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SECTI ON 23 81 47

WATER- LOCP AND GROUND- LOCP HEAT PUWMP SYSTEMS
08/08

NOTE: This gui de specification covers the
requi renents for water source heat punp systens and
ground source cl osed-1oop heat punp systens.

This specification is based on two contract
approaches for providing these systens: separate
design and contractor installed systens
(Design-Bid-Build) and contractor design and
installed systens (Design-Build or performance based
contracting). The designer selects required
preference for the contract approach. Contractor
design and install is limted to ground source

cl osed- | oop heat punmp systens.

Adhere to UFC 1-300-02 Unified Facilities CGuide
Speci fications (UFGS) Fornmat Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
items, choose applicable iten(s) or insert
appropriate information.

Remove information and requirenents not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmmended changes for
this gui de specification are wel cone and shoul d be
submitted as a Criteria Change Request (CCR.
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NOTES:

1. There are two nain types of ground source heat
punp system closed | oop systenms and open systens.
Open systens use and di spose of ground water. There
are variations of closed | oop systens based on the
configuration of pipe orientations. This
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specification covers only closed-loop systens. This

specification also covers water |oop systens that

are pf the not ground-source type.

2. Systemdesign requirenents nust conformto UFC

3-410-01 "Heating, Ventilating, and Air Condition
Systens", ASHRAE G ound- Source Heat Punps Manual

ASHRAE |tem 90376 (1 SBN1-883413-52-4), ASHRAE 90.

SI ASHRAE 90.1 - | P including paragraph 6.5.2.2.3
and | GSHPA Desi gn Manual s.

3. The designer shall becone familiar with the
| ocal and state regul ations regardi ng geot her mal

wells and water wells. The designer shall design

and specify the heat exchanger systenms to neet th

specific local and state regul ations that may be

requi red, such as:

Well driller licensing

Pump installer licensing

Wl |l construction permt

State approved wel |l permt

Al | owabl e grout requirenments
Al | owabl e heat transfer fluids
Al l owabl e pipe materials

Wel | construction |og record
Aut hori zation to Install and Operate
Antifreeze fluid

Water treatnent chemcals
Corrosion inhibitors

*% *% *% *% *% *% *% *% *% *% *%%
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NOTES: The follow ng information shall be shown

the project design draw ngs:

1. Design paraneters for each item of equi pnent
i ncludi ng capacity, efficiency, sound ratings, no

speeds, electrical characteristics, and special
features.

i ng

1 -

e

on

tor

2. Design heat punp systens for energy efficiency

in conpliance with FEMP/ Energy Star requirenents
speci fied at www.eere.energy.gov/femp/procurement

and www.energystar.gov/products In sel ection of

equi prent, consider life cycle cost. Select the nopst

efficient equipnent for which there are at | east
products avail able for the designed capacity.

I ndi cate the equi pnent operating requirenments,

i ncludi ng efficiency, on the draw ngs.

3. The locations of access doors for valves.

4. Show configuration, slope and |ocation of eac
pi pi ng system such as: above or bel ow floors, abo
or bel ow ceilings, above or bel ow roofs, above or
bel ow ground.

5. Show a piping diagramw th val ves, flushing
station, fill station, flexible connections, hose
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kits, Pete's plugs, drains, etc. Show |location
sizes, and type of each val ve

6. Show water flow rate, entering and | eaving water
tenperatures, air flowrate, and entering and

| eaving air tenperatures for both cooling and
heating | oads. Show a water-Ioop and/or ground-I| oop
heat punp schedul e. Show a well depth schedul e.

7. Show a ground-| oopheat punp well and piping

pl an. Show reconmended mni ni num di st ance between
well's. Show the well pattern arrangenent. Show any
existing utilities.

8. Scal e ranges for pressure gages and thernoneters.

9. Show control schenes. Show optiona
desuper heater for donestic water use where necessary.

10. Design working pressures and tenperatures for
each system

11. Only drawi ngs (not specifications) shal

i ndi cate capacity, efficiency, dinensions, details,
pl an vi ews, sections, elevations and | ocation of
equi prent; and space required for equi prent
maintenance.

12. Show specific geothermal well requirenents as
they relate to local and state regul ations.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

PART 1 GENERAL

1.1 REFERENCES

NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
thi s paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard's Check Reference feature
when you add a Reference ldentifier (RI D) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard' s Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci ficati on when you choose to reconcile
references in the publish print process.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
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basi ¢ designation only.

AVERI CAN SOCI ETY OF HEATI NG, REFRI GERATI NG AND Al R- CONDI TI ONI NG
ENG NEERS ( ASHRAE)

ASHRAE 52.1 (1992; Interpretation 1 2007) Gravinetric
and Dust-Spot Procedures for Testing
Ai r-C eani ng Devices Used in General
Ventilation for Renmoving Particul ate Matter

ASHRAE 62. 1 (2010) Ventilation for Acceptable |ndoor
Air Quality

ASHRAE FUN | P (2017) Fundanental s Handbook, I-P Edition

ASHRAE FUN SI (2017) Fundanental s Handbook, SI Edition

ASHRAE | tem 90376 (1997) G ound- Source Heat Punps, Design of

Geot hernal Systens for Conmercial and
Institutional Buildings

ASME | NTERNATI ONAL ( ASME)

ASME B31.5 (2016) Refrigeration Piping and Heat
Transfer Conponents

ASME B31.9 (2014; Errata 2015) Building Services
Piping

ASTM | NTERNATI ONAL ( ASTM

ASTM A126 (2004; R 2014) Standard Specification for
Gray lron Castings for Val ves, Flanges,
and Pipe Fittings

ASTM A53/ A53M (2012) Standard Specification for Pipe,
Steel, Black and Hot-Di pped, Zinc-Coated,
Wl ded and Seanl ess

ASTM A653/ A653M (2017) Standard Specification for Steel
Sheet, Zinc-Coated (Gal vani zed) or
Zinc-lron Al oy-Coated (Gal vanneal ed) by
the Hot-Di p Process

ASTM B117 (2016) Standard Practice for Operating
Salt Spray (Fog) Apparatus

ASTM B265 (2015) Standard Specification for Titanium
and TitaniumAlloy Strip, Sheet, and Plate

ASTM B333 (2003; R 2008) Standard Specification for
Ni ckel - Mol ybdenum Al | oy Pl ate, Sheet, and
Strip

ASTM B424 (2011; R 2016) Standard Specification for

Ni - Fe- Cr- Mo-Cu Al l oy (UNS N08825 and UNS
N08221, and UNS NO6845) Pl ate, Sheet, and
Strip
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ASTM B62 (2017) Standard Specification for
Conposi ti on Bronze or Qunce Metal Castings

ASTM D1177 (2017) Standard Test Method for Freezing
Poi nt of Aqueous Engi ne Cool ants

ASTM D2447 (2003) Standard Specification for
Pol yet hyl ene (PE) Pl astic Pipe, Schedul es
40 and 80, Based on Qutside Dianeter

ASTM D2513 (2014; E 2014) Thernopl astic Gas Pressure
Pi pe, Tubing, and Fittings

ASTM D2657 (2007; R 2015) Heat Fusion Joining
Pol yol efin Pipe and Fittings

ASTM D2683 (2014) Standard Specification for
Socket - Type Pol yet hyl ene Fittings for
Qutside Dianmeter-Controlled Pol yethyl ene
Pi pe and Tubi ng

ASTM D3035 (2015) Pol yethyl ene (PE) Plastic Pipe
(DR-PR) Based on Controlled Qutside
Diameter

ASTM D3261 (2016) Standard Specification for Butt

Heat Fusion Pol yethylene (PE) Plastic
Fittings for Polyethylene (PE) Plastic
Pi pe and Tubi ng

ASTM D3350 (2012) Pol yet hyl ene Plastics Pipe and
Fittings Materials

ASTM D3892 (1993; R 2009) Packagi ng/ Packi ng of
Plastics

ASTM D92 (2012a) Standard Test Method for Flash and

Fire Points by Cl evel and Open Cup Tester

ASTM F1105 (2009; R 2014) Preparing Aircraft O eaning
Conpounds, Liquid-Type,
Tenperature-Sensitive, or Solvent-Based,
for Storage Stability Testing

ASTM F1290 (1998a; R 2011) El ectrofusion Joining
Pol yol efin Pipe and Fittings

ASTM F402 (2005; R 2012) Safe Handling of Sol vent
Cenents, Primers, and C eaners Used for
Joi ni ng Thernopl astic Pipe and Fittings

| NTERNATI ONAL GROUND SOURCE HEAT PUMP ASSCOCI ATl ON (| GSHPA)

| GSHPA 21010 (1991) G outing Procedures for
Ground- Sour ce Heat Punp Systens
| GSHPA 21015 (2000) G outing for Vertical GHP Systemns
| GSHPA 21020 (1988) d osed-Loop/ Ground- Sour ce Heat Punp
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SystenfInstallation Guide

| GSHPA 21035 (2017) Design and Installation Standards
| GSHPA 21060 (1989) Soil and Rock Classification Field
Manual

| NTERNATI ONAL ORGANI ZATI ON FOR STANDARDI ZATI ON (| SO

| SO 13256-1 (1998) Water-Source Heat Punps - Testing
and Rating for Performance - Part 1:
Water-to-Air and Brine-to-Air Heat Punps

| SO 13256- 2 (1998) Water-Source Heat Punps - Testing
and Rating for Performance - Part 2:
Wat er -t o- Wat er and Brine-to-\Water Heat
Pumps

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS
| NDUSTRY ( MBS)

M5S SP-58 (1993; Reaffirmed 2010) Pi pe Hangers and
Supports - Materials, Design and
Manuf acture, Selection, Application, and
Installation

MBS SP- 69 (2003; Notice 2012) Pipe Hangers and
Supports - Selection and Application (ANSI
Approved Anerican National Standard)

NATI ONAL ELECTRI CAL MANUFACTURERS ASSCCI ATI ON ( NEMA)
NEVA MG 1 (2016; SUPP 2016) Mdtors and Generators

NEMA MG 11 (1977; R 2012) Energy Managenent Quide for
Sel ection and Use of Single Phase Mtors

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 (2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2;
TIA 17-3; TIA 17-4; TIA 17-5; TIA 17-6;
TIA 17-7; TIA 17-8; TIA 17-9; TIA 17-10;
TIA 17-11; TIA 17-12; TIA 17-13; TIA
17-14) National Electrical Code

NFPA 704 (2017) Standard System for the
Identification of the Hazards of Materials
for Emergency Response

NATI ONAL | NSTI TUTE OF STANDARDS AND TECHNOLOGY (NI ST)

NI ST HB 135 (1995; Annual Suppl 2010) Life Cycle
Costing Manual for the Federal Energy
Managenent Program

NSF | NTERNATI ONAL ( NSF)

NSF/ ANSI 60 (2016; Addenda 2016) Drinking Water

Treatnent Chenmicals - Health Effects
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1

SHEET METAL AND Al R CONDI TI ONI NG CONTRACTORS' NATI ONAL ASSOCI ATI ON
(SMACNA)

SIVACNA 1966 (2005) HVAC Duct Construction Standards
Metal and Flexible, 3rd Edition

U.S. NATI ONAL ARCHI VES AND RECORDS ADM NI STRATI ON ( NARA)
29 CFR 1910 Cccupational Safety and Health Standards
UNDERWRI TERS LABORATORI ES (UL)

UL 10B (2008; Reprint Feb 2015) Fire Tests of
Door Assenblies

UL 94 (2013; Reprint Sep 2017) UL Standard for
Safety Tests for Flanmmability of Plastic
Materials for Parts in Devices and
Appliances

2 SYSTEM DESCRI PTI ON

NOTES: 1. Select fourth sentence for
wat er - | oopheat punp systens and fifth sentence for
ground- | oop heat punmp systens.

2. For contractor design and installed systens
(performance based contracting), select bracketed
"Design and". Tailoring is added for design-build
optional brackets. For projects that have separate
design and contractor installed work, do not sel ect
"Design and" brackets. Select the appropriate
brackets.

3. For water to air applications that have ductwork
to distribute hot or cold air and to provide
humidity control, use ARI/ISO 13256-1 as the
standard for water source heat punps.

4. For water to water applications such as in
hydronic or circulating fluid systens, donestic
wat er heating systens, radi ant heating systens,
etc., use |1SO 13256-2 as the standard for water
source heat punps.

*% *% *% *% *% *% *% *% *% *% *%%

[ Design and] Provide [new] [and nodify existing] [ground-|oop][water-Ioop]
heat punp systens conplete and ready for operation. Systens include heat
punps, system equi prent, piping, punps, electrical equiprment, controls,
[wells,] and [ground heat exchanger][condenser]. [Design and] Installation
of [ground-1oop][water-1oop] heat punp systens including equipnent,
materials, installation, workmanship, fabrication, assenbly, erection,

exam nation, inspection, and testing shall be in accordance with ASME B31. 9,
ASME B31.5, ASHRAE FUN SI ASHRAE FUN I P, | GSHPA 21010, | GSHPA 21015,

| GSHPA 21020, | GSHPA 21035, | GSHPA 21060, NFPA 70, ASHRAE |tem 90376, |

| SO 13256-2][ | SO 13256-1]and [| SO 13256-2] as suppl enented and nodified by
this section. [Provide water-loop heat punp condenser piping under Section

SECTION 23 81 47 Page 10



23 64 26 CHI LLED, CHI LLED HOT, AND CONDENSER WATER PI Pl NG SYSTEMS. ]
[ Provi de ground coupl ed condenser | oop piping by the requirenents of this
section.]

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Insert the follow ng for design and instal
projects: "Gound-Loop Heat Punp System Design”

"Cal cul ations", "Detail Draw ngs", "Soil Therma
Conductivity Testing ", and "System Designer".
Tailoring is used for Design-Build optional brackets.

*% *% *% *% *% *% *% *% *% *% *% *%%

1.3 GROUND- LOOP HEAT PUMP SYSTEM DESI GN

[ Design ground-loop heat punp systens in accordance with the required and
advi sory provisions of NFPA 70, ASHRAE |tem 90376, | GSHPA 21020 and
| GSHPA 21035 except as nodified herein. Provide calculations. Each system
shall include materials, accessories, and equi pnent inside and outside the
building to provide each system conplete and ready for use. Design and
provi de each systemto give full consideration to opti mumwell spacing and
| ocation, piping, electrical equipment, punps, ground heat exchanger, and
ot her construction and equi prent in accordance with detail ed working
drawi ngs to be subnmitted for approval. Locate ground-loop wells in a
consistent pattern that would give the proper spacing between wells and the
opti num performance. Provide well and piping system | ayout draw ngs.

]1.3.1 Calculations
1.3.1.1 Methodology

[ Calculations shall be submtted as part of the design docunentation
Provide cal cul ations to deternine the system design of the ground-Ioop heat
punp system Provide cal culations for the HVAC | oads and | oad profiles.
Cal cul ati ons shall include conputer aided design prograns that include the
effects of thermal interaction between adjacent boreholes. Calculations
shal | include subnission of the software nane and version, and design
paraneters. Design paraneters shall include but not Iimted to soi
condi tions, ground water |evel, soil heat transfer coefficients, heat
transfer coefficient for grout materials, etc. Heat transfer and ot her
cal cul ations shall be prepared by the System Desi gner using conputer
software specifically intended for ground-l1oop heat punp systens. The
design shall be based on calculations that will provide the nost life cycle
cost effective ground-|oop heat punp system using an expected |ife of 25
years and shall be sized based upon the | oads shown on the drawings. Life
cycl e cost analysis shall be perforned as required by the NI ST HB 135 using
the current discount rates, factors, and energy cost rates.

