






WATER PUMPING
U.S. DEPARTMENT OF THE INTERIOR


BUREAU OF LAND MANAGEMENT

U.S. DEPARTMENT OF THE INTERIOR

BUREAU OF LAND MANAGEMENT

UTAH

Moab District

Kane Gulch

Trent Duncan
Contact Person

(801) 539-4090
Contact Number

$20,000
PV System Cost

Applied Power Corporation
System Supplier

Bureau of Land Management
System Installer

Under Construction
Installation Date

System Components:
array 2,000 W Solarex
controller Grundfos
loads Grundfos Submersible Pump

General Comments:
• 350 feet total dynamic head; 2000 gallons per day.
• 10,000 gallon storage tank.
• Seasonal use, April to November.

UTAH

Cedar City District

Sheep Hollow

Mary Casady
Contact Person

(801) 644-2672
Contact Number

$12,000
PV System Cost

Applied Power Corporation
System Supplier

Bureau of Land Management
System Installer

May 1997
Installation Date

System Components:
array 1,024 W Solarex
batteries 1,590 A-h Gel-8-G-82
controller 20 Prostar
loads Solarjack Diaphragm Pumps (2)

General Comments:
• 200 feet of total dynamic head.
• Low yield well–system pumps 2 gallons/minute, 24 hrs/day.
• Water is used by livestock and wildlife.
• Seasonal use.
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WATER PUMPING
U.S. DEPARTMENT OF THE INTERIOR


BUREAU OF LAND MANAGEMENT

U.S. DEPARTMENT OF THE INTERIOR

BUREAU OF LAND MANAGEMENT

UTAH

Richfield District-
Fillmore Field

Office

Headquarters

Tom Memmott
Contact Person

(435) 743-3100
Contact Number

$8,200
PV System Cost

Photocomm
System Supplier

Bureau of Land Management
System Installer

Under Construction
Installation Date

System Components:
array 1,152 W Solarex
controller Solarjack
loads Solarjack Pump SCS-14-160

General Comments:
• 140 feet total dynamic head, 3,600 gallons per day.
• Two miles pipeline.
• Replaces propane engine generator.
• Water for livestock use.

UTAH

Richfield District-
Fillmore Field

Office

Delta #1

Tom Memmott
Contact Person

(435) 743-3100
Contact Number

$3,900
PV System Cost

Photocomm
System Supplier

Bureau of Land Management
System Installer

February 1998
Installation Date

System Components:
array 384 W Solarex
controller Solarjack
loads Solarjack Pump SCS-8-90

General Comments:
• 100 feet of total dynamic head, 2,000 gallons per day.
• Seasonal use for livestock water pumping.
• Mechanical wind pump replacement.

I-55



WATER PUMPING
U.S. DEPARTMENT OF THE INTERIOR


BUREAU OF LAND MANAGEMENT

U.S. DEPARTMENT OF THE INTERIOR

BUREAU OF LAND MANAGEMENT

UTAH

Richfield District-
Fillmore Field

Office

Sugarloaf

Tom Memmott
Contact Person

(435) 743-3100
Contact Number

$3,000
PV System Cost

Photocomm
System Supplier

Photocomm/BLM
System Installer

September 1997
Installation Date

System Components:
array 256 W Solarex
controller Solarjack
other Zomeworks Tracker
loads Solarjack DC Submersible Pump

General Comments:
• Pumps 2,500 gallons per day from 50 feet of total dynamic
   head.
• Wind mechanical water pump replacement.
• Installation served as a training course for BLM personnel to
   install eight other pumping systems in BLM Districts.

UTAH

Richfield District-
Fillmore Field

Office

IPA

Tom Memmott
Contact Person

(435) 743-3100
Contact Number

$3,900
PV System Cost

Photocomm
System Supplier

Bureau of Land Management
System Installer

September 1997
Installation Date

System Components:
array 384 W Solarex
controller Solarjack
loads Solarjack Pump SCS-8-190

General Comments:
• 100 feet of total dynamic head, 2,000 gallons per day.
• Seasonal use for livestock water pumping.
• Mechanical wind pump replacement.
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WATER PUMPING
U.S. DEPARTMENT OF THE INTERIOR


BUREAU OF LAND MANAGEMENT

U.S. DEPARTMENT OF THE INTERIOR

BUREAU OF LAND MANAGEMENT

UTAH

Richfield District-
Fillmore Field

Office

12-A

Tom Memmott
Contact Person

(435) 743-3100
Contact Number

$6,600
PV System Cost

Photocomm
System Supplier

Bureau of Land Management
System Installer

Under Construction
Installation Date

System Components:
array 768 W Solarex
controller Solarjack
loads Solarjack Pump SCS-14-160

General Comments:
• 750 feet of total dynamic head, 3,000 gallons per day.

