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CONSERVATION PRACTICE CONSTRUCTION SPECIFICATION
PUMPING PLANT – VARIABLE FREQUENCY DRIVES
CODE 533E
1. SCOPE
This construction specification covers the evaluation of existing pumping plant systems for materials, equipment, and labor required for the installation of variable frequency drives (VFD’s) 

2. SUBMITTALS
A. Documentation and verification that existing motor operates on three phase power; motor make; model; HP rating; and approximate age of motor.  Single phase motors are not approved for use with pumping plant.
B. Pump test results indicating a steady state drawdown vs time plot for standard pump tests or the steady state results using the New Mexico Engineering Technical Note 7, abbreviated pump test method utilizing NMPumptests.xlsx - Excel spreadsheet.  Pump test results shall determine if the aquifer can sustain enough water to allow proper operation of the pumping plant to operate at least 1000 hours per year to ensure enough calculated energy savings to provide payback of the capital cost of the VFD during the life of the practice (15 years).
C. Verification that the existing motor/pump assembly is operating at 70% or greater efficiency. Efficiency is calculated utilizing pump curves supplied from the pump manufacturer, using the measured current flow, water flow rate, water table pumping depth.  Data for calculating efficiency could be acquired during the pump test in submittal B above. 
D. Written certification from the power company supplier of the need to install, or not install harmonics mitigation hardware or line filter (line or load reactor).   If required, the power company will specify the type and model of hardware to be installed.

E. Submittal of the manufacturer and model of harmonic mitigation hardware specified or required by the local power provider.  

F. Submittal of Meggar test results indicating the resistance between the motor windings and the ground.  The resistance must be greater than 300,000 ohms.  Motor should be brought up to operating temperature for at least one hour prior to running the Meggar test.
G. The contractor shall furnish, and install a pump control system designed to operate one pump using Variable Frequency Drives (VFDs) as described herein. The control system shall be designed utilizing proven technology in control design 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 control system shall be operator and maintenance friendly to ensure ease of system set up and to limit down time.
a. The control system shall use a pressure transmitter and/or flow meter connected to the discharge piping of the pump. The factory assembled system shall include:
i. Variable Frequency Drive
ii. VFD protection package
iii. Line and load reactor as required 
iv. Lightning arrestors
v. Pressure transmitter or flow meter
vi. Enclosure
vii. Main disconnect
viii. Circuit breaker
ix. Alarm and Communication interface
H. Upon delivery of the VFD to the job site, the following shall be provided:
a. Full complement of user instructions materials
b. Two copies of Operation and Maintenance manuals must be provided with each VFD. They shall include the following:
i. Spare parts listing; source and current prices of replacement parts and supplies, including recommended spare parts to be pre-purchased by the client after the warranty ends
ii. Recommended maintenance and repair procedures and intervals, including dimensioned as-built drawings
iii. Test and calibration procedures
iv. Recommended cleaning methods
v. Instructions for troubleshooting diagnostics
vi. Wiring diagrams
vii. Datasheets on major components including power electronics devices
I. The Installer shall furnish warranty certifications, spare parts lists, service bulletins/manuals, and instructions covering the operation and maintenance of the equipment to the landowner.
J. The Installer shall guarantee the pumping plant, in writing, for a period of at least one (1) year against materials and workmanship defects.

3. EQUIPMENT
Codes
Electrical equipment, installation, 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 organizations listed below.

1.	National Electric Code (NEC) 
2.	National Electrical Manufacturers Association (NEMA)
3.	American National Standards Institute (ANSI)
4.	Underwriters Laboratories   (UL 508)
5.	International Electrotechnical Commission (IEC)
6.	Institute of Electrical and Electronics Engineers (IEEE-519).


Component Standards

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. 

3.1	Variable Frequency Drive
The VFD controller shall be sized greater than the pump motor rating and shall be supplied by the Contractor for the existing pump. The controller shall be compatible with all equipment utilized at the pump station. 
	
Pump / System protection:
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 
· Feedback Loss Alarm & Pump Over-Cycling 

Motor / Drive protection: 
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
· 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 provide 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.

The VFD shall be provided with a 12-month standard warranty against defects in workmanship and materials under normal use operation and service from the date of startup.
3.2	Pressure transmitter
In 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.

3.3	Flow meter
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.  The flow meter shall have an external power source that provides a consistent power supply.

3.4	Lightning/Surge arrestor
An 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. 

3.5	IEEE-519 Harmonics Mitigation Hardware
If required by the local power provider, a full IEEE-519 harmonics analysis of the VFD installation must be performed.  The local power provider will specify the harmonics mitigation hardware necessary to fully comply with IEEE-519 or the local power provider requirements.  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. 

4. INSTALLATION
4.1	For indoor and outdoor applications
Depending on the design of the VFD unit, the described equipment shall be housed and connected according to manufacturer recommendations.  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.  
4.2 	Wiring Requirements
The VFD must not be installed on an underground Delta system.  If that is the case, the electric utility must switch the Delta transformer to a WYE isolation transformer.  If the utility will not do this, then an extra transformer must be installed.  In this case, a three phase, Delta to Wye isolation transformer, electrostatically shielded, should be installed before the VFD with the WYE grounded with an individual grounding rod.

5. ACCEPTANCE AND MEASUREMENT
An onsite check of the completed installation with pump operating will be performed by an NRCS representative. The acceptability of the pump installation shall be determined by inspections to check compliance with all the provisions of this specification with respect to the drawings, the component manufacturer’s requirements, and the minimum installation and testing requirements.
The installed system must pump at a flow rate and pressure that demonstrates compliance with   the system requirements, as described on the drawings or in this specification, with adjustments applied as needed at the time of the test. 
Measurement of each VFD installation will be on a completed job basis.
Conservation practice construction specifications are reviewed periodically, and updated if needed.  To obtain the current version of this standard, contact the Natural Resources Conservation Service.
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