1]1.3.1.2 Design

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkhkhkkkkkkkkkk

NOTE:

1. For ground-loop heat punp systens in the South
where there are limted heating requirenents and
where heat transfer fluids are not required, use the
second option regardi ng the m ni num wat er
tenperature or the 5th sentence

2. In first sentence, the designer should sel ect
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itens required for software output based on
antici pated software input.

3. The designer should select the maxi numentering
wat er tenperature: 90 degrees F is nore
conservative and allows |onger vertical |oops as
opposed to the industry standard of 95 degrees.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhkhkhkkkkkkkkkk

[ The di aneter, length, flow, velocity, [friction loss], [nunber and type
fittings], [total friction loss], and the [nmaxi num expected expansi on and
contraction] of the pipe shall be indicated in the programoutput. An
acconpanyi ng schematic drawi ng showi ng reference points used in the

cal cul ations shall be included with the calculations. The maximum entering
wat er tenperature to the heat punps under the peak air conditioning |oad
design condition should not exceed [ 32 degrees C 90 degrees F][ 35 degrees
C 95 degrees F]. The minimumentering water tenperature to the heat punps
under the peak heating | oad design condition should be no | ower than m nus
1 degrees C 30 degrees F.][The entering water tenperature to the heat punps
under peak heating | oad design shall be [ 7.2 degrees C 45 degrees F][ 10
degrees C 50 degrees F] for ground-loop heat punp systems with linited
heating requirements.][ Adjacent wells/systemw |l not be spaced cl oser
than 4 m 15 feet.]

1.3.2 Detai | Drawi ngs

[ Prepare and provide Al 841 by 594 mm 24 by 36 inch detail working draw ngs
showi ng the ground-1oop heat punp system |layout, assenmbly and installation
details, electrical connection diagrams and wiring diagrans, installation
and details of punps, distribution nmanifolds, heat punps, piping, and well
field ayout. Show well grouting details in accordance to | GSHPA 21010 and
| GSHPA 21015. Show data essential for proper installation of each system
Show details, plan view, elevations, and sections of the systems supply and
pi ping. Drawi ngs shall be scaled, show the North arrow, show the graphic
scal es, equi pnent schedul es, | egends, abbreviation definitions, notes,
synbol lists, and any key plans. Equi pnent schedul es shall show the punp
not or hor sepower and power consunption. Show piping schematic of systens
supply, devices, valves, pipe, and fittings. Showthe well field
arrangenment. Show point to point Electrical Wring Diagrans. The design
and drawi ngs shall show the piping lay out, piping sizes to transfer the
heat required, including any boring, trenching, installation of piping, and
connection to the piping in applicable H/AC System Draw ngs shall include
any information required to denonstrate that the system has been
coordinated and will properly function within the HVAC system and shal
show equi prent relationship to other parts of the work, including
cl earances required for operation and mai ntenance and the test point
| ocati ons where the ground-1oop heat punp systemw || be nonitored during
testing. Submit draw ngs signed by a registered professional engineer

1]1.3.3 System Di agr ans

[ After conpletion, but before final acceptance, submt System di agrans that
show t he | ayout of equipnent, piping, and circul ation punps, and typed
condensed operation manual s expl ai ni ng preventative nai nt enance procedures,
met hods of checking the system for normal, safe operation, and procedures
for safely starting and stopping the systemshall be framed under glass or
| ami nated plastic. After approval, these itens shall be posted where
directed by the Contracting Officer. Systemdiagrans may be subnitted with
operation and nai ntenance nanual s.
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1]1.3.4 Soil Thermal Conductivity Testing

[ For projects where the total heating design |load for the ground-Ioop heat
punp system exceeds 140.7 kW 480,000 btu/hr or the total cooling design
| oad exceeds 140.7 kW40 tons, insitu thermal properties testing will be
conducted to determine soil thermal properties prior to the design. These
tests nust be conducted in accordance with the procedures outlined in
ASHRAE | tem 90376 and Part 3.0 herein.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTES:
1. Also known as Insitu Thermal Properties Testing

2. For Thernmal Conductivity Property Testing, this
work shall be performed by the designer for systemns
where the total cooling load is 700 kW40 tons or
greater. This requires the installation of a test
well. This requirenment is for both design-build and
design-bid-build type projects.

3. The designer shall consider perforning soil
thermal conductivity testing at various |ocations at
the project site. Due to possible variance in soi
properties and ground water, it is advisable to
performmultiple |ocation testing.

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

1.3.5 Syst em Desi gner
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NOTES:

1. This paragraph is intended for design-build
projects. The system designer perforns the design
of the ground-loop heat punp system

2. The designer shall select the option for the
requi renents of the system designer as a

prof essi onal engi neer, a certified GeoExchange
Desi gner, or both.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

[ The ground-|oop heat punp system(s) shall be designed by an individual who
is a [registered professional engineer][Certified GeoExchange Desi gner] and
is regularly engaged in the design of the type and capacity of systen(s)
specified in this project for the immediate three years prior to the
submittal of the System Designer's Statenent of Qualifications.
[Certification as a certified GeoExchange Desi gner shall be kept up to date
and maintai ned with the Associ ation of Energy Engi neers]. The System
Designer's Statenent of Qualifications shall include design experience in
ground-| oop heat punp systens, geothernal heat punp design, data
identifying the location, ground-|loop heat punp systemtype, and capacity
of at least three systens designed by the proposed System Designer during
that period. The Contractor shall furnish docunmentation fromthe owner of
each of these three systens verifying that each system has performed in the
manner intended for the 6 months prior to submi ssion of the Statement of
Qualifications.
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11.4 GROUND SOURCE HEAT PUMP | NSTALLER

kkkkkkkkkkkkkkkkkkkkkkkkkkhhhhkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkkhkhkhkx

NOTES:

*kkkkkhkkk

1. The ground-loop heat punp systemis provided by
an accredi ted geoexchange heat punp installer. The
work includes material, installation, and

conmi ssioning. The design of the ground-1loop heat
punp systemis perfornmed by the system designer.

2. Delete this paragraph for water-loop heat punp
systems.

kkkkkkkkkkkkkkkkkkkkkkkkkkhkkhkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkkhkhkhkk

*kkkkkhkhkk

[ Work specified in this section shall be perforned by accredited ground
source heat punp (GSHP) installers. The GSHP installer shall be an
"Accredited Installer." Accreditation as an Accredited Installer shall be
kept up to date and maintained with the International Gound Source Heat
Punp Association (I GSHPA). The Accredited Installer shall be engaged in
the installation of the type and capacity of the system(s) specified in
this project for the imediate three years prior to the subnmittal of the
GSHP installer's Statenment of Qualifications. The GSHP installer's
Statenment of Qualifications shall include a copy of | GSHPA Installer
Certification and data identifying the |ocation, GSHP systemtype, and
capacity of at |east three systens installed under the gui dance of the
proposed GSHP Installer during that period. The Contractor shall furnish
docunentation fromthe owner of these three GSHP systens verifying that
each system has perforned in the manner intended for the 6 nonths prior to
submi ssion of the Statement of Qualifications.

]1.5 RELATED REQUI REMENTS

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Use the follow ng references for ARW
Projects, if required.
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*kkkkkhkhkk

[ Requirenents for cooling towers are specified in Section 23 65 00COOLI NG
TONERS AND REMOTE EVAPORATI VELY- COOLED CONDENSERS.] [ Requirenents for

wat er heating boilers are specified in Section 23 52 00 HEATI NG BO LERS. ]
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NOTE: Use the followi ng references for NAVY
Projects, if required

*% *% *% *% *% *% *% *% *%

*% *% *%%

[ Requirenents for cooling towers are specified in Section 23 64 00PACKAGED
WATER CHI LLERS, ABSORPTI ON TYPE, 23 64 10WATER CHI LLERS, VAPCR COWVPRESSI ON

TYPE, and 23 65 00 COOLI NG TOAERS AND REMOTE EVAPORATI VELY- COOLED
CONDENSERS ]

[ Requirenents for water heating boilers are specified in Section

23 52 46.00 20 LON PRESSURE WATER HEATI NG BO LERS ( OVER 800, 000 BTU HR
OUTPUT)]
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1.

NOTE: Use the follow ng references for all
Projects, if required.

[ Requi renents for netal

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhhhkhkhkhkkkxkkkkkkk

AND CONDENSER WATER PI PI NG SYSTEMS. ]

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhhhhhkhkkkkkkkkkik

NOTE: These related requirenments are for both
wat er-1 oop as well as ground-|loop water source heat
punp systens.

6

*%*

*
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SUBMITTALS

*% *% *% *% *% *% *% *% *% *% *%%

NOTE: Review Subnmittal Description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the subnmittals
required for the project.

The Guide Specification technical editors have
designated those itens that require Government
approval, due to their conplexity or criticality,
with a "G'. GCenerally, other submittal itenms can be
reviewed by the Contractor's Quality Control

System Only add a "G' to an item if the submttal
is sufficiently inmportant or conplex in context of

t he project.

For subnmittals requiring Government approval on Arny
projects, a code of up to three characters within
the submttal tags nmay be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenent System (RMS) are: "AE" for
Architect-Engineer; "DO' for District Ofice

(Engi neering Division or other organization in the
District OOfice); "AO" for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy
projects.

Use the "S" classification only in SD-11 O oseout
Submittals. The "S" following a submttal item

i ndicates that the submittal is required for the
Sustai nability eNotebook to fulfill federally

mandat ed sustai nabl e requirenents in accordance with
Section 01 33 29 SUSTAI NABI LI TY REPORTI NG

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed
itemfor Arnmy projects.

Gover nnent approval

*%*

*
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duct systens are specified in Section 23 00 00 AIR
SUPPLY, DI STRI BUTI ON, . VENTI LATI ON, AND EXHAUST SYSTEMS. ]
above ground piping are specified in Section 23 64 26 CH LLED, CHI LLED HOT,

[ Requi renents for

is required for subnmittals with a "G' designati on;
submittals not having a "G' designation are [for Contractor Quality Control



approval .][for information only. Wen used, a designation follow ng the
"G' designation identifies the office that will review the submttal for
the Government.] Submittals with an "S" are for inclusion in the

Sustai nability eNotebook, in conformance to Section 01 33 29 SUSTAI NABI LI TY
REPORTI NG. Submit the following in accordance with Section 01 33 00

SUBM TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhhhkhkhkkkkkkkkkkhkhhkhhkhkkkkkkkkkk

NOTE: Insert the following for design and install
projects: "Detail Draw ngs", Calculations,

El ectrical Wring D agrans", and Soil Thernal
Conductivity Testing".

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhhkkkkkkkkkkkhkhhkhkkkkkkkkkkkkkhkhkhhhkkkxkx

*k%

[ Detail Drawings; C[, [____ 1]
Il Calculations; C[, [____ 1]
Il Electrical Wring Diagrans; C[, [____ ]]]
[ System Diagrans; C[, [____ 1]
11 Soi | Thermal Conductivity Testing; C[, [____ ]]]
[ Vel |l and Piping System Layout Drawings; G, [___ 1]
] SD- 03 Product Data
NOTE: Include the integral or appurtenant space

tenperature controls (STC) foll owi ng when Section
23 09 53.00 20 SPACE TEMPERATURE CONTROL SYSTEMS is
not included in the project design specifications.

*%%

*% *% *% *% *% *% *% *% *% *% *% *%

Product data for integral or appurtenant space tenperature

controls (STC) supplied with the listed equi pment shall include
shall include point-to-point electrical wiring diagranms for each
STC.

[ Wat er - Source Water-to-Air Heat Punps; C[, [ 1]

] [incl uding STC dat a]

[ Wat er - Sour ce Water-to-Water Heat Punps; ¢, | 11

] [incl uding STC dat a]

Refrigerants - Provide SDS Sheets for Al Refrigerants

[ G ound Heat Exchanger Piping System C[, [___ 1]

I Ther nal | y- Enhanced Bentonite Grout; C[, [___ 1]

Il H gh Grade Bentonite Gout; C[, [____ 1]

I Cenentitious Thernally Enhanced Grout; C[, [___ 1]
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Il
Il
Il
Il
Il
Il
Il
Il

Il

Il
Il
Il

Il

Il
Il

Il
Il
Il
Il

Closed Circuit Coolers; ¢, [___ 11

Pl ate Heat Exchangers; C[, [___ 1]

Heat Tape; C[, [____ 1]

Antifreeze, ¢, [___ 1]

Punps; CG[, [___ 11

Pi pe, Fittings, and Piping Conponents; G, [___ 1]
Expansion Tanks; ¢, [__ 1]

Air Separators; ¢, [___ 11

U Bend Assenblies; G, [___ 1]

For the pipe and pi ping conponents submittal, include

reconmendati ons for the connection of joints, including the
preparation of joints for the el ectrofusion process.

SD-06 Test Reports

Wat er - Source Water-To-Air Heat Punps - Field Acceptance Test Pl an;
C[, [___1T1]

Wat er - Sour ce Wat er- To- Wat er Heat Punps - Field Acceptance Test Plan;
cl, [___11

Closed Circuit Coolers - Field Acceptance Test Plan; C[, | 11
Pl at e Heat Exchangers - Field Acceptance Test Plan; C[, | 11

Wat er - Sour ce Water-To-Air Heat Punps - Field Acceptance Test Report;
cl, [___11

WAt er - Sour ce Wt er - To- Water Heat Punps - Field Acceptance Test
Report; C[, [_____]]

Closed Circuit Coolers - Field Acceptance Test Report; C[, [ 1]

Pl at e Heat Exchangers - Field Acceptance Test Report; C[, [ 11

SD-07 Certificates

Enpl oyer's record docunents

ARI /1 SO Performance Data For Water Source Heat Punps; C[, [____ 1]
Qualifications O Ground Heat Exchanger Fabricators; C, [___ 1]
Qualifications O Gound Heat Exchanger Installers; ¢, [__ 1]
Qual ifications of Gound Source Heat Punp Installer; ¢, [___ 1]
Aletter not later than 14 days [___ ] after the Notice to

Proceed, providing the nane and Statenent of Qualifications of the
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Il

Il
Il
Il
Il
Il
Il
Il

[a—

Il
Il
Il
Il
Il

i ndividual (s) who will serve as Ground Source Heat Punp (GSHP)
Installer.

Hydrostatic Test; G, [___ 1]

*% *% *% *% *% *% *% *% *% *% *%%

NOTE: Insert the followi ng for design and install
projects: "System Designer".
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System Designer; ¢, [ 1]

A letter no later than [14 days]| ] after the Notice to
Proceed providing the nane and Statenent of Qualifications of the
i ndi vi dual who will prepare the Design and Cal cul ati ons.

System Desi gner Design Certification; C[, | 1]

Concurrent with subnittal of the Detail Draw ngs, submit
certification by the System Desi gner that the design and
cal culations conformto all contract requirements, including
signed approval of the Test Reports.]