UTAH

Richfield District-
Fillmore Field Office

Weather Station/
Rain Gauge

Larry Maxfield
Contact Person

(801) 539-4059
Contact Number

$200
PV System Cost

Campbell Scientific
System Supplier

Bureau of Land Management
System Installer

June 1997
Installation Date

System Components:
array 10 W Solarex
batteries 9 A-h Valve Regulated Gel
loads Weather Station Rain Gauge

General Comments:
• Six identical systems provide power for data collecting
   equipment.
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WATER PUMPING
U.S. DEPARTMENT OF THE INTERIOR


BUREAU OF LAND MANAGEMENT

U.S. DEPARTMENT OF THE INTERIOR

BUREAU OF LAND MANAGEMENT

UTAH

Salt Lake District

Salt Wells

Kirk Gardner
Contact Person

(801) 977-4397
Contact Number

$4,000 (hardware only)
PV System Cost

Photocomm
System Supplier

Bureau of Land Management
System Installer

September 1997
Installation Date

System Components:
array 384 W Solarex
controller Solarjack
loads Solarjack Pump SCS-14-70

General Comments:
• 20 feet total dynamic head; 10,000 gallons per day.

WYOMING

Casper District

Cottonwood Creek
Drainage

Mike Brogan
Contact Person

(307) 234-1525
Contact Number

$4,000 (hardware only)
PV System Cost

Applied Power Corporation
System Supplier

Bureau of Land Management
System Installer

September 1996
Installation Date

System Components:
array 120 W Solarex
batteries 12 V Valve Regulated GNB
loads Groundwater Monitoring Equipment

General Comments:
• Project consists of six monitoring sites: one climate station,
   one large basin stream, and four small basin stream gauges.
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WATER PUMPING
U.S. DEPARTMENT OF THE INTERIOR


BUREAU OF LAND MANAGEMENT

U.S. DEPARTMENT OF THE INTERIOR

BUREAU OF LAND MANAGEMENT

WYOMING

Casper District

Coyote Well

Mike Brogan
Contact Person

(307) 234-1525
Contact Number

$6,000
PV System Cost

Photocomm
System Supplier

Bureau of Land Management
System Installer

Under Construction
Installation Date

System Components:
array 800 W Solarex
controller Solarjack
loads Solarjack Pump

WYOMING

Casper District

Ed O. Taylor
Game Range

Mike Brogan
Contact Person

(307) 234-1525
Contact Number

$5,139 (hardware only)
PV System Cost

Photocomm
System Supplier

Bureau of Land Management
System Installer

August 1997
Installation Date

System Components:
array 576 W Solarex
controller Solarjack
loads Solarjack Pump
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WATER PUMPING
U.S. DEPARTMENT OF THE INTERIOR


BUREAU OF LAND MANAGEMENT

U.S. DEPARTMENT OF THE INTERIOR

BUREAU OF LAND MANAGEMENT

WYOMING

Casper District

Powder River
Basin

Mike Brogan
Contact Person

(307) 234-1525
Contact Number

$1,200 (hardware only)
PV System Cost

Applied Power Corporation
System Supplier

Bureau of Land Management
System Installer

September 1996
Installation Date

System Components:
array 120 W Solarex
batteries Valve Regulated GNB
loads Groundwater Monitoring Equipment

General Comments:
• Project includes solar powering of nine groundwater
   monitoring sites.
• Each site has a 10-watt panel and an 18 A-h battery
   powering datalogger equipment.
• Six sites are proposed to utilize radio telemetry, requiring
   additional 10-watt panel and a 10 A-h battery.

WYOMING

Casper District

Lonetree Well

Mike Brogan
Contact Person

(307) 234-1525
Contact Number

$15,000 (hardware only)
PV System Cost

Applied Power Corporation
System Supplier

Bureau of Land Management
System Installer

August 1997
Installation Date

System Components:
array 1,920 W Solarex
controller Grundfos
inverter Grundfos SA-1500
loads Grundfos Pump

General Comments:
• Groundwater pumping system with 230 feet of total head
   providing 6,000 gallons of water per day.
• Summer use for livestock and wildlife.
• Water distributed via 4 miles of pipeline to three pastures.
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WATER PUMPING
U.S. DEPARTMENT OF THE INTERIOR


BUREAU OF LAND MANAGEMENT

U.S. DEPARTMENT OF THE INTERIOR

BUREAU OF LAND MANAGEMENT

WYOMING

Casper District

Rattlesnake #2

Mike Brogan
Contact Person

(307) 234-1525
Contact Number

$12,000
PV System Cost

Applied Power Corporation
System Supplier

Bureau of Land Management
System Installer

September 1997
Installation Date

System Components:
array 1,920 W Solarex
controller Grundfos
inverter Grundfos SA-1500
loads Grundfos Pump

General Comments:
• Groundwater pumping system with 160 feet of total head
   providing 7,000 gallons of water per day.
• Summer use for livestock and wildlife.

