expected operating temperatures exceed 40° Celsius; 0 to 95% relative humidity, non-condensing; site specific elevation (i.e., 2,500 feet) without de-rating; and AC line voltage variation, -10% to +10%.
d. The VFD shall have the following pump and system protection: Low Pressure; High Pressure; Low Water Input (low suction pressure/low level); Broken Pipe; Loss of Prime; Dry Well; and Feedback Loss Alarm & Pump over-Cycling.
e. The VFD shall protect the motor and the drive against the following conditions: Output Phase Loss; Ground Fault; Motor Overload; Motor over-Temperature & Broken Shaft; Over Voltage; Input Phase Imbalance; Under Voltage; Phase Imbalance; and Short Circuit protection. These faults shall provide an orderly shutdown of the VFD with clear indication of the fault. The history of previous faults shall be stored in memory for future review. An automatic restart option shall be provide with a minimum 30 second time delay. This function permits automatic restarting after the drive controller detects a fault, provided that the other operating functions are correct, a run command is present, and the fault has disappeared. This shall be a function that is field selectable.
f. For installations where 3-phase power is not available, single-phase power shall be supplied to the VFD and the VFD shall convert the power to 3-phase. Extreme care shall be taken to properly size the VFD in phase conversion applications; it shall only be done in accordance with the manufacturer’s specifications. In all cases, a 3-phase motor shall be used.
g. The VFD shall be equipped with an interface keypad with START/STOP buttons and a display for the visualization of process and alarm status. The main screen shall display the set-pressure/flow rate, the actual pressure/flow rate (in psi/gpm), the motor current (in Amps), and the motor speed in (Hz) simultaneously. The keypad shall allow the user to navigate through the configuration menus and adjust set point values via the front keypad. The VFD setup shall be simple and shall not require the use of a laptop computer. The VFD shall be factory configured and tested to minimize field programming and start up time.
h. The VFD shall also be capable of having an acceleration or deceleration time, adjustable from 3 to 1800 seconds with override circuit to prevent nuisance trips if the deceleration time is set too short.
i. The control panel shall be capable of communicating to a central monitoring system via RS 232 or RS 485 port using MODBUS protocol. 
j. Relay contacts shall be rated for 10 amps at 300VAC. Relay sockets shall have screw terminals with self-lifting clamps and terminal identification numbers located at each connection on the relay socket. A “Motor Running” relay and a “VFD Ready” relay shall be available for user interface.
k. The VFD unit shall be protected from line voltage with a line isolation contactor that is interfaced with a digital voltage monitor. The digital voltage monitor shall be capable of detecting phase loss, phase reversal, phase unbalance and over/under voltage. The voltage monitor shall be wired to the line isolation contactor so that when any such conditions are detected the contactor breaks line voltage to the VFD. The line isolation contactor shall be fully rated for across-the-line starting of the motor and shall include appropriately sized overloads for the FLA of the motor. A lightning/surge arrestor shall be provided at the incoming power terminals to the control panel outside of the panel box. The unit shall be of the solid-state type and be able to clamp in five (5) nanoseconds and absorb up to 25KA peak surge current during an occurrence. The unit shall have a surge life expectancy of 10,000 occurrences at 200 amps. 
l. Each VFD shall be equipped with a factory-installed swinging choke capable of reducing total harmonics distortion by up to 25%. For VFD’s not equipped with a swinging choke, a 5% impedance line reactor shall be installed ahead of each VFD to reduce the effects of current and voltage harmonics. The VFD shall be sized such that the addition of the 5% line reactor does not reduce drive performance. All load reactors used for motor protection shall be designed and implemented per manufacturer’s recommendations.

The VFD shall monitor the sensor (pressure or flow rate) signal (4-20mA loop powered signal) and control the pump speed using the factory pre-programmed control points in order to maintain the desired operating condition.
a. In those systems where pressure is used as the controlling factor, the pressure transmitter shall be industrial grade and have a static accuracy of 1% of full scale or better. The pressure transmitter shall be two-wire loop powered and produce a 4-20mA signal proportional to the discharge pressure and be fully temperature compensated. No calibration of the transducer shall be required in the field. The connection shall be mounted vertically and in such a manner as to minimize the possibility of air accumulation between the transmitter and the discharge pipe. 
b. In those systems where flow rate is used as the controlling factor, the flow meter shall be industrial grade and have a static accuracy of 3% of full scale or better. The flow meter shall produce a 4-20mA output signal proportional to the discharge. No calibration of the flow meter shall be required in the field. The flow meter shall be connected to the pump discharge. Flow meter shall have an external power source that provides a consistent power supply.