Work Coordi nation and Performance Certificate; ¢, [___ 1]
Ground Source Heat Punp Installation Certificate; ¢, [___ 1]
Well Driller License; G, [____ 1]

Punp Installer License; C, [___ 1]

Well Construction Permt; ¢, [___ 1]

Approved Well Permit; ¢, [___ 1]

Vel |l Construction Log Record; C[, [__ 1]

Ground Source Heat Punp Installation Certificate; ¢, [___ 1]

SD- 08 Manufacturer's Instructions

Wat er - Sour ce Water-To-Air Heat Punps - Installation Instructions
WAt er - Sour ce Water-To-Water Heat Punps - Installation Instructions
Closed Circuit Coolers - Installation Instructions

Pl at e Heat Exchangers - Installation Instructions

Heat Tape - Installation Instructions

ON-SITE TRAINNG ¢, [ 11

SD-10 Operation and Mai ntenance Data

WAt er -source water-to-air heat punps, Data Package 2; ; (,

L1
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Il

Il
Il
Il

Il

1

1

Wat er - source water-to-water heat punps, Data Package 2; ; (],

L1

O osed Circuit Coolers, Data Package 2; ; C[, [___ 1]
Pl ate Heat Exchangers, Data Package 2; ; ¢, [___ 1]
Heat Tape, Data Package 2; ; ¢, [___ 11

Subnit in accordance with Section 01 78 23 OPERATI ON AND
MAI NTENANCE DATA.

SD- 11 d oseout Subnittals
As-Built Drawi ngs; ¢, | 11
Ground Heat Exchanger Piping System As-Built Drawi ngs; C[, [ 1]

Energy Efficient Equi pnent for Water Source Heat Punp Systens and
Ground Source C osed-1oop Heat Punp Systens; S

Ozone Depl eting Substances; S

Indoor Air Quality During Construction; S
7 QUALI TY ASSURANCE
7.1 Mat eri al and Equi prent Qualifications

Provide materials and equi pment that are standard products of manufacturers
regul arly engaged in the manufacture of such products, which are of a
simlar material, design and workmanship. Standard products shall have
been in satisfactory conmercial or industrial use for 2 years prior to bid
openi ng. The 2-year use shall include applications of equiprment and

mat eri al s under simlar circunstances and of simlar size. The product
shal | have been for sale on the commercial market through advertisenents,
manuf acturers' catal ogs, or brochures during the 2 year period.

.7.2 Alternative Qualifications

Products having less than a two-year field service record will be
acceptable if a certified record of satisfactory field operation for not

| ess than 6000 hours, exclusive of the manufacturer's factory or |aboratory
tests, can be shown.

. 7.3 Servi ce Support

The equi pnent itens shall be supported by service organizations. Subnit a
certified list of qualified pernmanent service organi zations for support of
t he equi pnent which includes their addresses and qualifications. These
servi ce organi zations shall be reasonably convenient to the equi pnent
installation and able to render satisfactory service to the equi pnent on a
regul ar and enmergency basis during the warranty period of the contract.

. 7.4 Manuf acturer's Nanepl ate

Each item of equipnment shall have a nanepl ate bearing the manufacturer's
name, address, nodel nunber, and serial nunmber securely affixed in a
conspi cuous place; the naneplate of the distributing agent will not be
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acceptable. As applicable the ENERGY STAR | abel also affixed to the
equipment.

.7.5 Modi ficati on of References

In each of the publications referred to herein, consider the advisory
provisions to be mandatory, as though the word, "shall" had been
substituted for "shoul d" wherever it appears. Interpret references in
these publications to the "authority having jurisdiction", or words of
simlar nmeaning, to nmean the Contracting O ficer

.7.5.1 Definitions

For the International Code Council (ICC) Codes referenced in the contract
docunents, advisory provisions shall be considered nandatory, the word

"shoul d" shall be interpreted as "shall." Reference to the "code official"
shall be interpreted to nean the "Contracting Oficer." For Navy owned
property, references to the "owner" shall be interpreted to nean the
"Contracting Officer." For leased facilities, references to the "owner"
shall be interpreted to nmean the "lessor." References to the "pernit

hol der" shall be interpreted to nmean the "Contractor."
.7.5.2 Admi nistrative Interpretations

For | CC Codes referenced in the contract docunents, the provisions of
Chapter 1, "Administrator,"” do not apply. These adm nistrative
requirenents are covered by the applicable Federal Acquisition Regul ations
(FAR) included in this contract and by the authority granted to the O ficer
in Charge of Construction to adm nister the construction of this project.
Ref erences in the I CC Codes to sections of Chapter 1, shall be applied
appropriately by the Contracting Oficer as authorized by his

adm ni strative cogni zance and the FAR

.7.6 Ground heat exchanger piping system As-Built Draw ngs

Provi de di nensi oned as-built draw ngs of each conpl ete ground heat
exchanger piping system depicting its relationship to other utilities and
buildings in its proximty before burying, covering, or concealing.

Drawi ngs shall be of a quality equivalent to the contract design draw ngs.
The as-built drawi ngs of the installed ground heat exchanger piping system
shall be lam nated or stored in a clear plastic envel ope and affi xed
visibly to the heat punp unit or on the wall in the nechanical roomif
serving a systemof nultiple heat punps. As-built draw ngs shall be
submitted with operation and nmai ntenance data. A pernmanent |abel shall be
af fi xed to each heat punp unit indicating basic information for that unit.

The information shall include: nominal flowrate [__ ] I/s gpm pressure
[ ] drop kPa feet, tenperature drop/rise [ ] degree C degree F, and
capacity [ ] WBtu/hr.

LT.7 System Di agr ans

After conpletion, but before final acceptance, submt System di agramnms that
show t he | ayout of equipnent, piping, and circul ation punps, and typed
condensed operation manual s expl ai ni ng preventative nai nt enance procedures,
met hods of checking the system for normal, safe operation, and procedures
for safely starting and stopping the systemshall be framed under glass or
| ami nated plastic. After approval, these itens shall be posted where
directed.
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1.7.8 Pl astic Pi ping Heat Fusion Requirenents

Al'l plastic pipe shall be cut, made up, and installed in accordance with
the pi pe manufacturer's recommendati ons. Heat joining shall be perforned
in accordance with ASTM D2657. El ectrofusion joining shall be perforned in
accordance with ASTM F1290. Qualifications for plastic pipe fabricators
are given in this section under paragraph QUALI FI CATI ONS OF GROUND HEAT
EXCHANGER FABRI CATORS. Heat fusion tests shall be conducted to verify the
quality of the joints.

1.7.9 Qualifications of Ground Heat Exchanger Fabricators

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: The experience clause in this section has
been approved by a Level 1 Contracting O ficer, and
may be used without further approval or request for
waiver.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

The only acceptable nmethod for joining buried pipe systens is by a heat
fusion process. Subnmit documentation substantiating the follow ng
qualifications: ground heat exchanger fabricators shall have conpleted a
heat fusion school in which each participant has performed a heat fusion
procedure under direct supervision of an approved nmanufacturing
certification program or a DOT certified heat fusion technician.

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkik

NOTE: The experience clause in this section has
been approved by a Level 1 Contracting O ficer, and
may be used without further approval or request for
waiver.
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1.7.10 Qualifications of Gound Heat Exchanger Installers

Subnmit docunentation substantiating the follow ng qualifications:
installers shall have conpl eted an approved nanufacturer's certification
program and shall have successfully conpleted at | east two projects with
ground heat exchanger work similar in size and conplexity to that required
for this project within the last 4 years. |n docunentation subnit
licensing requirenents as regulated by | ocal and state regul ations for well
drillers and punp installers. Submt for each well driller, the Wl
Driller license. For each punp installer, submit the Punp Installer License.
Certification and licenses for each well driller and punp installer shal

be in the state where the work occurs. All required certification and

i censes shall be kept current. Qut of date licenses and certification
will not be accepted. Submit to contracting officer for approval the
licenses and certification.

1.8 DELI VERY, STORAGE, AND HANDLI NG

Materials delivered and placed in storage shall be stored with protection
fromthe weather, excessive humdity variation, excessive tenperature
variation, dirt, dust and/or other contam nants. Proper protection and
care of material before, during and after installation is the Contractor's
responsibility. Any material found to be damaged shall be replaced at the
Contractor's expense. During installation, piping shall be capped to keep
out dirt and other foreign matter. A nmaterial Safety Data Sheet (SDS) in
conformance with 29 CFR 1910 Section 1200(g) shall acconpany each chenica
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delivered for use in pipe installation. At a mnimum this includes al

sol vents, solvent cenments, glues and other materials that may contain
hazar dous conmpounds. Handling shall be in accordance with ASTM F402
Storage facilities shall be classified and narked in accordance with

NFPA 704. Materials shall be stored with protection frompuncture, dirt,
grease, noisture, nechanical abrasions, excessive heat, ultraviolet (W)
radi ati on damage, or other danmmge. Pipe and fittings shall be handl ed and
stored in accordance with the nmanufacturer's recomendation. Plastic pipe
shal | be packed, packaged and narked in accordance with ASTM D3892. Upon
delivery of piping, fitting, conponents, and equipnent to the site, inspect
itens for damage and verify itens neet project requirenents

.9 SAFETY REQUI REMENTS

Exposed noving parts, parts that produce high operating tenperature, parts
which may be electrically energized, and parts that may be a hazard to
operating personnel shall be insulated, fully enclosed, guarded, or fitted
with other types of safety devices. Safety devices shall be installed so
that proper operation of equipnment is not inpaired.

.10 PRQIECT/ SI TE CONDI Tl ONS
.10.1 Verification of D nensions

The Contractor shall becone familiar with all details of the work, verify
all dinensions indicated in the field, and advise the Contracting Oficer
of any discrepancy before perform ng any work.

.10.2 Drawings

Because of the small scale of the drawings, it is not possible to indicate
all offsets, fittings, and accessories that may be required. The
Contractor shall carefully investigate the plunbing, fire protection
electrical, structural and finish conditions that would affect the work to
be perforned and shall arrange such work accordingly, furnishing required
offsets, fittings, and accessories to neet such conditions.

.10.3 Accessibility
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NOTES:

1. The following requirenent is intended to solicit
the installer's help in the prudent |ocation of

equi prent when he has some control over |ocations.
However, designers should not rely on it at al

since enforcing this requirenent in the field would
be difficult.

Therefore, the system desi gner needs to | ayout and
i ndi cate the | ocations of equi pnent, control

devi ces, and access doors so that nost of the
accessibility questions are resol ved i nexpensively
during design.

2. On Air Force projects, the designer shal

provi de work/service platforns for accessibility
around equi pment, such as heat punps connected to
condenser | oop, which are installed nore than two
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1.

feet above a suspended ceiling or nmore than 12 feet
above the floor. Refer to 29 CFR 1910 for specific
requirements.

3. Provide on drawi ngs access requirenents for unit
repl acenent, conpressor replacenent, and equi pnent
repair.
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Install all work so that parts requiring periodic inspection, operation,
mai nt enance, and repair are readily accessible. Install conceal ed val ves,
expansion joints, controls, danpers, and equi pnent requiring access, in

| ocations freely accessible through access doors.

11 COORDI NATI ON OF WORK AND SYSTEM PERFORMANCE

a. Punmp supports, piping offsets, fittings, and any ot her accessories
required shall be furnished as required to provide a conplete
installation and to elimnate interference with other construction.

b. Submit a Wrk Coordination and Perfornmance Certificate. Concurrent
with subnittal of the Detail Drawi ngs and the Cal cul ations, subnit a
Certificate by [both] the [System Designer] [and the] [ G ound Source
Heat Punp Installer] stating that the draw ngs and cal cul ati ons have
been coordinated with all related work and the G ound Source Heat Punp
Systemwi || performas [specified] [and indicated].

c. Subnit a Ground Source heat Punp Installation Certificate. Concurrent
with submittal of the Test Reports, submit certification by the G ound
Source Heat Punp Installer stating that the Ground Source Heat Punp
System and related work is installed in accordance with the contract
requi renents, including signed approval of the test reports.

PART 2 PRODUCTS

2.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: |In accordance with P.L. 109-58 (Energy Policy
Act of 2005), Executive Order 13423, and FAR 23. 203
Energy-Efficient Products, energy consum ng products
and systens shall neet or exceed the performance
criteria for ENERGY STAR qualified or

FEMP- desi gnat ed products as |long as these

requi renents are nonproprietary. The FEMP and
ENERGY STAR product requirenments are avail able on
the web at www.eere.energy.gov/femp/procurement and
www.energystar.gov/products . Where ENERGY STAR or
FEMP products are not applicable, energy consum ng
products and systens shall neet the requirenents of
ASHRAE 90.1 - SI ASHRAE 90.1 - IP

kkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkkhkhkhkkkkkx *k%

1 PRODUCT SUSTAI NABI LI TY CRI TERI A

For products in this section, where applicable and to extent all owed by
performance criteria, provide and docunent the foll ow ng:
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2.1.1 Energy Efficient Equi pnent for Water Source Heat Punp Systens and
Ground Source C osed-Loop Heat Punp Systens

Provi de water source heat punp systens and ground source cl osed-1oop heat
punp systens neeting the efficiency requirenents as stated within this
section and provide docunentation in confornance with Section 01 33 29
SUSTAI NABI LI TY REPORTI NG par agr aph ENERGY EFFI Cl ENT EQUI PMVENT.

2.1.2 Ozone Depl eting Substances

Wat er source heat punp systens and ground source cl osed-loop heat punp
systens nmust not use CFC-based refrigerants, and nust have an Ozone

Depl etion Potential (ODP) no greater than 0.0, with exception to R-123, in
conformance with this section. Provide docunmentation in conformance with
Section 01 33 29 SUSTAI NABI LI TY REPORTI NG par agr aph OQZONE DEPLETI NG
SUBSTANCES.

2.2 EQUIPMENT

Equi pnent using CFC-based refrigerants, or refrigerants with ozone
depleting potential (CODP) greater than 0.0 will not be permitted.

2.2.1 Wat er - Source Water-to-Air Heat Punps (WAHP)

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTES:

1. In conpliance with FEMP/ Energy Star

requi renents, closed | oop units nust have a m ni num
EER of 17.1 and COP of 3.6. Open loop units shal
have m ni mum EER of 21.1 and COP of 4.1. Indicate

t he equi pnent operating requirenments, including
efficiency, on the draw ngs.

2. For housing or residential applications, the
desi gner shoul d consider residential class water
source heat punps as opposed to commercial class
heat punp units. Residential class heat punps can
be provided by the manufacturer with factory
installed optional selections of:

a. A factory installed energy managenent relay to
allow unit control by an external source.

b. A factory installed internal heat recovery Kit
for donestic hot water production

c. A factory installed ground | oop punp kit.

*% *% *% *% *% *% *% *% *%%

[ Provi de water-source water-to-air heat punp units factory assenbl ed,
designed, tested, and rated in accordance with | SO 13256-1.] [Provide
ground- coupl ed cl osed-| oop water-to-air heat punp (extended range) units
factory assenbl ed, designed, tested, and rated in accordance wth

I SO 13256-1.] Units shall be |SO 13256-1 certified, or listed in

| SO 13256-1 directory. Units shall include fans, refrigerant-to-air heat
exchangers, filters, [danpers], conpressor, reversing valve, expansion

val ve, refrigerant-to-water heat exchangers, [desuperheater], [hose kits],
bypass for flushing and purging, and controls. A permanent |abel shall be
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af fixed to each heat punp unit indicating basic information for that unit.

The information shall include: nonminal flowrate |I/s gpm pressure drop kPa
feet, tenperature drop/rise degree C degree F, and capacity WBtu/hr.