WYOMING

Casper District

Rattlesnake #1

Mike Brogan
Contact Person

(307) 234-1525
Contact Number

$7,615
PV System Cost

Photocomm
System Supplier

Bureau of Land Management
System Installer

September 1997
Installation Date

System Components:
array 830 W Solarex
controller Solarjack
loads Solarjack Pump

General Comments:
• Groundwater pumping system with 430 feet total head
   providing 500 gallons of water per day.
• Summer use for livestock and wildlife.
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WATER PUMPING
U.S. DEPARTMENT OF THE INTERIOR


BUREAU OF LAND MANAGEMENT

U.S. DEPARTMENT OF THE INTERIOR

BUREAU OF LAND MANAGEMENT

WYOMING

Casper District

Rattlesnake #3

Mike Brogan
Contact Person

(307) 234-1525
Contact Number

$11,000
PV System Cost

Photocomm
System Supplier

Bureau of Land Management
System Installer

August 1996
Installation Date

System Components:
array 1,328 W Solarex
controller Solarjack
other Zomeworks Trackers (2)
loads Solarjack Pump

General Comments:
• Groundwater pumping system with 260 feet of total head
   providing 1,800 gallons of water per day.
• Summer use for livestock and wildlife.

WYOMING

Casper District

Wilderness Well

Mike Brogan
Contact Person

(307) 234-1525
Contact Number

$10,000
PV System Cost

Southwest PV Systems
System Supplier

Bureau of Land Management
System Installer

September 1997
Installation Date

System Components:
array 1,536 W Solarex
controller USPC Aerovironment
loads Grundfos Pump

General Comments:
• Groundwater pumping system with 160 feet total head
   providing 1,500 gallons of water per day.
• Winter use for livestock and wildlife.
• Project supporters also include Rocky Mountain Elk
   Foundation and Wyoming Game and  Fish.
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WATER PUMPING
U.S. DEPARTMENT OF THE INTERIOR


BUREAU OF LAND MANAGEMENT

U.S. DEPARTMENT OF THE INTERIOR

BUREAU OF LAND MANAGEMENT

WYOMING

Rawlins District

Chicken Springs

Andy Warren
Contact Person

(307) 328-4271
Contact Number

$7,000
PV System Cost

Applied Power Corporation
System Supplier

Bureau of Land Management
System Installer

June 1997
Installation Date

System Components:
array 616 W Solarex MSX-77
controller Grundfos SA-1500 Pump Controller
loads Grundfos 1.5 HP Submersible Pump
other Trailer Mounted

General Comments:
• Portable pumping system pumps from three different wells in
   the Red Desert of south-central Wyoming.
• Seasonal use from April thru October.
• Pumps 2,000 gallons of water per day.
• Supplies water for wild horses to improve riparian habitat on
   Stewart Creek.
• No problems during first two years of operation.
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WATER PUMPING
CALIFORNIA

Yosemite National
Park

Backcountry
Trail Crew

Korwin Kirk
Contact Person

(209) 372-0550
Contact Number

$4,600
PV System Cost

Solar Electric Specialties
System Supplier

National Park Service
System Installer

July 1996
Installation Date

System Components:
array 60 W Solarex MSX-30L
batteries 2.2 kWh Solar Cell Valve Regulated
controller Prostar
loads Shurflo 9300 Submersible Pump

General Comments:
• Two systems in use by trail maintenance crews in remote
   wilderness areas.
• Portable systems transported by mules.
• Systems avoid substantial damage to bank areas of lakes,
   streams and rivers associated with human and stock access.
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WATER PUMPING
FLORIDA

Biscayne National
Park

Boca Chita

Sheryle Lindley
Contact Person

(305) 247-7275
Contact Number

$20,000
PV System Cost

Benson Electric
System Supplier

National Park Service
System Installer

April 1996
Installation Date

System Components:
array 900 W Solarex
batteries Valve Regulated Johnson Controls
controller Currin SPSC-36B
generator 2 kW Propane
loads A.Y. McDonald Pump

CALIFORNIA

Yosemite National
Park

Merced Lake

Korwin Kirk
Contact Person

(209) 372-0550
Contact Number

$31,000
PV System Cost

Solar Electric Specialties
System Supplier

National Park Service
System Installer

October 1997
Installation Date

System Components:
array 660 W Siemens
batteries Valve Regulated Gel-Type
inverter U2624 Trace Engineering, 24 V
other Tracker, Wattsun 12-Panel
loads A.Y. McDonald Submersible Pump

General Comments:
• Total project cost was $51,000 including plumbing, pump,
   tankage, and hardware.
• Pump is used to pump septic tank effluent to disposal area.
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WATER PUMPING
HAWAII

Haleakala National
Park

Kipahulu

Frank Baublits
Contact Person

(808) 572-4420
Contact Number

$33,000
PV System Cost

Laf Young and Associates
System Supplier

Laf Young and Associates
System Installer

August 1996
Installation Date

System Components:
array 2,000 W Siemens
loads DC-Motor Driven Water Pump, 3 hp

General Comments:
• Pumps 3,000 gallons per day from head of 330 feet.
• Supplies water to visitor center and campground.