Depending on the design and location of the pump station, the VFD shall be housed in one of the following enclosures: 
a. For indoor applications (defined as a VFD control panel mounted in a clean, insulated, temperature-controlled environment): In such applications, the described equipment shall be housed in a single NEMA 12 powder-coated steel enclosure of a wall thickness of not less than 0.075in. The enclosure shall be sized accordingly to allow easy access to components and provide adequate ventilation for VFDs. The enclosure shall also include louvers, filter fans, and/or air conditioning as required from VFD heat loss calculations and average ambient temperatures. All louvers, filter fans, and air conditioning units shall conform to appropriate NEMA and UL standards and must be mounted directly to the VFD control panel. Direct exposure of the VFD unit to un-filtered, outside air is not acceptable. Ventilation or cooling shall be adequate to ensure that the VFD does not operate above its rated ambient temperature rating.  
b. For outdoor applications: VFD units with external heat sinks that are designed to be flange-mounted on the exterior of a cabinet may be mounted in such a fashion. A dust-tight, flanged-mounted seal shall be maintained, and a NEMA 3R rated rain hood shall protect the external heat sinks. The mounting cabinet shall be a single NEMA 3R or NEMA 4 free standing, power-coated steel enclosure of a wall thickness of not less than 0.075in. The enclosure shall be sized accordingly to allow easy access to components and provide adequate ventilation for the VFD.  The enclosure may also include louvers and filter fans as required from heat loss calculations and average ambient temperatures. All louvers and filter fans shall conform to appropriate NEMA 3R or NEMA 4 or UL Type 3 or UL type 4 standards. Direct exposure of the VFD unit to un-filtered, outside air is not acceptable. Sun shielding of the enclosure shall be provided for on-site.
c. For outdoor applications: VFD without external heat sinks shall be housed in a single NEMA 4 free standing, powder-coated steel enclosure of a wall thickness of not less than 0.075in. The enclosure shall be sized accordingly to allow easy access to components and provide adequate ventilation for the VFD. The enclosure shall include water/air heat exchangers, glycol/water heat exchangers, or air conditioners as required from VFD heat loss calculations and average ambient temperatures. Additional measures such as painting the enclosure white, installing a sun shield, and adding insulation to the inside of the enclosure shall also be considered as to prevent the temperature inside the enclosure from exceeding the acceptable VFD temperature limits. All components used, or modifications made, to the enclosure to aid in cooling must conform to NEMA 4 and applicable UL standards.

Should air conditioning be required to properly cool the VFD control panel, the cooling output of the A/C unit must be controlled to ensure that the following conditions do not occur: overcooling of the VFD panel, freeze-up of the A/C compressor loop or excessive cycling of the A/C compressor. The A/C unit must be sized and rated to accommodate all environmental conditions including high and low temperature extremes, rodents, dust, etc.

If required by the local power provider, a full IEEE-519 harmonics analysis of the VFD installation must be performed.  Utilizing this analysis the VFD panel manufacturer shall determine the harmonics mitigation hardware necessary to fully comply with IEEE-519.  This shall include the use of a line reactor, harmonics kit, phase-shift transformer, or other appropriate hardware approved for this application.  Upon request, the VFD panel manufacturer shall make available their IEEE-519 analysis worksheet. 

The appropriate harmonics mitigation hardware shall be fully integrated into the VFD control panel package such that it is deliverable to the job site in a single package and shall not require any additional on-site wiring. Additional heat loads and amp losses resulting from harmonics mitigation hardware shall be determined and appropriate steps shall be taken to ensure that the VFD control panel design accommodates these issues. 

12	Testing
General and Electric Submersible – The Contractor shall demonstrate by testing (initial start-up and 4-hour operation) that the pumping equipment will function at the design capacity. There will be no objectionable flow conditions. Any leak shall be repaired and the system retested.   

A field test verifying that the pumping plant performance meets system design criteria must be completed prior to approval and acceptance of the system

Windmill and Pump Jack – When the windmill or pump jack and well equipment are installed, the Contractor shall use the windmill or pump jack to pump a minimum of 12 hours. The Contractor shall provide water storage facilities, if none are present at the site, to collect the pumped water. The Contractor shall check the windmill to see if the cylinder is functioning and not bottoming out, and that the windmill brake and other appurtenances are functioning properly. Problems shall be corrected by the Contractor.

Photovoltaic array – The photovoltaic array and pumping plant shall be tested for proper operation. The test shall document the open circuit voltage, array short-circuit current, voltage to load, and water output in gallons per minute. For acceptance, the installed system must pump at the design flow rate for a period of no less than 4- hour, on a bright sunny day, or at any time the solar irradiance is 800 watts/m2 or more.

13	Workmanship
The job site shall have a neat appearance after completion. 

14	Items of work and construction details
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