[ For housing or residential applications, provide heat punp units with
factory installed [energy managenent relay], [factory installed interna

heat recovery kit], and a [factory installed ground | oop punp kit]].

Provide certificates of ARI/ISO Performance Data For Water Source Heat Punps.]|
Resi denti al ground-coupl ed cl osed-1 oop water-to-air heat punps nust include

the Energy Star |abel affixed to the equipnent.]

a. Cabinet: Provide manufacturer's standard [gal vani zed steel] [stainless
steel] cabinet [finished with corrosion resistant epoxy coating or
| acquer acrylic]. Provide access panels for inspection and access to
internal parts. |Insulate cabinet with mninum 12 mm 1/2 inch
mul ti-density, fiberglass insulation with exposed edges seal ed or
tucked under flanges to prevent introduction of fibers into the
airstream Fenal e threaded pi pe condensate drain connections, supply
wat er connections, and return water connections shall be copper
threaded fittings mechanically fastened to the cabinet. Water piping
shal |l be insulated. Construct cabinet with conmpartnments and | ocate the
conpressor, reversing valve, and water coil out of the airstream
Insul ate the divider between the conpressor and fan sections. The
control box shall be located within the unit.

b. Fans: Provide centrifugal type, direct drive fans with permanently
lubricated nmotors. |[Modtors shall be permanent split capacitor (PSC)
type with thernal overload protection.] [Mtors shall be an
El ectronically Commutated Motor (ECM microprocessor controlled DC type
notor with internal progranming factory set for the specific unit and
featuring soft start/stop and a delay off feature for nmaxi num
efficiency and quiet operation. There will further be provisions for
adjusting the air delivery of the notor and bl ower by plus or mnus 15
percent fromrated air flow.]

c. Refrigerant-to-Air Heat Exchanger: Provide coil constructed of rifled
copper tubes with plate alum num fins designed for refrigerant working
pressure of 3102 kPa 450 psi. Fins shall be nechanically bonded to
tubes. The condensate drain pan shall be epoxy coated and insul ated.
Provide internal traps on vertical units. Provide drain pan with
overflow protection. Drain pan shall be [corrosion-resistant
pl astic][gal vani zed steel] [stainless steel].

d. Filter Section: Provide [replaceable] [(throwaway)] [ 25 nmmone inch] [
50 mm 2 inch] thick UL listed [fiberglass] [permanent washable] type
filters with [standard dust-hol ding capacity] [a nmean efficiency of
[35] [65] percent when tested in accordance with ASHRAE 52.1]. Mbount
filters in filter frames and provi de access panels or doors for renoval
and replacerment of filters.

e. Conpressor: Provide hernetically sealed type conpressor, installed on
vi bration isolators enclosed in an acoustically treated encl osure.
Provi de high and | ow pressure sw tches, |ow suction tenperature
cut-out, notor thermal overload protection, 5 mnute anti-recycle
tinmer, and start capacitor kit. Provide capability to reset conpressor
| ockout circuit at the rempte thernostat and at the di sconnect.
[Provide units with factory installed sound attenuation package.]

f. Reversing Valve: Provide solenoid activated refrigerant reversing
val ves energi zed only during the cooling node and designed to fail in
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t he heating position.

Refrigerant-to-Water Heat Exchangers: Provide two-position automatic
valve interlocked to shut off water flow when the conpressor is off.
Provi de refrigerant-to-water heat exchangers of coaxial type
(tube-in-tube), with inner [cupronickel] [copper] water tube and outer
steel refrigerant tube. The refrigerant side of the heat exchanger
shall be tested and rated for 3102 kPa 450 psig refrigerant working
pressure. The water side of the heat exchanger shall be tested and
rated for 2758 kPa 400 psig working pressure. A parallel capillary

t ube/ t hermal expansion val ve assenbly shall provide superheat over the
entire liquid tenperature range. Refrigerant-to-water heat exchangers
and refrigerant piping shall be insulated to prevent condensation on

t he piping containing | ow tenperature water.

kkkkkkkkkkkkkkkkkkkkkkhhhkhkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkhkhkhkhkkkkkk

NOTES:

1. For heat punp units serving a water-1|oop
application, the inlet water tenperature range to

t he heat exchanger shall be [ one to 43 degree C 34
to 110 degree F. For heat punp units serving a
ground-l oop, the inlet water tenperature range to

t he heat exchanger shall be] [ 7 to 32 degree C 45
to 90 degree F] liquid tenperature range. Show

t hese ranges on the draw ngs.

2. For closed | oop systens, consider copper/stee
coaxi al heat exchangers (water/refrigerant).

3. For ground, surface water or standing col umm
wel | applications, consider cupronickel/stee
coaxi al heat exchangers.

4. Extended range heat punps usually provide
performance in the range of 25 to 100 degrees F
range.

5. Low tenperature applications such as boiler and
cl osed [ oop cooling tower or dry cooler usually
provi de performance in the range of 40 to 110
degrees F range.

h

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

Factory-Install ed Domestic Hot Water Desuperheater: Provide

desuper heater of vented double-wall construction and factory installed
wi t hin i ndoor heat punp cabinet. Desuperheater units shall be factory
assenbl ed, designed, tested, and rated.

Provide with the desuperheater, factory-installed water punp powered by
a seal ed magnetic drive nmotor, water line thernpstat, secondary safety
thernostat to prevent scalding, internal fuse, internally nounted

di sconnect switch, outside air thernostat, nmanual on-off switch, |ow
refrigerant gas tenperature limt switch, air bleed port, and
refrigerant ports. Units shall be UL |listed. Desuperheater units
shall be UL listed. Units shall be provided by the [ground source]
[wat er source] closed | oop heat punp manufacturer

Controls: The manual on- off switch shall be a push button type with a
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cover. An indicating light shall be provided next to the switch to

i ndi cate the desuperheater punp energi zed node. [Provide an outside
air thernostat with sun shield set for 4 degree C 40 degree F. The
outside air thernostat de-energizes the desuperheater punp.] Provide
in the water return to the desuperheater unit, a high water tenperature
limt with adjustable settings, which de-energi zes the desuperheater
punp at 60 degree C 140 degree F Also provide low refrigerant gas
tenperature linit which de-energizes the desuperheater punp and is set
to open at 38 degree C 100 degree F

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Provi de on the drawi ngs a sequence of
operation and control schematic for the heat punp
and desuper heater.

Check ASHRAE 90.1 - SI ASHRAE 90.1 - | P Chapter 6 to
det er mi ne whet her heat recovery for service water
heating is required.

*% *% *% *% *% *% *% *% *% *% *% *%%

Energency Heater: Provide UL or ETL listed, electric resistance heater
with internal fusing integral with heat punp unit; fan shall run unti
heater cools. Locate downstream of indoor coil. The energency heater
coil shall be provided as a supplenentary electric heater. The heater
shal |l be provided with a rack, control box with hinged cover, safety
limts, and relay. Control voltage of the heater shall be conpatible
with the heat punp. The electric heater shall be provided by the heat
punp nmanufacturer. The control of the electric heater shall be
utilized as second stage heating. The first stage heating shall be
normal heat punp operations.

kkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkhkhhkhkkkkkk

NOTE: For residential or housing projects, discuss
with custoner's or activity's housing departnent the
need for energency back-up electric heater. The
desi gner shoul d consi der using an energency heater
for situations such as very cold weather and

equi prent out ages.

kkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkhkhhkhkkkkkkx

Hose Kits: Kits shall include two 0.6 m2 foot |ong netal (stainless
steel) brai ded hoses with swivel connectors on one end, an nanual fl ow
control valve with test ports, two shutoff ball valves with nenory
stops (one with test port), blow down ball valve, and Y-strainer

Hoses shall be fire rated to neet UL 94. Hoses shall have a maxi mum
wor ki ng pressure of 2067 kPa 300 psi. [For residential or housing
applications, provide flexible hose kits using heavy-duty radi ator
rubber hose kits. Provide a bypass around the heat punp unit condenser
coil.]

kkkkkkkkkkkkkkkkkkkkkkhhhkhkkkkkkkkkkkkkhkhkhhkkkkkkkkkkkkhkhkhkhhkkkkxk

NOTES: The functionality of the hose kits are:

a. Allow ease and conveni ence of nmi nt enance and
installation of the heat punp units.

b. The hose kits allow the ease and conveni ence of
purgi ng and flushing of the system pi pi ng.
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c. The hose kits also mnimze vibration
transm ssion fromthe heat punp units to the system

piping.

kkkkkkkkkkkkkkkkkkkkkkhhhkhkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkhkhhhkkkkkkx

Bypass for Purging and Flushing: Provide a bypass around the heat punp
unit condenser coil. The bypass includes isolation valves and piping
that allows for purging and flushing of the system piping. Provide the
necessary flushing punp, hoses, and isolation valves.

Hanger Kits: Provide horizontal units with hanger kits consisting of
gal vani zed steel brackets, bolts, washers, and vibration isolators.
The hanger kit shall be designed to support the unit from bel ow and
suspend from threaded rods.

kkkkkkkkkkkkkkkkkkkkkkhhhkhkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkhkhkhkhkkkkkk

Note: M croprocessor based controls should nornally
be utilized on large projects. Electronechanica
controls should be used on small installations,

housi ng, and renote | ocation projects.

kkkkkkkkkkkkkkkkkkkkkkkhhkkkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkhkhhhkkkkkkx

Controls: Controls and safety devices shall be factory wired and
nounted within the control box of the unit cabinet.

(1) Provide a microprocessor based controller that comruni cates with
an electronic nulti-stage space thernostat. The microprocessor
shal |l control sequencing, high and | ow pressure swtch nmonitoring,
freeze protection, |ockout control, night setback, energency
shut down, short cycle protection, random start, LED node and fault
i ndicators, fault nenory, input and output diagnostics, and a
conmuni cations port. Provide a factory-installed |ow voltage
term nal block for field control wiring and a | ow vol tage
transformer. [Provide conmunications capability for renote direct
digital control (DDC). Use standard conmunicati on protocol such
as [LonWbrks], [BACnet], or other | ] protocol.] [Provide a
hand hel d, renote service termnal fromthe heat punp manufacturer
capabl e of interfacing with heat punp unit m croprocessor
controller to performdiagnostics, data retrieval, and calibration
functions. Wen in the heating node, where there is a continued
drop in roomtenperature, the controller shall energize the second
stage of heating, which would be the energency heater. Provide
ni ght setback. The controller shall raise the night setback
tenperature gradually. Provide seven day schedul e capability.]

(2) Provide 24 volt electronechanical controls supplied with a | ow
vol tage transforner, controls for conpressor, reversing valve, and
fan notor operation. Controls shall include a randomstart relay,
a night setback relay, a conpressor cycling relay for demand | oad
sheddi ng, and a condensate overflow switch. Provide a |ow voltage
term nal block for field control wiring.

(3) [The ECM interface board shall include a screw type term nal board
for a thernpstat connection, LED s to indicate thernostat status
and air delivery]. [Provide an energy nanagenent relay to all ow
unit control by an external source shall be factory installed.]

Space Tenperature Controls: Provide electronic nulti-stage,
aut o- changeover, adjustable thernmpbstats with
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2.

2.

2

OFF- HEAT- AUTO- COOL- EMERGENCY system switch and AUTO-ON fan switch.
Thernostats shall be the programmable type and shall be furni shed by
the unit manufacturer. [Thernostats shall have the energy star
rating.] Provide seven day schedul e capability. Provide with battery
back-up. The thernostat shall have ni ght setback and shall raise the
ni ght setback tenperature gradually. When in the heating node, where
there is a continued drop in roomtenperature, the thernostat shal
energi ze the second stage of heating, which would be the energency
heater. Provide relays, transformers, contractors, and control wring
bet ween thernostats and unit. Thernostats shall read out in degrees C
and degrees F.

Wat er - Sour ce Water-to-Water Heat Punps (WAHP)

kkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkhhkhhkkkkkkkkkkkkkhkhhhkkkkkkx

NOTES:

1. In conpliance with FEMP/ Energy Star

requi renents, closed | oop units shall have m ni num
EER of 16.1 and ni ni mum heati ng performance COP of
3.1; open loop units shall have m ni rum EER of 20.1
and a mi ni num heating performance COP of 3.5.

I ndi cate the equi pnent operating requirenents,

i ncluding efficiency, on the draw ngs.

2. For housing or residential applications, the
desi gner shoul d consider residential class water
source heat punps as opposed to comercial class
heat punp units. Residential class heat punps can
be provided by the manufacturer with factory
installed optional selections of:

a. A factory installed energy managenment relay to
allow unit control by an external source.

b. A factory installed internal heat recovery kit
for donestic hot water production

c. A factory installed ground | oop punp kit.

3. For projects where the water-to-water heat punp
unit is used for donestic water heating, the

pl unbi ng code shall be followed. Refer to the

I nternational Plunbing Code. To prevent cross
connection or contam nation of the potable water
supply fromthe refrigerant in the heat punp unit,
several approaches shoul d be consi der ed:

a. Consider using a desuperheater. Check ASHRAE
90.1 - SI ASHRAE 90.1 - | P Chapter 6 to determ ne
whet her heat recovery for service water heating is
required.

b. Consider using a double wall heat exchanger that
is vented.

c. Consider using a secondary heat exchange in the
water circuit such as a plate heat exchanger

*% *% *% *% *% *% *% *% *% *% *% *%%
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[ Provi de wat er-source water-to-water heat punp units factory assenbl ed,
designed, tested, and rated in accordance with | SO 13256-2.] [Provide
ground- coupl ed cl osed-| oop water-to-water heat punp (extended range) units
factory assenbl ed, designed, tested, and rated in accordance wth

| SO 13256-2.] Units shall be listed by ETL, or listed in | SO 13256-2
Units shall include conpressor, reversing valve, expansion valve,
refrigerant-to-water condensing coil, refrigerant-to-water evaporator coil
[ desuperheater], [hose kits], [danpers], bypass for flushing and purging,
and controls. A permanent |abel shall be affixed to each heat punp unit
indicating basic information for that unit. The infornmation shal

include: nomnal flowrate |/s gpm pressure drop kPa feet, tenperature
drop/rise degree C degree F, and capacity WBtu/hr. [For housing or
residential applications, provide heat punp units with factory installed
[energy managenent relay], [factory installed internal heat recovery kit],
and a [factory installed ground |oop punp kit]]. Provide certificates of
ARI /1 SO Performance Data For Water Source Heat Punps.[ Residential

wat er - source water-to-water heat punps nust include the Energy Star | abe
af fixed to the equi pnent.]

a. Cabinet: Provide manufacturer's standard [gal vani zed steel][stainless
steel] cabinet [finished with corrosion resistant epoxy coating or
| acquer acrylic]. Provide access panels for inspection and access to
internal parts. |Insulate cabinet with minimm 12 nm 1/2 inch
nmul ti-density, fiberglass insulation. Provide copper or stainless
steel ferale threaded pipe connections for supply water and return
wat er connections; these connections shall be mechanically fastened to
the cabinet. Water piping shall be insul ated.

b. Conpressor: Provide hernetically sealed type conpressor, installed on
vi bration isolators enclosed in an acoustically treated encl osure.
Provi de high and | ow pressure sw tches, |ow suction tenperature
cut-out, notor thernmal overload protection, 5 minute anti-recycle
timer, and start capacitor kit. Provide capability to reset conpressor
| ockout circuit at the rempte thernostat and at the di sconnect.
[Provide units with factory installed sound attenuation package.]

c. Reversing Valve: Provide solenoid activated refrigerant reversing
val ves energi zed only during the cooling node and designed to fail in
the heating position.

d. Refrigerant-to-Water Heat Exchangers: Provide refrigerant-to-water
heat exchangers of coaxial type (tube-in-tube), with inner
[ cuproni ckel ][ copper] water tube and outer steel refrigerant tube. The
refrigerant side of the heat exchanger shall be tested and rated for
3102 kPa 450 psig refrigerant working pressure. The water side of the
heat exchanger shall be tested and rated for 2758 kPa 400 psig worki ng
pressure. A parallel capillary tube/thermal expansion valve assenbly
shal | provide superheat over the entire liquid tenperature range.
Refrigerant-to-water heat exchangers and refrigerant piping shall be
i nsulated to prevent condensation on the piping containing | ow
t enperature water.