NORTH
CAROLINA

Blue Ridge
Parkway

Jeffress Park

Cliff Northrup
Contact Person

(704) 298-2828
Contact Number

$15,000
PV System Cost

Atlantic Solar Products
System Supplier

National Park Service
System Installer

October 1997
Installation Date

System Components:
array 960 W Kyocera KC80
batteries PVC-1295 Valve Regulated Sunmate
other Solarjack PCB8-1208 Pump Controller
loads Solarjack Well Pump, 1 hp

General Comments:
• Separate system for building lighting and chlorinator.
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WATER PUMPING
ALABAMA

Tuskegee National
Forest

Pine Glen
Campground

William Yates
Contact Person

(334) 727-2652
Contact Number

$20,000
PV System Cost

Photocomm
System Supplier

Tuskegee National Forest
System Installer

May 1996
Installation Date

System Components:
array 1,275 W Solavolt 8500
controller A.Y. McDonald
loads A.Y. McDonald Submersible DC 90 V Pump
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WATER PUMPING
ARIZONA

Prescott National
Forest

Antelope

Tim Mabery
Contact Person

(520) 567-4121
Contact Number

$8,000 (hardware only)
PV System Cost

Photocomm
System Supplier

Tonto National Forest
System Installer

August 1996
Installation Date

System Components:
array 1,080 W Solec S90
controller SCS Solarjack
other Zomeworks Solar Tracker
loads Solarjack SCS II-210 Submersible Pump
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ARIZONA

Tonto National
Forest

Cholla
Campground

Andrew Dziobek
Contact Person

(602) 225-5319
Contact Number

$40,000
PV System Cost

Photocomm
System Supplier

Tonto National Forest
System Installer

May 1990
Installation Date

System Components:
array 2,304 W Solarex MSX-64
controller PCB8-180C Solarjack
other Zomeworks Solar Trackers (3)
loads 3 H.P. 180 V DC Motor Jensen Pump

General Comments:
• The system provides water for full service campground: flush
   toilets, showers, hydrants for up to 2,000 people per day.



WATER PUMPING
ARIZONA

Tonto National
Forest

Rattlesnake Cove

Andrew Dziobek
Contact Person

(602) 225-5319
Contact Number

$43,000
PV System Cost

Solar Exchange
System Supplier

Solar Exchange
System Installer

December 1995
Installation Date

System Components:
array 2,304 W Solarex MSX-64
controller PCB8-180 Solarjack
other Zomeworks Solar Trackers (3)
loads Lights, Fans, Water Pump (Jack Pump)

General Comments:
• The system provides water for day use area site: flush toilets,
   hydrants for up to 420 people per day.

ARKANSAS

Ozark/St. Francis
National Forest

Richland Creek
Campground

Ken Clements
Contact Person

(501) 964-7251
Contact Number

$2,600
PV System Cost

Applied Power Corporation
System Supplier

Ozark/St. Francis National Forest
System Installer

May 1996
Installation Date

System Components:
array 120 W Solarex MSX-60
batteries 12-5000 Valve Regulated GNB
controller PPC-24 Specialty Concepts Inc.
other Solarjack Pump SDS-D-228
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WATER PUMPING
IDAHO

Sawtooth National
Forest

Raft River Riparian
Improvements

James Chard
Contact Person

(208) 678-0439
Contact Number

$6,000
PV System Cost

Dankoff Solar Products, Inc.
System Supplier

Dankoff Solar Products, Inc.
System Installer

October 1996
Installation Date

System Components:
array 280 W Solec S70
controller #MK1/B Sunrise Submersible Solar Pump
other Mechanical Tracker

KANSAS

Cimarron National
Grassland

Cottonwood Picnic
Ground

Tim Higgins
Contact Person

(316) 697-4621
Contact Number

$2,000
PV System Cost

Applied Power Corporation
System Supplier

Applied Power Corporation
System Installer

June 1996
Installation Date

System Components:
array 60 W Solarex MSX-60
batteries 12-5000X Valve Regulated GNB
controller Prostar 20 Morningstar
loads Shurflo 9300 Booster Pump
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WATER PUMPING
UTAH

Manti-LaSal
National Forest

Mammoth Station

Kathy O’Brian
Contact Person

(801) 637-2817
Contact Number

$12,000
PV System Cost

Applied Power Corporation
System Supplier

Applied Power Corporation
System Installer

October 1995
Installation Date

System Components:
array 462 W Solarex MSX-77
controller Grundfos SA 400
other Zomeworks Tracker
loads Grundfos Submersible Pump

WEST
VIRGINIA
Monongahela

National Forest

Spruce Knob
Campground

Mary Smakula
Contact Person

(304) 636-1800
Contact Number

$2,235 (hardware only)
PV System Cost

Atlantic Solar Products
System Supplier

Monongahela National Forest
System Installer

September 1998
Installation Date

System Components:
array 154 W Solarex MSX-77
loads Shurflo 9300 Pump

General Comments:
• System replaces water handpump.
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WATER PUMPING
WISCONSIN

Chequamegon
National Forest

Wilson Flowage

Art Johnston
Contact Person

(715) 762-5112
Contact Number

$10,000
PV System Cost

Applied Power Corporation
System Supplier

Chequamegon National Forest
System Installer

September 1996
Installation Date

System Components:
array 896 W Solarex MSX-56
batteries 1,600 A-h Absolyte IIP
controller Powercenter 3 Ananda Power Technologies

General Comments:
• This system replaced diesel-powered lake aeration system.
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Appendix II

Sample Procurement Specifications

Photovoltaic Power System
Photovoltaic Pumping System



PART 1:  GENERAL

1.01  Summary:

A. Provide four  photovoltaic (PV) power
systems capable of supplying alternating
current as specified complete with PV
modules, support racks, power panel,
inverter(s), equipment supports, related
wiring and other items required ready for
government installation.  The PV power
systems will be used to provide electrical
power for remote field stations.

