





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SOLICITATION NO.: W912QR-12-R-0018
* % % SAFETY PAYS * * *

Polybutylene piping shall not be used. Piping components shall be joined by
a heat fusion method that conforms the piping manufacturer®s recommendation
for this application. During installation, keep trash, soil, and foreign
objects out of the pipe. Tape or cap ends of the pipe until the pipe is
joined to the circuit. The vertical loop take-off tee fittings may be made
using tee fittings or the saddle fusion process on header piping 1.25 inches
diameter and above. Completely remove the cutout on the saddle tees. Use
bell reductions at pipe reductions. Use reducing socket tees when
fabricating socket type reducing headers. Avoid sharp bends and mitered
elbows and bends in piping. Consult pipe manufacturer for minimum bend
radius. Install elbow fittings at changes in pipe direction that are
tighter than the minimum recommended bend radius. Use only continuous pipe
in vertical U-bend loops.

3.4.4 Heat Fusion Process

Joining shall be either by butt, socket, or saddle (for sidewall
applications only) fusion in accordance with the manufacturer®s Heat Fusion
Qualification Guide. Use socket fusion joints for pipe 3/4 inches diameter
and less. Use butt fusion joints for pipe greater than 3/4 inches
diameter. Different plastics or grades of plastic shall not be fused
together. When fusing pipe, perform heat fusion tests to verify the
quality of the joints. Notify the Contracting Officer, the results of the
heat fusion tests.

3.4.5 Pressurizing

After assembly of the entire ground loop system, Ffill the system with water
and pressure test to 100 psi. Visually inspect welds prior to backfill of
the trenches.

3.4.6 Pipe ldentification

Install metalized (detectable) warning and identification tape above each
horizontal pipe run. Install tape a minimum of 6 inches below finish
grade. Install mechanical identification of vertical bore holes and
connecting headers.

3.4.7 Tracer Wire

Install a continuous length of tracer wire for the full length of each run
of nonmetallic pipe. Attach wire to top of pipe in such manner that it
will not be displaced during construction operations.

3.4.8 Threaded Fittings

Threaded joints shall be sealed with a sealant compatible with the
circulating fluid; use of lubricating tape for sealing is not permitted.
Do not thread metal pipe into plastic pipe or vice versa. Direct buried
threaded joints are not permitted. Threaded joints may be used only above
grade, within mechanical spaces, or within valve pits.

3.5 FIELD PAINTING AND FINISHING

Requirements for field painting and finishing are specified in Section
09 90 00 PAINTS AND COATINGS.
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3.6 FLUSHING AND PURGING GROUND HEAT EXCHANGER

Before connection of the plastic ground heat exchanger loops to the header,
flush and purge each loop thoroughly in accordance with IGSHPA 21020
recommendations and leave filled with clean water. |If the loop is not
immediately joined to the header, it shall be taped or capped. Purge and
vent the ground heat exchanger system piping of all air.

3.7  ADJUSTMENTS

Adjust controls and equipment so as to give satisfactory operation. Adjust
entire water temperature control system and place in operation so that
water quantities circulated are as indicated. Adjust and balance air duct
systems so that air quantities at outlets are as indicated and so that
distribution from supply outlets is free from drafts and has uniform
velocity over the face of each outlet.

3.8 INSTRUCTING OPERATING PERSONNEL

Upon completion of work and at time designated by Contracting Officer,
provide services of water source heat pump manufacturer®s technical
representative for period of not less than one 8-hour working day for
instruction of Government operating personnel iIn proper operation and
maintenance of equipment.

3.9 FIELD QUALITY CONTROL

Upon completion and before final acceptance of work, test each system in
service to demonstrate compliance with the contract requirements. Adjust
controls and balance systems prior to final acceptance of completed
systems. Test controls through every cycle of operation. Test safety
controls to demonstrate performance of required function. Correct defects
in work provided by Contractor and repeat tests. Furnish fuel, water,
electricity, instruments, connecting devices, and personnel for tests.
Flush and clean piping before placing in operation. Clean equipment,
piping, strainers, ducts, and filters.

