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533C – Pumping Plant
Solar/Wind Power 
I.  Scope

The work will consist of furnishing and installing photovoltaic (PV) and/or Wind Turbine power plants required for a livestock watering system.  Specifications for the electric submersible pump portion of the system are found in Construction Specification 533B – Pumping Plant –Electric Submersible Pump.  These specifications do not include installation of the well.  
II.  Materials

Concrete used in the installation shall conform to the NRCS Construction Specification 900 Concrete (3000 psi).

III.  Submittals

The following items are to be submitted for review and approval prior to installation of the pumping plant:

1. Documentation that the solar powered pumping unit is capable of supplying the daily power requirements for the livestock system as provided by NRCS.

2. Equipment and Materials list;

3. Warranty documentation

4. Tower- engineering analysis and signed and sealed engineering drawings and specifications;

5. Site specific construction and installation drawings and specifications; and

6. Procedures for Operation and Maintenance.

IV.  COMPONENTS 
Individual components of these power plants shall be selected to perform in accordance with the system requirements noted in this specification. The PV and Wind Turbine systems shall conform to the most recent or currently adopted provisions of the National Electrical Code. All major components shall be warranted by the manufacturer to be free from material or workmanship defects for a minimum of one year. 

V.  Wind Turbines  

Wind turbines include 2 or 3 blades, rotor, generator and over speed control mechanism(s). A wind turbine manufacture, dealer or installer must size the system based on the electricity needs and specific local wind patterns. A list of manufacturers is available from AWEA (American Wind Energy Association) at www.awea.org. All installation must follow the manufacturer’s recommendations identified in the Owner’s Manual. 

The installer should be able to assist in any permitting and certification requirements. All wind turbines are required to have automatic overspeed-governing systems.

Tower. All towers are to be installed according to construction drawings provided by a California licensed professional engineer.  Towers are required to be of sufficient height that the sweep of the blades is a minimum of 30 feet above and 100 feet away from any obstacle. Sufficient area to lower and raise the tower is required for O&M. Guy wires are to be installed per the manufacture's recommendations. All guy wires must be a minimum of 30 feet away from any property line. All towers require an engineering analysis and standard drawings showing the tower's construction and required materials. The analysis and drawings must be certified by a California licensed professional engineer. Mounting wind turbines on structures other than specifically designed towers will not be permitted. Land parcel requirements for installation of systems are a minimum of 1 acre and per local zoning requirements. No FAA lighting of towers is required for towers plus blades less than 200 feet. Check with local airports and FAA for specific setbacks.

Electrical Systems. Electrical components must be designed and installed in accordance with all applicable provisions of the National Electrical Code (NEC). All components shall be warranted against material and workmanship defects for a period of no less than one year from installation.

Electrical components such as the inverter, induction generator, fuses, and surge protection shall be provided as necessary to meet NEC requirements. A circuit breaker shall be provided as a means for disconnecting the system. All electronic components shall be housed in a weather resistant enclosure (National Electrical Manufactures Association (NEMA) 3R or equivalent).

Wiring materials and methods shall meet the requirements of NEC Articles 300. The length of wiring shall be minimized to the extent possible. All wiring shall be sized for a minimum of 125% of the maximum expected currents and when feasible maintain the total distance voltage drop to less the 2.5%.
For systems incorporated into the utility grid a DG to AG inverter is required and "Net Metering" of the system should be used to turn back electric meters when the system is generating more energy than is being used. Also required for systems on the grid is an automatic shutoff, with an Underwriters Laboratories (UL) approval mark, to insure the system shuts down when the power grid goes down. This safety requirement is for protection of linemen working on the utility grid. Wind generators on the utility grid must have either their inverter and/or induction generator synchronized properly with the grid, matching the power in terms of voltage, frequency and power factor.

Deep-cycle batteries (when specified). Batteries should be isolated from electronics, livestock or living areas because they contain corrosive and explosive substances. Lead-acid batteries also require protection from temperature extremes.  

Electronic Components and Wiring. Electronic components shall be installed and grounded as required by NEC Articles 250 and manufacturer's recommendations.