1.02  References:

A. National Fire Protection Association:

NFPA 70-96 National Electrical Code

1.03  Submittals:

A. General: Submittals include design
computations, shop drawings, manufacturers’
literature, as-built drawings, samples, and
maintenance manuals.  Deliver submittals to
Trent Duncan, P.O Box 45155, Salt Lake City,
UT 84145-0155, allow 5 working days for
review.

B. Required submittals:  Submit 2 copies of the
following:
1. Electrical diagram and installation

drawing of the complete photovoltaic
power system showing all major
components provided, conductor sizes,
types and lengths.

2. Submit catalog data on all equipment
with complete description of
components; including photovoltaic
modules, batteries, inverter, power panel,
panelboard, mounting hardware, fuses,
cables, conductors, connectors, and all
other related equipment.

3. Detailed operation and maintenance
manual of complete photovoltaic system
as outlined in operation and maintenance
data.

1.04  Quality Assurance:

A. Installation and equipment shall comply with
all applicable codes, including but not limited
to Articles 690, 480 and 250 of the 1996 NEC.
All products that are listed, tested, identified,
or labeled by UL, FM, ETL, or other national
testing organization shall be used when
available.  Non-listed products are only
permitted when listing does not exist.

1.05  Operation and Maintenance Data:

A. Data shall be on 8 1/2 inch by 11 inch sheet or
manufacturer’s standard catalog, suitable for
side binding.  Include full product
documentation from manufacturer, installer,
and/or supplier including, but not limited to,
the following items:

1. POWER PANEL AND INVERTER:

 a. Owners manual with
programming and installation
instructions.

 b. Emergency operating procedures.

 c. Default program values and
setpoints.

 d. Listing of field programmed
variables and setpoints.

 e. Equipment wiring diagrams.

 f. Product model number, with
name, address, and telephone
number of local representative.

 g. Starting, operating, and shut down
procedures.  Include normal,
seasonal, and emergency shut
down procedures.

 h. Schedule of maintenance work, if
any.

 I. Replacement parts list, including
internal fuses.

j. Warranty paperwork.

PHOTOVOLTAIC
POWER SYSTEM
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2. BATTERIES:

 a. Owners manual with installation,
testing and charging instructions.
Instructions shall be very specific
as to how the batteries shall be
maintained and operated in order
to ensure long-life.

b. Emergency operating procedures,
including method of handling
leaking or damaged battery.

 c. Recycling and salvage information.

 d. Product model number, with
name, address, and telephone
number of local representative.

 e. Starting, operating, shut down
procedures.  Include seasonal shut
down and storage.

f. Schedule of maintenance and
testing.

g. Warranty paperwork.

3. PHOTOVOLTAIC MODULES,
PANELBOARDS, SWITCHES, CKT
BREAKERS, AND BALANCE OF SYSTEM
COMPONENTS:

 a. Owners manual or manufacturer’s
product data sheet, as applicable.

 b. Equipment wiring diagrams.

 c. Product model number, with
name, address, and telephone
number of local representative.

 d. Starting, operating, and shut down
procedures.  Include normal,
emergency, and seasonal shut
down procedures.

 e. Schedule of maintenance work, if
any.

 f. Replacement parts list, including
fuses, diodes, etc.

 g. Warranty paperwork.

 h. Cleaning agents and methods.

PART 2:  PRODUCTS

2.01  Conductors:

A. As specified in this section, and as
recommended by the equipment
manufacturer.  All conductors shall be sized
based on a maximum 3% voltage drop.

2.02  Photovoltaic Modules:

A. General: Modules shall be UL, FM, or ETL
listed.  High-power type, with typical peak
power of not less than 64 watts at standard
test conditions.  Voltage at peak power shall
not be less than 17.5 Vdc.  Current at peak
power shall not be less than 3.66 amps. Model
#MSX-64 as manufactured by Solarex or
approved equal (see Equipment Summary
Table for quantities).

B. Units shall have 20-year limited warranty
guaranteeing:

 1. That no module will generate less than its
specified minimum power when
purchased.

 2. Continued power of at least 80% of
guaranteed minimum power for twenty
years.

C. Splices: All splices shall be made in approved
junction boxes with an approved accessible
splicing method.   Terminal strips, and box-
type pressure connectors are approved
splicing methods.  Twist-on “wire nuts” are
not allowed.

D. Module Interconnections:

1. Module interconnection wiring shall be
90ºC type USE-RHH-RHW sunlight
resistant, suitable for exposed use, tray
cable, or liquid tight flexible metal
conduit with appropriately rated
conductors.  Minimum size of #10 awg
unless otherwise indicated.

2. Interconnection wiring for series and
parallel modules shall include a terminal

strip, splicing block, or bus bar
arrangement so that one source circuit
can be disconnected without
disconnecting the grounded conductor(s)
of other source circuits.  Daisy chaining
modules together is not permitted.