NOTES:
1. For heat punp units serving a water-I|oop

application, the inlet water tenperature range to
t he heat exchanger shall be [ one to 43 degree C
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344 to 110 degree F ].For heat punp units serving a
ground-l oop application, the inlet water tenperature
range to the heat exchanger shall be [ 7 to 32
degree C 45 to 90 degree F ]liquid tenperature
range. Show t hese ranges on the draw ngs.

2. For closed | oop systens, consider copper/stee
coaxi al heat exchangers (water/refrigerant).

3. For ground, surface water or standing colum
wel | applications, consider cupronickel/stee
coaxi al heat exchangers.

4. Extended range heat punps usually provide
performance in the range of 25 to 100 degrees F
range.

5. Low tenperature applications such as boiler and
cl osed | oop cooling tower or dry cool er usually
provi de performance in the range of 40 to 110
degrees F range.

kkkkkkkkkkkkkkkkkkkkkkkhhkkkkkkkkkkkkkkkhkhhhkkkkkkkkkkkkhkhhkhkkkkkk

Factory-Install ed Donmestic Hot Water Desuperheater: Provide

desuper heat er of vented double-wall construction and factory installed
wi thin i ndoor heat punp cabinet. Desuperheater units shall be factory
assenbl ed, designed, tested, and rated.

Provide with the desuperheater, factory-installed water punp powered by
a seal ed magnetic drive nmotor, water line thernbstat, secondary safety
thernostat to prevent scalding, internal fuse, internally nounted

di sconnect switch, outside air thernostat, nanual on-off switch, |ow
refrigerant gas tenperature limt switch, air bleed port, and
refrigerant ports. Units shall be UL listed. Desuperheater units
shall be UL listed. Units shall be provided by the [ground source]
[wat er source] closed | oop heat punp manufacturer

Controls: The manual on- off switch shall be a push button type with a
cover. An indicating |Iight shall be provided next to the switch to

i ndi cate the desuperheater punp energi zed node. [Provide an outside
air thernostat with sun shield set for 4 degree C 40 degree F. The
outside air thernostat de-energizes the desuperheater punp.] Provide
in the water return to the desuperheater unit, a high water tenperature
[imt with adjustable settings, which de-energi zes the desuperheater
punp at 60 degree C 140 degree F. Al so provide |low refrigerant gas
tenperature lint which de-energizes the desuperheater punp and is set
to open at 38 degree C 100 degree F

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Provi de on the drawi ngs a sequence of
operation and control schematic for the heat punp
and desuper heater.

*% *% *% *% *% *% *% *% *% *% *% *%%

Hose Kits: Kits shall include two 0.6 m2 foot |ong netal (stainless
steel) braided hoses with swi vel connectors on one end, [an flow
control valve with test ports,] two shutoff ball valves with nenory
stops (one with test port), blow down ball valve, and Y-strainer
Hoses shall be fire rated to neet UL 94. Hoses shall have a naxi num
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wor ki ng pressure of 2067 kPa 300 psi. [For residential applications,
provide flexi ble hose kits using heavy-duty radiator rubber hose kits.
Provi de a bypass around the heat punp unit condenser coil.]

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: The functionality of the hose kits are:

-Al | ow ease and conveni ence of nmi ntenance and
installation of the heat punp units.

-The hose kits allow the ease and conveni ence of
purgi ng and flushing of the system piping.

-The hose kits also nminimze vibration transn ssion
fromthe heat punp units to the system piping.
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Bypass for Purging and Flushing: Provide a bypass around the heat punp
unit condenser coil. The bypass includes isolation valves and piping
that allows for purging and flushing of the system piping. Provide the
necessary flushing punp, hoses, and isolation valves.

Hanger Kits: Provide units with hanger kits consisting of galvanized
steel brackets, bolts, washers, and vibration isolators. The hanger
kit shall be designed to support the unit from bel ow and suspend from
t hr eaded rods.

kkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkkhkhkhkkhkkkkkkkkkkkhkhhhkkkkkxkx

Note: M croprocessor based controls should nornally
be utilized on large projects. Electronechanica
controls should be used on small installations,

housi ng, and renote | ocation projects.
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Controls: Controls and safety devices shall be factory wired and
nmounted within the control box of the unit cabinet.

(1) Provide a microprocessor based controller. The microprocessor
shall control sequencing, high and | ow pressure switch nmonitoring,
freeze protection, |ockout control, night setback, emnergency
shut down, short cycle protection, random start, LED node and fault
i ndicators, fault nenory, input and output diagnostics, and a
conmuni cations port. Provide a factory-installed | ow voltage
term nal block for field control wiring and a | ow vol tage
transformer. [Provide conmunications capability for renote direct
digital control (DDC). Use standard conmuni cation protocol such
as [LonWbrks], [BACnet], or other | ] protocol.] [Provide a
hand hel d, renote service termnal fromthe heat punp manufacturer
capabl e of interfacing with heat punp unit m croprocessor
controller to performdiagnostics, data retrieval, and calibration
functions.]

(2) Provide 24 volt electronechanical controls supplied with a | ow
vol tage transforner, punp relay, controls for conpressor
reversing valve coil, and lock out relay. Controls shall include
a random start relay, a night setback relay, and a conpressor
cycling relay for denmand | oad sheddi ng, and a condensate overfl ow
switch. Provide a |low voltage ternminal block for field control
wiring.
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. 2.

3

Space Tenperature Controls: Provide electronic nulti-stage,

aut o- changeover, adjustable thernmostats with

OFF- HEAT- AUTO- COOL- EMERGENCY system switch and AUTO ON fan switch.
Thernostats shall be furnished by the unit manufacturer. Provide
relays, transfornmers, contractors, and control wring between
thernostats and unit. Thernostats shall read out in degrees C and
degrees F.

Closed Circuit Coolers

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: It has been proposed as a forthcom ng action
that this specification paragraph for the closed
circuit cooler be nmoved into Section 23 64 00
PACKAGED WATER CHI LLERS, ABSORBTI ON TYPE or Section
23 64 10 WATER CHI LLERS, VAPCR COWPRESSI ON TYPE or
Section 23 65 00 COCLI NG TONERS AND REMOTE
EVAPORATI VELY- COOLED CONDENSERS.
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Fan and Casing: Construct the fan section (up to top of intake

| ouvers) of heavy gage stainless steel and construct casing of hot-dip
gal vani zed steel. Standard pan accessories shall include |ouver
access, overflow, drain, Type 304 stainless steel strainers, and brass
make-up valve with plastic float.

Axi al Propeller Fans: Fans shall be heavy duty axial propeller type
statically balanced. Construct fans with alum num all oy bl ades, and
install in a closed fitted com with venturi air inlet.

Fan Motors: Mtors shall be totally enclosed, ball bearing type, and
sui tabl e for outdoor service. Mdtors 1 Hp and greater shall be the
prem um efficiency type in accordance with NEMA M5 1. Fan notor speed
control shall be provided for notors 7.5 hp or |arger

Drive: Fan drive shall be multi-groove, solid V-belt type with taper
| ock sheaves designed for 150 percent of nameplate KWHP. Fan and
not or sheave shall be alumi num alloy construction. Belt adjustnent
shal | be acconplished fromexterior of unit.

Heat Transfer Coil: The coil shall be steel, encased in stee

framework with the entire assenbly hot-dip gal vani zed after
fabrication. Arrange tubes in a self-spacing, staggered pattern in the
direction of airflow for maxi nrum heat transfer efficiency and m ni mum
pressure drop, w thout the use of additional spacers between the coi
tubes. Design coil with sloping tubes for free drainage of liquid and
test to 2413 kPa 350 psi air pressure under water

Water Distribution System The systemshall provide a water flow rate
of not less than .3846 |/sec 6 gpmover each square foot of unit face
area to ensure proper flooding of the coil. Construct spray header of
Schedul e 40 pol yvinyl chloride (PVC) pipe for corrosion resistance.
Spray branches shall be renpovable for cleaning. Distribute water over
the entire coil surface by spray nozzles( 381 by 8 mm 15 by 5/16 inch
orifice) with internal sludge ring to elinminate clogging. Thread
nozzles into spray header to provi de easy renoval for maintenance.

Water Recircul ation Punp: The punp shall be cl ose-coupled, centrifuga
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2.

2.

4

type with nechanical seal, installed vertically at the factory to all ow
free drai nage at shut down.

Elinmnators: Construct elimnators of inert PVC in easily handl ed
sections. The elimnator design shall incorporate three changes in air
direction to ensure conplete renoval of entrained nmoisture fromthe

di scharge airstream Maxinmumdrift rate shall be less than 0.001
percent of the circulating water rate.

Construct Louvers From PVC. Mount |ouvers in renovable franes for
mai nt enance access to the pan. Louvers shall have a mni numof two
changes in air direction to prevent splash out and bl ock direct
sunlight.

Finish: Apply corrosion protection systemto the outside of galvanized
surfaces. Construct non-stainless nmetal conmponents of nmill hot-dip

gal vani zed steel. Coat conponent edges and welds with a 95 percent
pure zinc-rich compound. Preparation for coating shall include
degreasing, cleaning, and a |ight surface burnishing. The coating
shall be suitable for field repair with the sane original coating
material applied in the sane manner.

El ectric Pan Heater Package: Electric pan heater package consists of
electric imersion heaters, heater thernostat, and | ow water cutout,

all installed in pan. Size heaters to maintain plus 5 degrees C plus
40 degrees F pan water tenperature with the fans off at design
conditions indicated on drawings. Control the heaters with a
thernostat, and provide water cutout to prevent heaters from cycling on
unl ess they are conpl etely submerged. Provide heater contactor and
wiring under Section 26 20 00 | NTERI OR DI STRI BUTI ON SYSTEM

Di scharge Hood Wth Positive Closure Danpers: Provide unit with

di scharge hood, positive closure danpers, and 120-volt actuator for
reduction of heat loss during idle periods of winter tinme operation
Construct the discharge hood and danpers of hot dipped gal vani zed
steel. Equip hoods with access panels to facilitate mai ntenance on the
elimnators and water distribution system Factory assenble the
danpers, danper actuator, and |inkage.]

Pl at e Heat Exchangers

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTES:

1. Plate heat exchangers provide flexibility for
the designer. Plate heat exchangers are recomended
where there is a requirenent to isolate the outside

| oop that nmay have a glycol antifreeze fluid from
the inside |oop - where separation is necessary from
the inside | oop due to different heat transfer
fluids. Also plate heat exchangers should be
considered for use with systenms using closed circuit
coolers or cooling towers to isolate the ground heat
exchanger | oops fromthe building termnal | oops.

2. It has been proposed as a forthcom ng action
that this specification paragraph for the plate heat
exchanger be nmoved into Section 23 64 00, PACKAGED
WATER CHI LLERS, ABSORBTI ON TYPE, or Section 23 64 10
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WATER CHI LLERS, VAPOR COWPRESSI ON TYPE or Section
23 65 00 COOLI NG TOAERS AND REMOTE
EVAPORATI VELY- COOLED CONDENSERS

3. Provide the following flat plate heat exchanger
i nfornmati on on the draw ng:

a. Maxi mum water pressure drop through clean plates
and headers in kPa psi at the flow rates and
tenperatures indicated.

b. Mnimumrate of turbulent flowin |/sec gpm
t hrough any two plate segnent.

c. Mnimmplate thickness in mminch

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

Pl ates, frames, and gaskets shall be designed for a working pressure of
2.07 MPa 300 psi and factory tested at 31.0 MPa 450 psi. Medium
tenperature water, |ow tenperature water, and pressure relief valve
connections shall be located in accordance with the manufacturer's standard
practice. Connections larger than 80 nm 3 inches shall be ASME 2.07 MPa
300 pound flanged. Plates shall be corrugated [Type 304 stainless steel]

[ Type 316 stainless steel] [nickel-iron-chromumalloy confornming to

ASTM B424] [ ni ckel - nol ybdenum al |l oy conform ng to ASTM B333] [titani um
al l oy conformng to ASTM B265].

2.2.5 Pumps

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTES:

1. Design punping systens for energy efficiency.
I ndi cate the equi pnent operating requirenents,
i ncluding efficiency, on the draw ngs.

2. Pump energy is the key elenent in the design of
the water source and ground source heat punp
systems. An inefficient punp woul d defeat the
energy savings desired fromthe heat punp system
The desi gner shoul d avoi d excessive punp energy.
The desi gner should size the systemand punmp in
accordance to (1997) G ound- Source Heat Punps,
Desi gn of Ceothermal Systens for Commercial and
Institutional buildings. It is desired for the punp
power not to exceed 5 Hp per 100 tons of connected
cool ing capacity.

3. System design shoul d consider

a. High efficiency extended-range water to air heat
pumps.

b. The ground heat exchangers are of sufficient
| ength and dept h.

c. The heat transfer effects of the well grout is
considered.
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d. The water is designed for m ni mum punp power
requirements.

2.2.5.1 I n-Li ne Punps

Provi de punps constructed of manufacturer's standard materials suitable for
chilled water and hot water heating systenms. Punps shall have nechanica
seal s and drip-proof electric notors. Mdtors one Hp and greater shall be
the premiumefficiency type in accordance with NEVA MG 1.

2.2.5.2 End Suction Water Punps

Punps shall be single stage centrifugal, wi th mechanical seals and
drip-proof electric motors. Mtors one Hp and greater shall be the prem um
efficiency type in accordance with NEMA MG 1. Inpeller shall be bronze

O her punp parts shall be manufacturer's standard materials provided with
bronze inpeller punp. Provide threaded suction and di scharge pressure gage
tappi ng with square-head plugs. Provide flexible coupling with steel cover
guard on base-nounted punps. Base-nounted punp, coupling guard, and notor
shal |l each be bolted to a fabricated steel base which shall have bolt holes
for securing base to supporting surface. C ose-coupled punp shall be
provided with integrally cast or fabricated steel feet with bolt holes for
securing feet to supporting surface.