3.9.1 Piping Systems Except for Ground Heat Exchanger and Refrigerant
For above ground piping systems, and steel or copper piping systems: Before
insulating, hydrostatically test each new piping system at not less than
188 psi based on 1.5 times a system pressure of 125 psig. Maintain
pressure for 2 hours with no leakage or reduction in gage pressure. Obtain
approval before applying insulation.
3.9.2 Flow Test of Ground Heat Exchanger Piping
Before backfilling the trenches, flush, purge, and vent systems of air and
flow test to ensure all portions of the heat exchanger are properly flowing
using the procedures recommended by IGSHPA 21020. Utilize a portable
temporary purging unit consisting of the following:
a. High volume, high head purge pump
b. Open reservoir
c. Filter assembly with bypass
d. Flow meter
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e. Pressure gage
f. Connecting piping
g- Connecting hoses

Using a purge pump and the procedures recommended by IGSHPA 21020, flush
and purge each ground heat exchanger system until free of air, dirt, and
debris. A velocity of 2 feet/sec is required in pipe sections to remove
the air. Purge and vent all air from the piping.

Perform the flushing and purging operation with the water source heat pumps
isolated by shutoff valves from the ground heat exchanger system. Allow
purge pump to run 15 minutes after the last air bubbles have been removed.
After the ground heat exchanger is completely flushed of air and debris,
open the isolation valves and permit circulation through the heat pumps
until the entire system is flushed and purged.

Utilizing the purging unit and the procedures recommended by IGSHPA 21020,
conduct a pressure and flow test on the ground heat exchanger to ensure the
system is free of blockage. ITf the flow test indicates blockage, locate
the blockage using the manufacturer®s recommendation, remove the blockage,
then repeat the purge procedure and conduct the pressure and flow test
again until all portions of the system are free flowing. The flow test
shall be observed and approved by the Contracting Officer.

After purging has been completed, add the required amount of antifreeze to
the system to achieve the required solution concentration.

Form 1, "Ground Heat Exchanger Inspection and Test Report" located below,
shall be completed for each system by the Contractor after completion of
the flow before the systems can be backfilled.
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FORM 1
GROUND HEAT EXCHANGER (GHX) INSPECTION AND TEST REPORT
NOTE: Use separate form for each GHX loop system.

Building: Inspection Date:

Ground Heat Exchanger No. or Description:

Does the ground heat exchanger have a Well Construction Permit? Permit
No.?

Does the ground heat exchanger have an approved well permit? Permit No.

List the WSHP Unit No."s served by this GHX:

Ground Heat Exchanger Design Water Flow - _ gpm

Calculated purging flow and press to achieve 2 feet/sec

Purging: Flow _ gpm Head = psi, Duration of test _ min.
Hydrostatic test pressure _ psi; Duration __ min.

Did the system pass the pressure test?

Is antifreeze required in system? IT yes, was antifreeze measured?

Has a dimensioned drawing been prepared, completely and accurately showing
the layout of the ground heat exchanger?

Does the layout differ substantially from the contract documents?
IT so is the deviation approved?

Depth of installed vertical loops is feet. (Design is feet.)
Depth of horizontal piping is feet. (Design is feet.)

Are the trenches clear of sharp bends, rocks, or other sharp objects that
could restrict flow?

Are all joints heat fused (butt-, socket-, or saddle-fusion)?
Do the joints have the proper amount of roll-out?

Has the piping material been cut-out and properly removed from
saddle-fusion tees?

Grout Manufacturer? ; Percent of solids used in
grout? Grout Type? Grout Thermal conductivity, k? (give
units)

Was the system backfilled properly with good clean backfill material?

Attach the soil boring and water well log sheet for the bore hole?__ For
each well submit a Well Construction Log Record
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Comments:

Inspected and approved this date by

Title:
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3.9.3 Pressure Test of Ground Heat Exchanger Piping

Prior to any cover or backfill of bore holes or trenches and after flow
testing, flushing, and purging, the ground heat exchanger piping and
headers shall be pressure tested by hydrostatic test. The system shall be
isolated from all connections to piping. Ensure that the piping system has
been flushed of all dirt and debris. The piping shall then be plugged or
capped as necessary in preparation for the hydrostatic test(s).