3. Array shall be divided into a minimum of
two similar sized sub-arrays.  Separate
disconnects for each sub-array shall be
provided at the powerpanel.

4. A 6 amp bypass diode shall be provided
for each module.

5. Array grounding means shall be
provided and shall be connected to the
system ground.

E. Transition wiring: Wiring from the PV array
(junction box of first module) to the
combiner/jbox shall be 90ºC type USE-RHH-
RHW sunlight resistant wire as listed above.
Minimum wire size of #10 awg unless
otherwise indicated.

F. Mounting structure: Module mounting type
shall be as specified in the Equipment
Summary Table.

1. Roof mounting structure shall be
corrosion resistant and fabricated from
aluminum alloys with stainless steel
fasteners.  Panel rails shall be as
recommended by module manufacturer.
Each structure shall be capable of holding
4 or 6 of the required modules at a tilt
specified in the Equipment Summary
Table.

2. Pole mount structure: Module support
structures shall be a fixed mount on the
top of a SCH 40 pipe mast furnished and
installed by the government.  Each rack
shall hold 8 or 12 modules in a fixed
position. Mast spacing and size to be
determined by the supplier.  A
combinerbox shall be affixed to each
mast.
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G. Array output wiring: Wiring from the
combiner/J-box to the power panel shall be of
the length specified in the equipment
summary table and shall be 90ºC type THHN.
Required conduit size shall be specified by
the supplier in the installation manual but
need not be supplied.

2.03  Combiner/J-Box:

A. Hinged cover fiberglass NEMA 4X enclosure
as manufactured by Hoffman or approved
equal.  Unit shall be sunlight resistant, and
exhibit excellent chemical temperature, and
weather resistance properties.  Minimum size
of 12" x 10" x 6" with screw cover, or as
required per fill calculations.

2.04  Power Distribution Blocks:

A. As required for changing conductors sizes,
combining multiple conductors, etc. Rated for
voltage and current of system.  As
manufactured by ILSCO or approved equal.

2.05  Batteries:

A. General: The batteries shall have the
following features and characteristics: (see
Equipment Summary Table for quantities).

1. Deka 8G8D valve regulated battery or
approved equal. 12 V per battery,
minimum 265 amp/hour capacity at the
100 hour discharge rate, 400 cycles @ 50%
depth of discharge.

2. Absolyte IIP 3-90A-23 valve regulated or
approved equal.  6 V per battery,
minimum 1300 amp/hour at the 100 hour
discharge rate, 1200 cycles at 80% depth
of discharge.

B. Cables:  Factory crimped and soldered ring
terminals for battery and inverter bolted
connections.  Cables shall have identification
labels on each end for positive and negative
terminal connections.

C. Terminals: Exposed battery terminals and
cable connects must be protected with a cover
against potential short-circuiting.

D. Rack: A battery rack(s) shall be provided
which hold 4 batteries on a shelf and up to 3
shelves high (approximately 60" wide, 24"
deep and 48" tall).  Each shelf shall allow
adequate clearance to access battery
terminals.  Rack shall be easily assembled in
the field.

2.06  Disconnects/AC Panel Boards/Etc.:

A. General: Circuit breaker and switches shall be
UL-Listed and DC rated for load controll.
Disconnects and over current devices shall be
mounted in approved boxes, enclosures, or
panelboards.  Requirements for internal
configuration of these enclosures shall
comply w/NEC Article 370, 373, 384 and
applicable UL-Standards.  Metal enclosures/
boxes shall be bonded to the grounding
conductor.

 1. Panelboards: Provide one AC panel
board with each system.  Provide
equipment ground bar kit.  Copper bus
required. Provide a main disconnect
consistent with inverter capacity and
slots for 10 additional breakers. Provide
conductors and conduit to facilitate
panelboard mounting within 5 feet of
powerpanel.

 2. Circuit breaker enclosures: Breaker type
“QO”.  Isolated neutral bus required.
Include two 15 amp breakers in
panelboard. Manufactured by Square-D
or approved equal.

2.07  DC Load Center:

A. General: Model PAC-500AC-48 Vdc as
manufactured by Pulse Energy Systems or
approved equal.  DC power center shall have
at a minimum the following features:

 1. Unit must be UL listed and compatible

with 48 Vdc negative ground electrical
system.

 2. Unit shall comply with Article 690-5 of
the 1996 NEC.

 3. Battery/Inverter/Main disconnect: UL
listed for up to 125 Vdc @ 250 amps per
pole, 2 poles total.

 5. Circuit breakers UL Listed, DC rated, 5K
AIC at 65 Vdc.

 6. PV charge controller & load disconnect
contacts: Mercury displacement type,
UL Listed,

7. Solar array disconnect with 30 amp
breaker & red tripped indicator.

8. Battery cable terminal lugs up to 2-
#250MCM.

9. Inverter cable terminal lugs up to 2/dual
#250MCM.

10. Automatic array disconnect to eliminate
night-time losses.

11. LED indicators for battery charging
status.

12. Smartlight plus battery charge indicator.

B. ADDITIONAL FEATURES:

 1. LCD digital display unit indicating array
input current, load current, and battery
voltage, PSM-3 or approved equal.  Unit
shall fit in door of DC load center cabinet.