[ Provide punp suction diffuser. Casing of the punp suction diffuser shal
i nclude an angle type body of cast iron. Unit shall have interna
strai ghteni ng vanes, strainer with mninmum 6.35 nm 0.25 inch openings, and
auxiliary di sposable fine nesh strainer which shall be renmoved 30 days
after start-up. Provide warning tag for operator indicating schedul ed date
for renoval. Casing shall have connection sizes to match punp suction and
pi pe sizes, and be provided with adjustable support foot or support foot
boss to relieve piping strains at punp suction. Blowdown port and plug
shal |l be provided on unit casing. Provide a magnetic insert to renove
debris from system

12.2.5.3 [Pump [field assenbl ed] [factory assenbl ed] M nodul es]

[ Provi de punp nodul e package with all necessary fittings and

val ves.][Provide field assenbl ed punp units/conponents]Provide punp

[ modul e] units factory designed, assenbled, and pressure tested. Units
shal | include flanged punps, brass fill and purge val ves, quick rel ease
fill and purge ports, pressure/tenperature (Pete's) plug, wiring, and fuse
protection. Punps shall be the wet rotor and single stage types, with punp
casings thermally insulated. Provide nmanufacturer's standard gal vani zed
steel cabinet, finished with corrosion resistant epoxy paint. Punp

[ modul €] units shall be provided by the ground source, closed | oop heat
punp manuf act urer.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

NOTE: The desi gner should consider field assenbl ed
conponents as opposed to factory furni shed packaged
nodul e units.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

12.3 ELECTRI CAL WORK

*% *% *% *% *% *% *% *% *% *% *% *% *%%
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NOTES:

1. Show the electrical characteristics, notor
starter type(s), enclosure type, and maxi mumrpmin
t he equi pnent schedul es on the draw ngs.

2. \Were reduced-voltage notor starters are
reconmended by the nmanufacturer or required

ot herwi se, specify and coordinate the type(s)
required in Section 26 20 00 | NTERI OR DI STRI BUTI ON
SYSTEM  Reduced-voltage starting is required when
full voltage starting will interfere with other

el ectrical equipnment and circuits and when
reconmended by the manufacturer. Were adjustable
speed drives (ASD) are specified, reference Section
26 29 23 VARI ABLE FREQUENCY DRI VE SYSTEMS UNDER 600
VOLTS. The nethods for calculating the econony of
usi ng an adjustable speed drive is described in UFC
3-520-01, "Interior Electrical Systens".

3. Use the bracketed item where pol yphase notors
are part of an assenbly. Preniumefficiency notors
are required by Section 26 20 00 for individua
notors that are not part of an assenbly.

4. For Air Force projects, the base or activity
wi || designate which electrical specification
section applies.

5. The designer should show the notor starter size
with the punp schedule. The punp schedul e shoul d be
shown on the draw ngs.

Provide electrical notor driven equi pnment specified conplete with notors,
nmotor starters, and controls as specified herein and in Section 26 20 00

I NTERI OR DI STRI BUTI ON SYSTEM  Provi de hi gh efficiency type, single-phase,
fractional -horsepower alternating-current notors, including notors that are
part of a system in accordance with NEMA MG 11. |n addition to the
requirenents of Section 26 20 00 | NTERI OR DI STRI BUTI ON SYSTEM provi de

pol yphase, squirrel-cage nmedi uminduction notors, including notors that are
part of a system that neet the efficiency ratings for prem umefficiency
motors in accordance with NEMA M5 1. Provide notors in accordance with
NEMA M5 1 and of sufficient size to drive the load at the specified
capacity without exceeding the nameplate rating of the notor.

Motors shall be rated for continuous duty with the encl osure specified.

Mot or duty requirenents shall allow for maxi mum frequency start-stop
operation and m ni num encountered interval between start and stop. Modtor
torque shall be capable of accelerating the connected |oad within 20
seconds with 80 percent of the rated voltage maintained at notor termnals
during one starting period.

Mot or bearings shall be fitted with grease supply fittings and grease
relief to outside of the enclosure.

Manual or automatic control and protective or signal devices required for
the operation specified and any control wiring required for controls and
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devi ces specified, but not shown, shall be provided. For packaged
equi prrent, the manufacturer shall provide controllers including the
required nmonitors and tinmed restart.

[ Where two-speed or variabl e-speed notors are indicated, solid-state
vari abl e-speed controller may be provided to acconplish the sane function
Use solid-state variable -speed controllers for notors rated 7.45 kW (10
hp) or less and adjustable frequency drives for larger nmotors.] [Provide
variabl e frequency drives for motors as specified in Section 26 29 23
VARI ABLE FREQUENCY DRI VE SYSTEMS UNDER 600 VOLTS.]

[2.4 ABOVEGROUND PI PI NG SYSTEMs
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NOTE:

1) Cenerally the above ground piping pertains to
the interior building systens and the interior

| oop. Consider using a plate heat exchanger to
avoi d punping glycol heat transfer fluids around the
buil ding. Mninize exposure of glycol fluids to
personnel. For the interior building systens,

consi der using steel or copper piping. For the

out side ground | oop piping, use high density

pol yet hyl ene pi pi ng.

2) For the interior |oop, the designer should
consider air separation and water treatnent.

3) Refer to other sections for above ground piping
systens, such as Section 23 64 26 CHI LLED,
CHI LLED- HOT, CONDENSER WATER PI Pl NG SYSTENMS
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Provi de above ground piping as specified in Section 23 64 26 CHI LLED,
CHI LLED- HOT, CONDENSER WATER PI PI NG SYSTEMS

12.5 GROUND HEAT EXCHANGER PI PI NG SYSTEM

Provi de high density pol yethyl ene pipe, fittings, and piping conponents for
t he underground portions of the ground heat exchanger. Use of polyvinyl
chloride (PVC) or polybutylene pipe and fittings is not pernitted.

[ Provide high density polyethylene pipe coiled on reel, with U-bend factory
installed, pipe pre-marked for depth, and U-bend connections factory
tested. Because of their size and weight, coiled PE piping require
appropriate equi pnent and procedures for safe handling, installation, and
use. Reels and coiled pipe shall be all ow easy and through inspection of
the pipe exterior for any shipping and handling danage. The reel shall be
capabl e of securing the pipe coil while the pipe is being pressure tested.
The reel and pipe coil shall allow easy access and handling while spooling
the pipe coil off the reel for insertion into the bore hole.] Pipe coil on
reel shall be factory marked to show depth graduati ons.

2.5.1 H gh Density Pol yet hyl ene Pipe
Pi pe shall be manufactured fromvirgin high density pol yethyl ene extrusion
material in accordance with ASTM D2513 wi th PE345434C or PE355434C cel

classification and UV stabilizer of C, D, or E as specified in ASTM D3350.
Provide ASTM D3035 pipe with a standard dinmension ratio (SDR) of 11.0 for
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pipe less than 32 mm 1. 25 inches dianeter. Provide ASTM D2447, Schedul e 40

or ASTM D3035 pipe with a m ni num SDR of 13.5 for pipe 32 nm 1.25 inches

di ameter or greater, and a nininmum SDR of 17.0 for pipe 75 nm 3 inches

di ameter or greater. Provide ASTM D3035 pipe in vertical bores greater than
60 m 200 feet and up to 107 m 350 feet deep with a SDR of 11.0. Provide

ASTM D3035 pipe in vertical bores greater than 107 m 350 feet deep with a
SDR of 9.0.
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NOTE:

When specifying pipe and fittings for the project,
ensure that the total system pressure and
tenperature does not exceed the performance
capabilities of the pipe and fittings.
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.5.2 Fittings

Provide ASTM D3261 butt and saddle fusion fittings and ASTM D2683socket
fusion fittings manufactured in accordance with ASTM D2513. Barbed
fittings, conpression type fittings, nechanical joint fittings, grove
fittings, and hose clanps are not permtted in polyethylene [or

pol ybutyl ene] pipe systens. Al pipe fittings underground shall be fusion
type joints. Flange joints and fittings shall not be provided on

under ground pi pi ng.

.5.2.1 Threaded Transition Fittings

Provide ASTM D2513 reinforced threaded [steel][brass]-to-polyethyl ene
fittings. Fittings shall have a factory applied external epoxy coating.

. 6 Pl PI NG ACCESSORI ES
.6.1 Pi pe Hangers and Supports

Provide MBS SP-58 and MSS SP-69. Type 1 with adjustable type steel support
rods, except as specified or indicated otherwise. Attach to steel joists
with Type 19 or 23 clanps and retaining straps. Attach to Steel Wor S
beans with Type 21, 28, 29, or 30 clanps. Attach to steel angles and
vertical web steel channels with Type 20 clanp with beam cl anp channe
adapter. Attach to horizontal web steel channel and wood with drilled hole
on centerline and double nut and washer. Attach to concrete with Type 18
insert or drilled expansion anchor. Provide Type 40 insulation protection
shields for insulated piping.

.6.2 Strainers

ASTM A126, C ass B, flanged iron body, for 65 mm 2.5 inches and | arger
ASTM B62, cast iron or bronze for 50 nm 2 inches and smaller. Provide
basket or Y type. Tee type is acceptable for water service. Provide
screens constructed of bronze, nonel nmetal, or 18-8 stainless steel, free
area not less than 2.5 tines pipe area, with perforations as foll ows:

a. 80 mm3 inches and smaller: 1.1 mm 0.045 inches dianeter perforations
for |iquids.

b. 100 nm 4 inches and larger: 3.2 mmO0.125 inches dianeter perforations
for Iiquids.
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2.

6.3 [ Pressure Gages

Provide single style pressure gage with 115 nm 4.5 inch dial, brass or

al um num case, bronze tube, gage cock, pressure snubber, and syphon

Provi de scal e range for intended service. Gages shall have an accuracy of
0.5 percent [ ]of the span. Provide gages that have a dial layout with
maj or ticks with nunbers every 10[ ] pressure units and mnor ticks
every one[__ ] pressure unit. [Provide gages with dials showi ng kpa ps
units.] [Provide pressure gages with dual range dials, kpa and psi].]

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE:

1. To minimze the potential for |eaks and to

i ncrease diagnostic capability, provide
pressure/tenperature gage taps (often referred to as
P&T ports or Pete's plugs in the ground heat
exchanger | oop after its entrance to the buil ding;
do not provide conventional pressure gages.

2. \Were conventional pressure gages are provided,

t he designer shall specify the dial |ayout of the
gage in terms of frequency of tick marks and nunbers
to nmeet the intended service. Show the intended
service range on the drawings. It is inportant to
sel ect an intended range of the pressure in order to
render an accurate pressure readings.

3. This is a designer's choice to use Pete's plugs
or pressure gages. The use of pressure gages in

t hese types of systens is optional. Systens shal
have either pressure gages or Pete's plugs.

Per manent pressure gages require periodic

mai nt enance and cal i bration, and can be broken

*% *% *% *% *% *% *% *% *% *% *% *% *%%

6.4 Pressure/ Tenperature Test Provisions
6.4.1 Pete's Pl ug

Provide 15 mm 0.5 inch MPT by 75 mm 3 inches | ong, brass body and cap, with
retained safety cap, nordel self-closing valve cores, permanently installed
in pi ping where shown, or in lieu of pressure gage test connections shown
on the draw ngs.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: It is an option to specify the length of the
test port body. The test port can be provided in a
variety of lengths. Refer to manufacturer catal ogs
for details. Pete's plugs can be used for
facilitating neasurements of either pressure or
temperature.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

2.6.4.2 Testing Accessories

Provi de one each of the following test itens to the Contracting Oficer

SECTI ON 23 81 47 Page 40



a. 8 mMmO0.25 inch FPT by 3.2 nm 0. 125 i nch di aneter stainless stee
pressure gage adapter probe for extra |long test plug.

b. 90 nm 3.5 inch diameter, one percent accuracy, conmpound pressure
gage, 0 to 1378 kPa 0 to 200 psi range.

C. mnus 29 to 49 degree C mnus 20 to 120 degree F pocket
t her ronet er one-hal f degree accuracy, 25 mmone inch dial, 127 mm
5 inch long stainless steel stem stainless steel wetted
mat erials, and stainless steel external nmaterials.

[2.6.5 Thermometers

Provide bi-nmetal dial type thernonmeters with stainless steel case, stem
and fixed thread connection; 75 mm 3 inch dianeter dial with glass face
gasketed within the case; and accuracy within 2 percent of scale range.
Provi de scal e range for intended service

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: As an option, consider using Pete's Plug as
an aid in the taking of pressure or tenperature
readi ngs. The designer should select the correct
plug for tenperature neasurenents and nmake sure that
the plug can be installed in an acceptabl e nanner
and that the plug will operate within the

speci fication ranges.
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12.6.6 Fl exi bl e Pi pe Connectors

Provide flexible bronze or stainless steel piping connectors with single
braid where indicated. Connectors shall be suitable for the intended
service.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Residential ground coupl ed heat punp systemns
do not require expansion tanks, vents, or make-up
wat er systens.
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2.6.7 Expansi on Tanks

Construct of steel for mninmumworking pressure of 862 kPa (gage) 125 psi
Tank shal |l have pol ypropyl ene or butyl lined di aphragm whi ch keeps the air
charge separated fromthe water

2.6.8 Air Separators

[Provide tangential inlet and outlet connections, blowdown connections, and
internal perforated stainless steel air collector tube to direct rel eased
air to automatic air vent. Construct of steel for mnimmworking pressure
of 862 kPa (gage) 125 psi.] [Design to separate air fromwater and to
direct released air to automatic air vent. Unit shall be of one piece
cast-iron construction with internal baffles and two air chanbers at top of
unit; one air chanber shall have outlet to expansion tank and other air
chamber shall be provided with automatic air release device. Unit shall be
for mni mum wor ki ng pressure of 862 kPa (gage) 125 psi.]
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6.9 Tracer Wre for Nonnetallic Piping

Provi de bare copper or alum numwire not less than 2.5 nm0.10 inch in
diameter in sufficient length to be continuous over each separate run of
nonnetal | i c pipe.

.6.10 U-Bend Assenbl i es

Provi de factory-assenbl ed and fused injection-nol ded 180 degree U bend
assenbl i es equi pped with anti-buoyancy devices. U bend assenblies shall be
used for the vertical well field vertical |oop heat exchangers. U bend
assenbl i es shall be prefabricated assenblies with u-bends and conti nuous

pi pe. The assenblies shall be pre-marked [by the manufacturer] with depth
graduations. Each assenbly shall be the indicated | ength of the vertica

| oop heat exchanger as indicated. Each assenbly shall be factory pressure
tested to 689.5 kPa gage 100 psig. Each assenbly shall be provided with a
factory pressure test report. Each U-bend assenbly shall be tenporarily
capped to prevent the entry of dirt during storage and installation

.6.11 Pi pe Casings

Provide rigid nonmetallic conduit and fittings (PVC) as pipe casings at

fl oor penetrations and underground building entries for the entry of ground
heat exchanger piping. The conduit shall serve as a casing for ease of
installation and renoval of the piping into the building. The pi pe casing
diameter shall be at least 4 tinmes the diameter of the carrier pipe to
allow "pulling the pipe through the casing. Provide rigid nonnetallic
conduit and fittings specified complete with fittings and necessary
hardware as specified herein and in [Section 26 20 00 | NTERI OR DI STRI BUTI ON
SYSTEM].
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NOTE: Use for snall systens where the PVC conduit
act as a casing and all ows ease of installation of
the high density pol yethyl ene piping into the

building.
Carrier Pipe Size Casing Size
(mm) | (Inches) (mm) | (Inches)
19 3/4 100 4
25 1 100 4
32 1-1/4 100 4
38 1-1/2 150 6
50 2 200 8
2.6.12 Bui | di ng Surface Penetrations

Except as indicated otherw se, provide pipe sleeves as specified in this
section. Provide where piping passes entirely through walls, ceilings,
roofs, and floors. Secure sleeves in position and |ocation during
construction. Provide sleeves of sufficient length to pass through entire
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thi ckness of walls, ceilings, roofs, and floors. Provide 25 nmone inch
m ni mum cl earance between exterior of piping or pipe insulation, and
interior of sleeve or core-drilled hole.