3.9.3.1 Hydrostatic Test

The piping shall be hydrostatically pressurized to 150 percent of system
pressure and monitor piping. If there is any pressure loss or visible
leakage during the testing, the leak shall be identified and repaired in
accordance with the piping components manufacturer®s recommendations. Test
shall be repeated until there is no loss in pressure during the test
period. Provide results of test in test report. During testing, do not
exceed the pipe/pipe fitting manufacturer test pressure rating . Do not
pneumatic test the pipe. Prior to testing, remove all air from the system.
Provide test in accordance to IGSHPA standards.

3.9.4 Equipment Tests
3.9.4.1 Field Testing

Test each item of equipment in operation, for continuous period of not more
than 24 hours under every condition of operation in accordance with each
equipment manufacturer"s recommendation. Verify that each item of
equipment operating parameters are within limits recommended by the
manufacturer.

3.9.4.2 Field Test Plans

Furnish water-source heat pump field test plans developed by each equipment
manufacturer detailing recommended field test procedures for each item of
equipment. Field test plans developed by the installing Contractor, or the
equipment sales agency furnishing the equipment will not be acceptable.

The Contracting Officer will review and approve the field test plan for
each item of equipment listed below prior to commencement of field testing
of the equipment.

a. Equipment Items to Test:
Water-source water-to-air heat pumps - field acceptance test plan

Water-source water-to-water heat pumps - Ffield acceptance test plan

b. Coordinated Testing: Indicate in each field test plan when work
required by this section requires coordination with test work
required by other specification sections. Furnish test procedures
for the simultaneous or integrated testing of equipment controls
which interlock and interface with controls factory prewired or
external controls for the equipment provided under Section 23 09 23

LONWORKS DIRECT DIGITAL CONTROL FOR HVAC AND OTHER BUILDING
CONTROL SYSTEMS

c. Prerequisite Testing: Equipment for which performance testing is
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dependent upon the completion of the work covered by 23 05 93
TESTING, ADJUSTING, AND BALANCING shall have that work completed
as a prerequisite to testing work under this section. Indicate in
each field test plan when such prerequisite work is required.

Test Procedure: Indicate in each field test plan each equipment
manufacturer®s published installation, start-up, and Ffield
acceptance test procedures. Include in each test plan a detailed

step-by-step procedure for testing automatic controls provided by
the manufacturer. Each test plan shall include the required test
reporting forms to be completed by the Contractor®s testing
representatives. Structure procedures to test the controls
through all modes of control to confirm that the controls are
performing with the intended sequence of control. Controllers
shall be verified to be properly calibrated and have the proper
set point to provide stable control of their respective equipment.

Performance Variables: Each test plan shall list performance
variables that are required to be measured or tested as part of
the field test. Include in the listed variables performance
requirements indicated on the equipment schedules on the design
drawings. Furnish with each test procedure a description of
acceptable results that have been verified. Identify the
acceptable limits or tolerances within which each tested
performance variable shall acceptably operate.

Job Specific: Each test plan shall be job specific and shall
address the particular item of equipment and particular conditions
which exist with this contract. Generic or general preprinted
test procedures are not acceptable.

Specialized Components: Each test plan shall include procedures
for field testing and field adjusting specialized components, such
as hot gas bypass control valves, or pressure valves.

Field Test Reports
Equipment Items to Test:
Water-source water-to-air heat pumps - field acceptance test report

Water-source water-to-water heat pumps - field acceptance test
report

Manufacturer®s Recommended Test: Conduct the manufacturer-”s
recommended field testing in compliance with the approved test
plan specified above. Furnish a factory trained field
representative authorized by and to represent the equipment
manufacturer at the complete execution of the field testing.

Operational Test: Conduct a standard continuous 24 hour
operational test for each item of equipment. Equipment shutdown
before the test period is completed shall result in the test
period being started again and run for the required duration. For
the duration of the test period, compile an operational log of
each item of equipment. Log required entries every 2 hours. Use
the test report forms for logging the operational variables.
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d. Notice of Tests: Conduct the manufacturer®s recommended tests and
the operational tests; record the required data using the approved
reporting forms. Notify the Contracting Officer in writing at
least 15 calendar days prior to the testing. Within 30 calendar
days after acceptable completion of testing, submit each test
report for review and approval.

e. Report Forms: Type data entries and writing on the test report
forms. Completed test report forms for each item of equipment
shall be reviewed, approved, and signed by the Contractor®s test
director and the QC Manager. The manufacturer®s field test
representative shall review, approve, and sign the report of the
manufacturer®s recommended test. Signatures shall be accompanied
by the person®s name typed.

f. Deficiency Resolution: The test requirements acceptably met;
deficiencies identified during the tests shall be corrected in
compliance with the manufacturer"s recommendations and corrections
retested to verify compliance.