 2. Battery temperature compensator.

 3. Lightning arrestor.

 4. Factory calibration of battery charge
controller for specified batteries.

 5. Inverter bypass switch.

 6. A permanent label shall be posted near
the main PV disconnect switch that
contains the following information per
NEC 690-52:

a. Operating current (system’s
maximum power current).
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b. Open-circuit current.

c. Operating voltage (system’s
maximum power voltage)

d. Open-circuit voltage.

 7. Furnish all other equipment, conductors,
conduit, hardware and appurtenances as
specified and/or required for a complete
and operable system.  A 3/4 inch sheet of
exterior grade painted plywood shall be
supplied with the mounting locations for
DC load center and inverter clearly
identified.

2.08  Inverter:

As manufactured by Trace Engineering,
Arlington WA 98223 or approved equal.
Inverter shall have at a minimum the
following features:

 1. ETL listed.

 2. Nominal DC input voltage of 48 Vdc, AC
output voltage (RMS) of 120 Vac @ 60 Hz.

 3. Continuous power rating of 4000 VA or
5500 VA @ 20ºC.

 4. Peak efficiency of 96%.

 5. Automatic AC transfer relay rated at 60
amps.

 6. Maximum charging rate of 60 amps.

A. Programming: Unit shall be programmable,
with separate user and setup menus.  Unit
shall have lighted back-lit LCD display on the
control panel.  The LCD display shall also
indicate Inverter Amps, Input Amps, Load
Amps, Battery Volts DC, and Inverter Volts
AC. Control panel LED’s shall report the
status of Line-Tie, AC1-In, Bulk, Error,
Inverting, AC2 IN, Float & Over current
conditions.  Recommended settings of each
inverter set point shall be summarized in the
operation and maintenance manual and on a
laminated card to be placed near the inverter.

B. Operating modes: The inverter shall be
capable of parallel operation with the existing
AC generator.  The inverter shall synchronize
its output waveform with that of the AC
input source.  The inverter shall function in
the following modes for this project:

 1. Generator auto-start mode: Unit shall be
capable of automatically starting the
generator when battery voltage drops at
or below 80% depth of discharge (as
published by battery manufacturer).  A
“quiet-time” feature shall also be built
into the unit to restrict generator
operation during programmed time
periods.

 2. Generator support mode: When charging
batteries from a generator, the inverter
shall be capable of monitoring the
generator’s output voltage and current.
If the voltage or current falls outside user
adjustable limits, the inverter shall shed
itself as a load and reverse power flow if
necessary to assist the generator.

 3. Battery charger mode: Unit shall have
three stage temperature compensated
charging algorithm for charging batteries.
Unit shall have remote battery
temperature probe.  Unit shall operate in
manual equalize mode with adjustable
settings.  Unit shall have automatic
“Back-Off” system to prevent
overloading of generator or nuisance
tripping of input breakers.

 4. Inverter mode: Unit shall have low
battery cutout voltage with adjustable
time delay to prevent damaging batteries.
Unit shall have protection circuitry
against over-current, short circuit, over
temperature, low battery voltage and
high battery voltage conditions.

2.09  Grounding:

A. Maintain a single point, negative ground
throughout the PV system.  Array shall be
included in the grounding system.

B. System grounding shall be according to the
NEC and include 15 feet of properly sized
grounding conductor, ground rod and clamp.
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2.10  Equipment Summary Table:

The following table provides a summary of the
photovoltaic equipment required under this
contract.  Additional items and equipment are
required to make the system complete and
functional.

1Elevate mount 6 inches  above roof to
 clear standing seam of metal roof.

Pariette Chicken Mt. Trumbull Mud FlatSite

# Modules

Batteries Qty./
Model #

Inverter Size
(continuous

power rating)

Output  Voltage

Array Mount
Tilt

Array Output
Cable Length

Battery Cable
Length

Delivery
Location

Contact

16 20 40 32

8/8G8D 8/8G8D 8/3-90A-23 12/8G8D

4.0 kW 4.0 kW 11 kW 5.5 kW
(Dual Inverter)

120 Vac 120 Vac 120/240 Vac 120 Vac

Roof/20º1 Roof/64º1 Pole Pole

50 feet 35 feet 60 feet 60 feet

15 feet 10 feet 15 feet 10 feet

Vernal Field Office
170 S. 500 East
Vernal, UT 84078

Tok Field Office
P.O. Box 309
Tok, Alaska 99780

Arizona Strip Field Office
345 E. Riverside Dr.
St. George, UT 84790

Boise Field Office
3948 Development Ave.
Boise, ID 83705-5389

John Wood
(435) 781-4400

Kent Davis
(907) 883-5121

Ken Moore
(435) 628-4491

Bob Stucker
(208) 384-3300
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C .1  GENERAL

C.1.1  Summary:

A. Provide photovoltaic (PV) water pump
systems capable of supplying the specified
quantities of water complete with modules,
support rack, disconnects, controller, motor/
pump unit, related wiring and other items
required ready for government installation.
The systems shall operate automatically, with
no user attention during daylight hours.
They shall pump water proportional to the
amount of incident sunlight.