Sl eeves shall not be installed in structural nenbers except where indicated
or approved. Except as indicated otherw se piping sleeves shall conply
with requirenents specified. Sleeves in non-load bearing surfaces shall be
gal vani zed sheet netal, conform ng to ASTM A653/ A653lN, Coating O ass G 90,
1.0 nm 20 gauge. Sleeves in |load bearing surfaces shall be uncoated carbon
steel pipe, conformng to ASTM A53/ A53N, [ Schedul e 30][ Schedul e

20] [ Standard weight]. Sealants shall be applied to noisture and oil-free
surfaces and el astoners to not less than 13 mm 1/2 inch depth. Sl eeves
shall not be installed in structural nenbers.

Each sl eeve shall extend through its respective wall, floor, or roof, and
shall be cut flush with each surface. Sleeves shall be of such size as to
provide a mnimumof 6.35 mm1/4 inch all-around cl earance between bare
pi pe and sl eeves or between jacketed-insulation and sleeves. Except in
pi pe chases or interior walls, the annul ar space between pi pe and sl eeve or
bet ween jacket over-insulation and sleeve shall be sealed in accordance
with Section 07 92 00 JO NT SEALANTS.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: For backstops and joint seal ants, reference
Section 07 92 00 JO NT SEALANTS and for fire
penetrations, reference Section 07 84 00
FIRESTOPPING.
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.6.12.1 Sl eeves in Masonry and Concrete

Provide [steel standard weight] [PVC standard wei ght] pipe sleeves. [Pipes
passi ng through concrete or nasonry wall or concrete floors or roofs shal
be provided with pipe sleeves fitted into place at the tine of
construction.] [Sleeves are not required where piping passes through
concrete floor slabs located on grade.] [Core drilling of masonry and
concrete nmay be provided in lieu of pipe sleeves when cavities in the
core-drilled hole are conpletely grouted snooth.]
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NOTE: For PVC sl eeves - consider where allowed by
| ocal, state, or fire code jurisdiction

*% *% *% *% *% *% *% *% *% *% *% *% *%%

.6.12.2 \Waterproof Penetrations

Pi pes passing through roof or floor waterproofing nmenbrane shall be
installed through a 5.17 kg/sgq. m 17 ounce copper sleeve, or a 0.81 mm
0.032 inch thick alum num sl eeve, each within an integral skirt or flange.

Fl ashi ng sl eeve shall be suitably formed, and skirt or flange shall extend
not | ess than 200 nmm 8 inches fromthe pi pe and be set over the roof or

fl oor nenbrane in a trowel ed coating of bitum nous cenent. The flashing
sl eeve shall extend up the pipe a mninmumof 50 nm 2 inches above the roof
or floor penetration. The annul ar space between the flashing sleeve and
the bare pipe or between the flashing sleeve and the netal -jacket-covered
i nsulation shall be sealed as indicated. Penetrations shall be seal ed by
either one of the follow ng nethods.
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a. Waterproofing Canping Flange: Pipes up to and including 250 mm 10
i nches in dianmeter passing through roof or floor waterproofing nenbrane
may be installed through a cast iron sleeve with caul ki ng recess,
anchor lugs, flashing clanp device, and pressure ring with brass
bolts. Waterproofing menbrane shall be clanped into place and seal ant
shal | be placed in the caul ki ng recess.

b. Mdul ar Mechani cal Type Sealing Assenbly: In lieu of a waterproofing
cl ampi ng fl ange, a nodul ar mechani cal type sealing assenbly may be
installed. Seals shall consist of interlocking synthetic rubber Iinks
shaped to continuously fill the annular space between the pipe/conduit
and sl eeve with corrosion protected carbon steel bolts, nuts, and
pressure plates. Links shall be |oosely assenbled with bolts to forma
conti nuous rubber belt around the pipe with a pressure plate under each
bolt head and each nut.

After the seal assenbly is properly positioned in the sleeve,
tightening of the bolt shall cause the rubber sealing elenents to
expand and provide a watertight seal rubber sealing elenents to expand
and provide a watertight seal between the pipe/conduit seal between the
pi pe/ conduit and the sleeve. Each seal assenbly shall be sized as
recomended by the manufacturer to fit the pipe/conduit and sl eeve

i nvol ved. The Contractor electing to use the nodul ar nechani cal type
seal s shall provide sleeves of the proper dianeters.

2.6.12.3 Fi re- Rat ed Penetrations

Penetration of fire-rated walls, partitions, and floors shall be seal ed as
specified in Section 07 84 00 FlI RESTOPPI NG

2.6.13 Escut cheon Pl at es

Provi de one piece or split hinge nmetal plates for piping entering floors,
wal I's, and ceilings in exposed spaces. Provide polished stainless stee
pl ates or chromi umplated finish on copper alloy plates in finished
spaces. Provide paint finish on nmetal plates in unfinished spaces.

2.7 HEAT TAPE

Provide UL listed parallel conduction type heat tape, with electrica
characteristics indicated, and adjustable thernostat for outdoor
aboveground winterized piping. The heat trace system shall neet
requirenents of the NFPA 70, Section 427. The tape shall not be affected
by direct sunlight, ambient tenperature, operating tenperature, rain, or
salt | aden atnosphere.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTES:

1. The designer should avoid requiring exposed

pi pi ng outside on the drawings. All ground source
heat punp system pi pi ng shoul d be desi gned and

i nstall ed underground bel ow the frost line.

2. Water source heat punp system piping to a closed
circuit cooling tower or other heat transfer device
shoul d be designed and installed underground bel ow
the frost Iine.
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2.

2.

3. The designer should consider heat tracing any
exposed pi ping and val ves, depending on the climate,
such as piping exposed at a closed circuit cooling
tower or water piping to a condenser

4. Were piping is required to be exposed outside,
t he desi gner shoul d consider using steel or copper
pi pe and fittings. The designer should provide heat
tape on steel or copper pipe.
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7.1 Heat Tape Construction

Provide flexible, parallel circuit construction consisting of a continuous
self-linmting resistance, conductive inner core material between two
paral | el copper bus wires, designed for cut-to-length at the job site and
for wapping around val ves and conplex fittings. Self-regulation shal
prevent overheating and burnouts even where the cable overlaps itself.

a. Provide end seals for ends of circuits. Wre at the ends of circuits
are not to be tied together.

b. Provide sufficient cable, as recomrended by the nanufacturer, to keep
the pipe surface at 1.1 degrees C 34 degrees F mni num during w nter
out door design tenperature as indicated, but not |ess than the
following:

(1) 80 nm 3 inch pipe and smaller with 25 nmone inch thick insulation
4 watts/ 0.3 m4 watts/feet.

(2) 100 mMm 4 inch pipe and larger 38 mMm 1.5 inch thick insulation, 8
watts/0.3 m 8 watts/feet of pipe.

.7.2 El ectrical Accessories

a. Power supply connection fitting and stainless steel nounting brackets.
Provi de stainless steel wormgear clanp to fasten bracket to pipe.

b. 13 mMm 0.5 inch wide fiberglass reinforced pressure sensitive cloth tape
to fasten cable to pipe at 305 mm 12 inch intervals.

c. Pipe surface tenperature control thernostat shall be cast al um num
NEMA 4 (watertight) enclosure, 15 nm 0.5 inch NPT conduit hub, SPST
switch rated 20 anperes at 480 volts ac, with capillary and copper bulb
sensor. Set thernpstat to naintain pipe surface tenperature at not
less than 1.1 degrees C 34 degrees F.

d. Signs shall be manufacturer's standard (NEC), stanped "ELECTRI C TRACED"
| ocated on the insulation jacket at 3 mm 10 feet intervals along the
pi pe on alternating sides.

8 ACCESS DOORS FOR VALVES
NOTE: |Indicate on the design drawi ngs the | ocations
of access doors for valves. Indicate the access

door sizes on drawi ngs by a typical detail.
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Provide factory fabricated and prined flush face steel access doors

i ncludi ng steel door frame equi pped with continuous hinges and
turn-screwoperated |latch. Provide door frame installation in plaster and
masonry walls. Provide access door size as indicated. [Provide
[insulated] [non-insulated] fire rated access doors as indicated. Fire
rated doors shall meet UL 10B. Doors shall be rated for [1-1/2 hours] [2
hours]]

2.9 AUXI LI ARY DRAI N PAN, DRAI N CONNECTI ONS, AND DRAI N LI NES

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: |Indicate on the design drawi ngs the | ocations
of access doors for val ves.
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Provi de gal vani zed steel auxiliary drain pans under units where indicated.
Provi de separate drain lines for the unit drain and auxiliary drain pans.
Drain pans shall be fully and freely draining in conpliance with ASHRAE 62. 1.
Trap drain pans to ensure conplete pan drainage. Provide drain lines ful
size of drain opening. Traps and piping to drai nage di sposal points shal
conformto Section 22 00 00 PLUMBI NG, GENERAL PURPOSE

2.10 ANTI FREEZE PROTECTI ON

NOTES:

1. Antifreeze solutions may be necessary in col der
climtes where the tenperature of the ground heat
exchanger fluid falls below the freezing point of
water.

2. The designer should determnine the need for
antifreeze based on analysis of the system | oads,
and the resulting fluid tenperatures over the annua
cycle.

3. The designer should determnine the anpbunt of
antifreeze required. The designer should not

speci fy beyond what is required. The heat transfer
fluid with antifreeze affects the punp power
consunption and al so quantity the heat transfer from
t he heat punp.

4. The designer shall conply with [ocal, state, and
federal regul ations regarding the use of antifreeze
in the ground | oop heat exchangers.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provi de [ethyl ene glycol] [propylene glycol] antifreeze fluid in a water
based sol ution which neets local, State, and Federal requirenments and is
acceptabl e to heat punmp conponent manufacturers. The antifreeze and

wat er - based heat transfer fluid shall be used in closed-Ioop ground source
heat punp systens for the transfer of energy to provide heating and
cooling. The heat transfer fluid shall contain the necessary corrosion
inhibitors to protect pipe and equi pnent fromattack by the antifreeze
solution utilized. The mxture of antifreeze and corrosion inhibitors in a
wat er based solution is defined as a heat transfer fluid.
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NOTES:

1. The designer should always eval uate the
life-health safety risk and i npact of the sel ected
heat transfer fluid.

2. The designer should indicate the percentage of
antifreeze required for the heat transfer fluid on
t he draw ngs.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

.10.1 Biodegradability

The heat transfer fluid shall not be less than 90 percent bi odegradabl e.
.10.2 Properties of the heat transfer fluid

The heat transfer fluid shall conformto the follow ng requirenents, and
aﬁzfs shall be performed in accordance with specified test nethods on the
.10.2.1 Fl ash Poi nt

The flash point of the heat transfer fluid shall not be |ower than 90
degrees C 194 degrees F, deternined in accordance with ASTM D92

.10.2.2 Bi ol ogi cal Oxygen Dermand (BQOD)

For 5 days the BOD, at 10 degrees C 50 degrees F, shall not exceed 0.2 gram
0. 007 ounce oxygen per gramnor be |ess than 0.1 gram 0. 0035 ounce oxygen
per gram

.10.2.3 Freezi ng Poi nt

The freezing point shall not exceed[ mnus 9 degrees C 15 degrees F],
determ ned in accordance with ASTM D1177
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NOTE: The designer should deternmine the resulting
freeze point of the heat transfer fluid after
careful analysis. The designer should indicate the
required freezing point of the heat transfer fluid.
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.10.2. 4 Toxicity

The toxicity shall not be less than LD 50 (oral-rats) of 5 grans 0.175 ounce
per kilogram The NFPA hazardous material rating for health shall not be
more than 1 (slight).

.10.2.5 Storage Stability

The heat transfer fluid, tested in accordance with ASTM F1105, shal

nei t her show separation from exposure to heat or cold nor show an increase
in turbidity.
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10. 3 Quality

The heat transfer fluid, shall be hompbgeneous, uniformin color, and free
fromskins, lunps, and foreign materials detrinmental to usage of the fluid.

11 CHEM CAL FEED PROVI SI ONS

Provi de chemical feed provisions as specified in Section 23 64 26 CH LLED,
CHI LLED- HOT, CONDENSER WATER PI PI NG SYSTEMS

2.11.1 Aboveground Condenser Water Piping System

Add borate-nitrite corrosion inhibitors, acceptable to heat punp conponent
manuf acturers, to initial fill water for heating and cooling water systens
in concentrations of[ 0.0039 liter/liter 0.5 ounce/gal] of systemwater if
corrosion inhibitors are not contained in freeze protection solution in the
ground heat exchanger | oop

2.11.2 Chil | ed/ Hot Water Piping System

Add borate-nitrite corrosion inhibitors, acceptable to heat punp component
manuf acturers, to initial fill water for heating and cooling water systens
in concentrations of[ 0.0039 liter/liter 0.5 ounce/gal] of systemwater if
corrosion inhibitors are not contained in freeze protection solution in the
ground heat exchanger | oop

2.11.3 G ound Heat Exchanger Piping
Provide corrosion inhibitors acceptable to heat punp nmanufacturers with

concentrations suitable for each systen] and appropriate for the antifreeze
used].

]2.12 PAI NTI NG OF NEW EQUI PVENT

2.

New equi pnent painting shall be factory applied or shop applied, and shal
be as specified herein. New equi pment surfaces constructed of non-ferrous
surfaces and nmaterials do not have to be factory or shop painted.

12.1 Factory Painting Systens

Manuf acturer's standard factory painting systenms may be provided subject to
certification that the factory painting systemapplied will wthstand 125
hours in a salt-spray fog test, except that equipnent |ocated outdoors
shal |l withstand [125][500][3000] hours in a salt-spray fog test. Field
appl i ed coatings are not acceptable. Provide a factory coating system on
the fins of exterior heat transfer equi pnent that neets ASTM B117. 85
salt-fog test duration for [125][500][3000] hr. Salt-spray fog test shal
be in accordance with ASTM B117, and for that test the acceptance criteria
shall be as follows: imediately after conpletion of the test, the paint
shall show no signs of blistering, winkling, or cracking, and no |oss of
adhesi on; and the specinmen shall show no signs of rust creepage beyond 3 nm
0.125 inch on either side of the scratch nmark.

The filmthickness of the factory painting system applied on the equi pnent
shall not be less than the filmthickness used on the test specinen. |If
manuf acturer's standard factory painting systemis being proposed for use
on surfaces subject to tenperatures above 50 degrees C 120 degrees F, the
factory painting systemshall be designed for the tenperature service
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2.12.2 Shop Pai nting Systenms for Metal Surfaces

Clean, pretreat, prine and paint netal surfaces; except stainless steel

al um num or bronze alloy surfaces need not be painted. Apply coatings to
clean dry surfaces. Cean the surfaces to renove dust, dirt, rust, oil and
grease by wire brushing and sol vent degreasing prior to application of

pai nt, except nmetal surfaces subject to tenperatures in excess of 50
degrees C 120 degrees F shall be cleaned to bare netal.