3.9.5 Soil Thermal Conductivity Testing

Perform soil thermal conductivity testing of the well system project
location. The test will establish the thermal properties for design of the
well field and the subsurface conditions at the site. The test will be
performed by performed under the supervision of and certified by the ground
source heat pump (GSHP) specialist. The test will be performed at
determined by the geothermal well field designer. Each test will contain a
minimum of 48 hours of recorded data.

3.9.5.1 Soil Thermal Conductivity Testing Set-up

Conduct and perform tests in accordance with the procedures outlined in
ASHRAE Item 90376.

3.9.5.2 Data Recording and sensor accuracy

Record data by means of automatic data logging equipment intended for such
purposes and suitable for service of local ambient outside conditions.
Protect compensated thermocouple reference junctions, if used, either from
separate from the data logging equipment or integral to it, from rapid
changes in environmental conditions. Record data at uniform 5 minute time
intervals during the 48 hour test period. Data recorded will include a
minimum time, inlet and outlet temperatures, heater power input,
circulating pump power input, and ambient temperatures.

Temperature Measurements: Measure inlet and outlet temperatures with
immersion temperature sensors. The temperatures sensors shall be
calibrated every six months and have a valid calibrated stamp.
Include the date and results from the most recent calibration in
the test report. Any change-out of the temperature sensor in the
system or data logger will require re-calibration.

Temperature Sensor calibration and accuracy: The combined rated
sensor and data logger accuracy will be +- 1 degree F or better.
Verify temperature sensor and data logger accuracy and
calibration at first use of the testing device during the test.
The testing equipment shall have been calibrated semi-annually by
immersion in ice and water bath. A calibration certificate stamp
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with date shall be on the test device. The result from the
verification test using ice water bath shall not differ from 32
degrees F by more than the required data accuracy. Additional
readings will not differ from one another by more than +- 0.5
degrees F when simultaneously immersed in the ice bath.

Power Measurements: Measure heater and circulating pump power input.
Power measurements shall be independently determined by using
power transducers with the manufacturer stated accuracy of +- two
percent or better at the level of power consumption for the test.

Flow Rate Measurements: Measure the flow rate. Flow rate shall be
measured using a variable flow meter calibrated by the flow meter
manufacturer having a rated accuracy of +- two percent of full
scale. Full scale or maximum rated flow for the flow meter shall
not exceed actual flow rate by more than 70 percent.

3.9.5.3 Test Borehole Construction

Prepare the bore hole in a manner in which the heat exchangers will be
ultimately installed to the extent possible with respect to the bore hole
size, pipe diameter , grouting method, and grout types as indicated. The
installation of the test bore hole shall be as indicated for the vertical
well field. The bore hole depth shall not vary more than 5 percent from
the indicated design depth. Materials of the test borehole and heat
exchanger shall be as indicated.

a. At least 6 feet of excess pipe shall be left protruding above
grade upon completion of the test borehole construction.
Temporarily cap the ends of the protruding pipes until the actual
testing begins. All local and state codes and regulations will be
adhered to during the construction of the test bore hole. Where
any discrepancy exists between local codes and regulations and
this specification, the more stringent requirement applies. The
U-tube assembly shall be factory assembled and pressure tested to
100 psig prior to insertion into the vertical bore. All
connections shall be by heat fusion.

b. During the completion of the test borehole, maintain a water well
and soils property log. For each well submit a Well Construction
Log Record

3.9.6 ON-SITE TRAINING

The Ground Source Heat Pump Specialist shall conduct a training course for
operating and maintenance personnel as designated by the Contracting
Officer. Training shall be provided for a period of 16 hours of normal
working time and shall start after the system is functionally complete but
prior to the performance tests. The on-site training shall cover all of
the items contained in the approved Operation and Maintenance Data packages.