B. Work data: All pumps will be located within
50 miles of Delta, Utah except pump #6, Holtz
Creek, which will be located near Cedar City,
Utah, pump #7 which will be located near
Grand Junction, Colorado, pump #8 which
will be located near Salt Lake City, Utah, and
pump #9 which will be located near
Kingman, AZ.

C.1.2  Submittals:

A. General: Submittals shall be sent to
Contracting Officer, P.O. Box 45155, Salt Lake
City, UT 84145-0155.  Submittals shall be
approved by the Contracting Officer prior to
delivery of systems.

B. Manuals: An installation, operating, maintenance
and user manual shall be included with each
system.

1. Installation, operating and maintenance
instructions: Submit 1 copy of installation,
operation and maintenance manuals,
intended for service personnel.  The manuals
shall include recommended acceptance test
procedures, a schedule of preventative
maintenance procedures, a suggested spare
parts list, a trouble shooting index, all
component manufacturers specifications
sheets, recommended drop caple and drop
pipe size, and a set of mechanical drawings
and electrical schematics.  These drawings
must include identification of all PV system
components, electrical interconnections,
conductor types, sizes, and color coding,
fuse, circuit breakers and switch types/
ratings, and any other related information.
The system sizing and performance
(estimated daily water output in gallons per
day) calculations over a 12 month period
shall also be included.

2. Users manual: Submit 1 copy of a separate
users manual intended for system operator.
The manual must include all information
pertaining to the proper use of the system,
including a basic system theory of operation,
specific instructions on the use of the system
monitoring equipment, a user trouble
shooting guide, and a discussion on any load
limitations.

PHOTOVOLTAIC
PUMPING SYSTEM
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C.2  PRODUCTS

C.2.1  Equipment:

A. General:  PV pumping system shall meet the
requirements of the NEC articles 690 and all
other applicable articles to ensure installer/
operator safety.  Equipment shall be UL listed
where available.  All equipment and
conductors shall be capable of operating in
temperatures of -20ºC to 45ºC.  PV pumping
system shall also include the following:

1. A manual electrical disconnect (safety
switch) that shuts off power from the PV
power supply shall include hardware to
attach to an array support pole above or
below the pump controller.

2. System shall be grounded according to
the NEC articles 250 and 690.

B. Photovoltaic power supply: Power supply
shall be complete with PV array, mounting
structure, controller, and any balance of
system hardware and conductors required for
“above ground” installation.  The power
supply shall be sized by supplier and be
capable of supplying the pump controller
proper current and voltage.  In each case, the
array will be installed within 30 feet of the
well head.

1. Photovoltaic modules shall be UL listed
and include a minimum 10 year 90%
power rating warranty.  System #7 shall
include a minimum of 1920 rated array
watts.

2. Module support structures shall mount
either on the top or side of a SCH 40 pipe
mast furnished and installed by the

government.  Either passive tracking or
fixed array are acceptable except for
system #7 which shall include passive
tracking racks as manufactured by
Zomeworks or equal.  Mast spacing and
size to be determined by the supplier.

3. Bypass diodes shall be installed in
modules according to module
manufacturers requirements.

4. Power supplies must display hazard
warning signs where there is a high
voltage danger to the installer/operator.

5. Controller shall be designed to work
specifically with manufacturers motor/
pump unit.  Controller shall include
hardware required to mount directly to
array support pole and shall be in a
raintight NEMA enclosure.  Controller
shall include on/off switch and
connection for external float switch.

C. Submersible motor/pump unit: motor/pump
unit shall be multistage, centrifuge type,
brushless motor, capable of operating
submersed in 50 feet of water.  System #7
shall be capable of delivering a maximum of
9.7 gpm and shall include a Grundfos SP2A-
15PM submersible pump/motor or equal.

1. Pump and motor materials exposed to
water shall be corrosion resistant, and
require no maintenance for a 10 year
period or more.

2. The pump shall be internally threaded
and have a built in check valve and
pump inlet screen.

3. Provide two waterproof splice connection
kits per pump to connect pump leads to
government furnished drop cable.

C.3  DELIVERY

A. Delivery schedule: Systems shall be
delivered acording to the following
schedule:
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System #        Location

1-5 Fillmore Field Office
Attn: Tom Memmott 
(801) 322-3109
35 East 500 North
Fillmore, Utah  84631

6 Cedar City Field Office
Attn: Paul Chamberlin
(801) 865-3014
176 D. L. Sargent Drive
Cedar City, Utah 84720

7 Grand Junction District Office
Attn: Gordon Gardunio
(970) 244-3186
2815 H Road
Grand Junction, CO 81506

8 Salt Lake District Office
Attn: Riley Draper
(801) 977-4300
2370 South 2300 West
Salt Lake City, UT 84119

9 Kingman District Office
Attn: Bruce Asbjorn
(520) 692-4400
2475 Beverly Ave.
Kingman, AZ 86401
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