 VI.  PV Modules  

Modules shall be tested and listed by Underwriters Laboratories (UL), or another nationally recognized testing lab. 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 -200F to +1200 F. The modules must be certified to withstand winds of 80 mph without damage. The manufacturer shall warrant each module for a minimum period of ten years against power degradation in excess of 10% of the rated power.

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 should be mounted to the PV module frame and not to the PV module surface.

Mounting Structure.  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. The mounting structure must be capable of supporting the array under loads caused by 80 mph winds. 
Electronics. Electronic components shall be UL listed, (or equivalent). PV systems shall be fused as required by NEC.

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.

Wiring. Wiring materials and methods shall meet the requirements of NEC Articles 300 and 690. The length of wiring shall be minimized to the extent possible. All wiring shall be sized for a minimum of 125% of the maximum expected currents and when feasible maintain the total distance voltage drop to less the 2.5%. All wire material shall be copper. Module to module wiring shall be in conduit or be rated sunlight and weather resistant (USE, type TC or equivalent). In-line splices are not permitted in the module wiring.

Module wiring connectors must be crimp ring lugs and wiring terminals or compression terminal blocks.

Wire nuts shall not be used. Each wire termination shall be adequately marked to identify the circuit conductor. The marking shall be consistent with the identification included on the wiring diagram.

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.

For systems incorporated into the utility grid a DC to AC inverter is required and "Net Metering" of the system should be used to turn back electric meters when the system is generating more energy than is being used. Also required for systems on the grid is an automatic shutoff of the system when the power grid goes down. This safety requirement is for protection of linemen working on the utility grid. PV systems on the utility grid must also be synchronized properly with the grid, matching the power in terms of voltage, frequency and power quality.

Deep-cycle batteries (when specified).  Batteries should be isolated from electronics, livestock or living areas because they contain corrosive and explosive substances. Lead-acid batteries also require protection from temperature extremes.

VII.  INSTALLATION

All manufacturer's and testing lab installation instructions shall be followed during installation of the PV system. All equipment shall be installed so as not to void manufacturer's warranties. All fasteners and hardware shall be tightened to the manufacturer's specifications. All electrical work shall conform to requirements in the current edition of the National Electrical Code (NEC).

PV Array. The array shall be located as needed to receive the maximum amount of sunlight, with its orientation and tilt angle set as specified in the operation and maintenance plan. When the mounting structure is to be set in concrete, the concrete shall be placed at least 24 hours before the array is attached. The array shall be disabled until all electrical work has been completed.

Electronic Components and Wiring. Electronic components shall be installed in accordance with NEC requirements and manufacturer's recommendations. The negative PV conductor, the array mounting structure, and all other metal components of the system shall be grounded directly to earth as required by NEC Articles 250 and 690.
VIIi.  Vegetative Cover

Unless otherwise specified, a protective cover of vegetation shall be established on the disturbed area.  The planting of vegetative materials shall conform to the requirements of Practice Specification 342, Critical Area Planting.  

IX.  Special Measures

Measures and construction methods shall be incorporated, as needed and practical, that enhance fish and wildlife values while minimizing disturbances to instream and riparian habitats.  Special attention shall be given to protecting visual resources as well as the physical characteristics of the streambank, streambed and surrounding vegetation.

X.  Construction Operations

Construction operations 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.  

XI.  Basis of Acceptance

The acceptability of the solar/wind powered pumping plant shall be determined by inspection to check:

· Appropriate submittals are provided. 

· Submittals are reviewed and approved by NRCS prior to installation of practice measures, and
· The pumping plant is installed and tested for proper operation. The test shall document the open circuit voltage, voltage drop, current, operation of circuit breaker, automatic shutoff, Net Metering and all other electrical system components incorporated into the system. For systems connected to the grid, local utilities are to perform an interconnect test and provide documentation of successful testing.

· All required certifications are provided.  

· The Installer shall certify the installation complies with the requirements of the installation instructions provided by the manufacturer.  

· Component warranties are provided.

A written guarantee shall be furnished that protects the owner against defective workmanship and materials for not less than 1 year, and includes the names of the manufacturers of the equipment. 

Acceptability of any associated conservation practices shall be in accordance with the appropriate NRCS Conservation Practice Specification.
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