-- End of Section --
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SECTION 23 82 46

ELECTRIC UNIT HEATERS
08/08

PART 1 GENERAL
1.1 REFERENCES

The publications listed below form a part of this specification to the
extent referenced. The publications are referred to within the text by the
basic designation only.

UNDERWRITERS LABORATORIES (UL)

UL 1996 (2009; R 2009) Standard for Electric Duct
Heaters

1.2 GENERAL REQUIREMENTS

Section 26 00 00.00 20 BASIC ELECTRICAL MATERIALS AND METHODS applies to
work specified in this section.

Include within the Fabrication Drawings for electric heaters the of
fabrication and assembly details to be performed in the factory.

Include with the Equipment and Performance Data for electric heaters life,
test, system functional flows, safety features, and mechanical automated
details.

Include with the Manufacturer®s Instructions for electric heaters the
special provisions required to install equipment components and system
packages. Detail impedances, hazards and safety precautions within the
special notices.

1.3 SUBMITTALS
Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for information only. When
used, a designation following the "G" designation identifies the office
that will review the submittal for the Government. Submit the following in
accordance with Section 01 33 00 SUBMITTAL PROCEDURES:
SD-02 Shop Drawings

Submit Fabrication Drawings in accordance with paragraph entitled,
"General Requirements,'" of this section.

SD-03 Product Data

Submit Equipment and Performance Data in accordance with paragraph
entitled, "General Requirements," of this section.

Submit manufacturer®s catalog data for the following items:
Electric Unit Heaters

Heating Element
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Controls
Casings
Propellers and Motors
SD-08 Manufacturer®s Instructions

Submit Manufacturer®s Instructions in accordance with paragraph
entitled, "General Requirements,"™ of this section.

PART 2  PRODUCTS
2.1  PRODUCT STANDARDS

Conform to the requirements of UL 1996 for electric unit heaters.
2.2  DESCRIPTION

Use Suspended electric unit heaters and arrange for discharge of air as
indicated.

Provide Electric unit heaters with not less than the indicated capacity and
conform to requirements specified herein.

Factory prewire Electric unit heaters, ready for field terminal connections.
2.3 CASINGS

Construct casings with smoothly contoured propeller orifice rings of not
less than 16-gage zinc coated carbon steel.

2.4 HEATING ELEMENT

Element assemblies shall consist of two or three corrosion-resistant,steel-
sheathed type elements mechanically bonded to common corrosion-resistant
steel fins. Each sheathed element consist of helically coiled nickel
chromium alloy resistant wire completely embedded in and surrounded by
magnesium oxide, enclosed and wedged into corrosion resistant steel
sheaths. Elements have 2” (50.8 mm) cold conductor pins extending into
sheath and have a density of no more than 60 watts per inch.

Maximum surface temperature of porcelain-protected steel sheathing shall be
700 degrees F.

Maximum surface temperature of cast-aluminum sheathing shall be 500 degrees
F.

2.5 CONTROLS

Electric unit heater shall inlcude a built-in thermostat.

2.6  MOTORS

Motors shall be permanently lubricated, unit bearing, totally enclosed
shaded pole type with impedance protection. Motors operate at no more than
1,300 rpm (21.7 RPS) and are the same voltage as the heater.
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Conform to Section 26 60 13.00 40 LOW-VOLTAGE MOTORS for motors except that
load-matched and custom-designed motors may be used and be so identified on
the shop drawings. For motors not so identified conform to the
requirements specified.

Provide motor identification plate per manufacturer®s standard.
Provide motor speed and control per unit-heater manufacturer®s standard.
PART 3  EXECUTION

3.1 INSTALLATION

Install unit heaters in accordance with the manufacturer®™s instructions at
the mounting heights indicated.

3.2 FIELD TESTING

Demonstrate in the presence of the Contracting Officer that the unit
heaters operate satisfactorily.

Cycle unit heaters five times, from start to operating thermal conditions
to off, to verify adequacy of construction, system controls, and component
performance.

Conduct an operational test for a minimum of 6 hours.

-- End of Section --
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