Where nore than one coat of paint is specified, apply the second coat after
the preceding coat is thoroughly dry. Lightly sand danaged painting and
retouch before applying the succeeding coat. Color of finish coat shall be
al um num or |ight gray.

a. Tenperatures Less Than 50 Degrees C 120 Degrees F: Immedi ately after
cl eaning, the netal surfaces subject to tenperatures |ess than 50
degrees C 120 degrees F shall receive one coat of pretreatment priner
applied to a mninmumdry filmthickness of 0.0076 m 0.3 nil, one coat
of primer applied to a mnimumdry filmthickness of 0.0255 mmone nil;
and two coats of enanel applied to a mininumdry filmthickness of
0. 0255 nm one m | per coat.

b. Tenperatures Between 50 and 205 Degrees C 120 and 400 Degrees F. Metal
surfaces subject to tenperatures between 50 and 205 degrees C 120 and
400 degrees F shall receive two coats of 205 degrees C 400 degrees F
heat -resi sting enanel applied to a total m nimumthickness of 0.05 mm 2
mils.

c. Tenperatures Greater Than 205 Degrees C 400 Degrees F. Metal surfaces
subject to tenperatures greater than 205 degrees C 400 degrees F shal
receive two coats of 315 degrees C 600 degrees F heat-resisting paint
applied to a total minimumdry filmthickness of 0.05 nm2 mils

.13 BENTONI TE GROUT

Provi de bentonite grout m xture for pressure grouting and sealing the bore
hol e of the vertical well. Provide grouting of wells in accordance with

| GSHPA 21015. The grout selected shall neet NSF/ ANSI 60. The grout shal
meet all local and state rules and regul ations. The bentonite will be a
slurry that will be tremie grouted fromthe bottom of the boring to the
surface in accordance with the I GSHPA installation manual. The contractor
will work quickly to assure that there are no air voids fornming as a result
of the bentonite placing.

.13.1 Hi gh Grade Bentonite G out

Provi de high grade bentonite grout mixture. The grout shall be mixed with
potable water. The grout shall be m xed per nmanufacturer instructions.

The t hernoconductivity of the grout shall be 0.744 WnK 0.43 Btu/hr-ft-F or
greater. The mninmum solids content shall be 23 percent. The target grout
wei ght shall be 1140 kg/nB 9.5 I b/gallons to 1176 kg/nB8 9.8 | b/gallon

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Check with local and State requirenents
regardi ng the use of bentonite for sealing of the
bore hole. Consider the use of high grade bentonite
grout where thermal perfornmance is not an issue.

The thermal conductivity of the grout will have to
be considered the designer in the heat transfer
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calcul ation and well design and sizing. Hi gh grade
bentonite grout is usually used for wells that have
unconsol i dated (sand and gravel or soil Iike)

aqui fers. The high grade bentonite grout mxture
consi sts of 50 pounds of bentonite mxed with 23
gal l ons of potable water which gives a mxture of 27
gal l ons of high grade bentonite grout.
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2.13.2 Thernmal |l y- Enhanced Bentonite G out

[ Provide thermally enhanced bentonite grout m xture. Thermally enhanced
bentonite grout mixture shall be a high solids bentonite grout. The grout
shall be mixed per the manufacturer instructions. Potable water shall be
used for mxing the grout. G out shall have a mninum solids content of 65
to 70 percent. The thermal conductivity of the grout m xture conmpound
shall be a minimumof 1.73 WnK 1.0 Btu/hr-ft-F or greater. The target
grout weight shall be 1596 kg/nB 13.3 Ib/gallons to 1728 kg/nB8 14.4
| b/ gallon. The thernally-enhanced bentonite grout shall have a thernal
enhancenent conpound consi sting of a high-grade silica conmpound that
constitutes a m ni num of 50 percent by weight of the aqueous slurry.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Check with local and State requirenents
regardi ng the use of bentonite for sealing of the
bore hole. Use thernally enhanced bentonite grout

m xture where the thermal characteristic of the wel
is critical to the performance of the well system
The thermal conductivity of the grout will have to
be considered by the designer in the heat transfer
cal cul ation and well design and sizing. Thermally
enhanced bentonite grout is usually used for wells

t hat have unconsolidated (sand and gravel or soi
like) aquifers. The thermally enhanced bentonite
grout m xture consists of 54 pounds of bentonite

m xed with 350 pounds of silica sand, and 21.5
gal l ons of potable water which gives a mxture of 41
gal lons of thermally enhanced bentonite grout.with a
solids content of 69 percent, a weight of 14.2

I b/gallon, and a thermal conductivity of 1.12

Btu/ hr-ft F.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

2.13.3 Cenentitious Thermal |y Enhanced G out

[ Provide Cenentitious Thermally Enhanced Grout m xture. The cenentitious
thermal |y enhanced grout nixture shall be a high solids sodium bentonite
grout with portland cenent, potable water, silica sand conmpound, and a
super plasticizer conpound. The grout shall be m xed per the manufacturer
instructions. Potable water shall be used for mxing the grout. The
thermal conductivity of the grout m xture conmpound shall be a mnini num of
2.42 WnK 1.4 Btu/hr-ft-F or greater. The target grout weight shall be
1920 kg/ nB8 16 | b/ gall on.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Use cenentitious thermally enhanced bentonite
grout mi xture where the thermal characteristic of
the well is critical to the performance of the wel
system The thermal conductivity of the grout wll
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have to be considered by the designer in the heat
transfer cal culation and well design and si zing.
Cenentitious thermally enhanced bentonite grout is
usual Iy used for wells that have consolidated (rock
| i mest one, sandstone, bed rock, granite, etc)
aquifers. Use this grout where the ground water has
a pHless than 5.0 and/or a total dissolved solids
content greater than 1000 ppm The cenentiti ous
thermal |y enhanced bentonite grout mxture consists
of 94 pounds of portland cement mxed with 200
pounds of silica sand, 1.04 pounds of 200 nesh

sodi um bentonite, 6.19 gallons of potable water, and
21 fluid ounces of a superplasticizer (sulfonated
napht hal ene) which gives a mxture of 19 gall ons of
cenentitious thermally enhanced bentonite grout.wth
a weight of 18 Ib/gallon, and a thermal conductivity
of 1.4 Btu/hr-ft F. For salt water zones, use a
grouting material that is resistant to salt water

*% *% *% *% *% *% *% *% *% *% *% *% *%%

2.14 CONTROLS

Controls for the [ground-loop J[water-loop ]heat punp systens conplete and
ready for operation shall be integrated with the HVAC system control s
package specified in Section [23 09 53.00 20 SPACE TEMPERATURE CONTRCOL
SYSTEMS,] 23 09 00 | NSTRUVENTATI ON AND CONTROL FOR HVAC. Systens include
heat punps, system equi prent, piping, punps, electrical equipnent,

controls, [wells,] and condenser Controls shall be designed in accordance
with the manufacturer's recommendations and to conply with the sequence of
controls shown on the draw ngs.

PART 3 EXECUTI ON
3.1 CONSTRUCTI ON- RELATED SUSTAI NABI LI TY CRI TERI A
Per f orm and docunent the foll ow ng:
3.1.1 I ndoor Air Quality During Construction
Provi de docunentation showing that after construction ends, and prior to
occupancy, new filters were installed in conformance with Section 01 33 29
SUSTAI NABI LI TY REPORTI NG par agr aph | NDOOR Al R QUALI TY DURI NG CONSTRUCTI ON
3.2 INSTALLATION
3.2.1 Heat Punp System
Mai nt enance access to each piece of equipnent shall not be conprom sed by
any type of piping, electrical conduit, or any other utility. Further,

install equipnment in accordance with NFPA 70 and with the manufacturer's
witten installation instructions, including the follow ng:

[ Wat er-source water-to-air heat punps - installation instructions

i WAt er - source water-to-water heat punps - installation instructions
I Closed Circuit Coolers - installation instructions

i Pl at e Heat Exchangers - installation instructions
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I Heat Tape - installation instructions

i As-Built Drawings of the installed systenms. As-built draw ngs
shal | al so show and docunment the as-constructed |ocations of the
well field with dinensions, including all wells and | oop fields.

13.2.2 Connections to Existing Systemns

Notify the Contracting Officer in witing at |east 15 cal endar days prior
to the date the connections are required. Obtain approval before
interrupting service. Furnish materials required to make connections into
exi sting systens and perform excavating, backfilling, conpacting, and other
i ncidental |abor as required. Furnish |abor and tools for naking actua
connections to existing systems. Flush existing systens in accordance with
par agr aph FLUSH NG THE GROUND HEAT EXCHANGER prior to naki ng connections.

3.3 ABOVEGROUND PI PI NG

Provi de above ground piping as specified in Section 23 64 26 CHI LLED,
CHI LLED- HOT, CONDENSER WATER PI PI NG SYSTEMS

a. Ceaning of Piping: Keep interior and ends of new piping and existing
pi pi ng, affected by Contractor's operations, cleaned of water and
foreign matter during installation by using plugs or other approved
nmet hods. Wen work is not in progress, securely close open ends of
pi pe and fittings to prevent entry of water and foreign matter
I nspect piping before placing into position.

b. Flushing and Purging of Piping: Before connection of the header to the
pol yet hyl ene ground heat exchanger |oops, flush and purge the entire
aboveground pi pi ng systemthoroughly in accordance with | GSHPA 21020
recommendations and leave filled with clean water. |If the header is
not inmediately joined to the ground heat exchanger |oop, the open ends
shal | be taped or capped. Purge and vent the above ground system
pi ping of all air.
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NOTE: It is extrenely inportant to vent and purge
all air out of the |oops, especially the plastic

pi pi ng systens. Leaving any air in the piping could
lead to potential flow blockage and could lead to a
cat astrophic pipe failure by explosion.
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3.4 EARTHWORK

Eart hwork shall be performed in accordance with applicable provisions of
Section 31 00 00 EARTHWORK, except that bentonite and thernmally enhanced
grouts shall be used where indicated
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NOTES: For the designer to consider - geothermal
pi ping do not require trenches with graded bottons,

| oad bearing bottons, or sand fill beddi ng unless
the piping is on rock. Backfill trenches with soi
fine enough to fill conpletely around the pipe.

Conpacting to 6" lifts is not required.
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3.

a. Consider for large systens: Lay all supply
piping in an orderly way in one trench. Consider
the sane trench nmethod for return systens.

b. Consider for residential systens: consider
geot hernal pi ping on one side of trench for
utilities.

c. Aside frombuilding entries or vault connection
areas, the geothermal pipe |oops are flexible, and
contract and expand due to tenperature variations.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

5 GROUND HEAT EXCHANGER PI PI NG

Exami ne areas and conditions under which ground heat exchanger systens will
be installed. Prior to excavation, trenching, or drilling, |ocate and mark
buried utilities. Do not proceed with work until approved by the
Contracting Officer. Sharp bends and mtered joints shall not be used in
piping. Provide fittings for changes in direction when mi ni mrum bend

radi us, as reconmended by the pipe manufacturer, is exceeded. Al pipe
bends shall be radius type el bows. Mke changes in piping sizes through
tapered concentric fittings. Leaks shall be "cut-out" and repaired in
accordance with the pipe manufacturer's recommendations. Direct buried
threaded or flanged connections are not permtted. Prior to installation
of the ground heat exchanger systens, verify that the installers are
certified Gound Heat Exchanger Installers. [Inspect all piping for damage
prior to installation. Installation shall follow I GSHPA gui delines as well
as local, state, and Federal guidelines and regul ations. Upon delivery of
pi pi ng, inspect the pipe for danmage and verify that the pipe neets the
project specifications. Prior to installation of pipe, carefully inspect
pi pe for damage. Do not use the pipe if it has a cut or a gouge that is
more than 10 per cent of the mininmumwall thickness of the pipe. [Provide
reels and pipe coil. Reels shall be be used to securely hold the pipe coi
whi |l e being pressure tested. Wen inserting the pipe into the bore hole,
spool off pipe fromthe reel into the hole.]

51 Vertical Well Fields
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NOTE: The designer shall beconme famliar with the
| ocal and state regul ations regardi ng geot her mal

wel l's and water wells. The designer shall nodify

t hese specifications in accordance to the |ocal and
state regul ations. The designer shall design and
speci fy the heat exchanger systens to neet the
specific local and state regulations and statutes
that may be required, such as:

Vell driller licensing and certification
Pump installer licensing

Wl |l construction permt

Local and/or State approved well permt
Al l owabl e grout requirenents

Al | owabl e heat transfer fluids

Al | owabl e pipe materials

Wl |l construction log record

Wl | abandonnment and abandonment records
Wel | closing and cl osing records.

TTFQe@Teaooe
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Antifreeze fluids, if any

Water treatnment chemicals, if any
Corrosion inhibitors, if any

G oundwat er conservation

Protection of different aquifers

Aut horization to install and operate

FDOS3 TR

*% *% * *% *% *% *% *% *% *% *% *% *%%

Each vertical well and ground heat exchanger |oop shall have a Wl
Construction Permit as required by local and state regulations. In
addition, each well and ground heat exchanger |oop shall have a | ocal and
/or state Approved Well Pernit as required by | ocal and state regul ati ons.
The contractor shall maintain these permts during the construction
contract period. A copy of the permts shall be submitted with the
As-built docunentation. Construction and installation of each well shal

be in accordance to these permits. Each well shall be perfornmed by a state
[ ] certified well driller. Certifications shall be in the state where
the work occurs. Prior to installation of wells, verify the the well
drillers and punp installers are certified. For any well that is abandon
abandonment shall be perforned in accordance to |ocal and state
regul ati ons. Provi de abandonnment records with certification to the
contracting officer for review and subnmittal to the state. For any well
that is closed, closing shall be perfornmed in accordance to local and state
regul ations. Provide closing records with certification to the contracting
of ficer for review and submttal to the state. Al well subnittals and
records shall have the nanes of the well drillers and punp installers,
copies of their certifications.

Each U-bend | oop shall be factory assenbled, laid out straight, taped to
reduce springback, and water pressure tested at 689 kPa 100 psi for |eaks
and flow by | GSHPA 21020 recomended procedures before the hole is bored.
Conply with all local and state codes, regul ations, and requirements during
the construction of the vertical wells or bore holes. Subnit for each
vertical well a Well Construction Log Record.

a. The borehole shall be constructed as indicated. Were any discrepancy
exi sts between | ocal and state codes, regulations, and requirenents and
this specification, the nore stringent requirenment applies. The U bend
shall be factory assenbled and pressure tested to 100 psig prior to
insertion into the vertical bore. Al connections shall be by heat
fusion. Wen inserting the U-bend assenbly into the bore hole, use the
depth graduati ons as another neans of verification of depth of the bore
hole. There shall be no joint in either |eg of each vertical |oop
except for the factory assenbl ed connection at the U bend.

b. Vertical bores shall be 1.5 m5 feet deeper than the Iength of the
U-bend assenbly | oop and shall be clean (no casing) and of sufficient
dianmeter to facilitate the installation of the U bend assenbly and a

third pipe for pressure grouting. Fill the loop with water and
pressurize to 276 kPa 40 psi to prevent the pipe from being crushed by
backfill material. Tenporarily cap the ends of the U bend assenblies

until the actual testing begins. The cap shall be fused to the pipe
end in order to hold the pressure. Pressure testing can be perfornmed
while the bore hole is being drilled.
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NOTE: The loop nust be filled with water prior to
insertion into the hole that has drilling nud and/ or
water in it. However, for dry holes (drilled with
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air and have very little water in them, consider
installing tubing without water and fill and test
after insertion. The disadvantage with this is
during pressure testing - leaks will be hard to see
visually.

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

Backfill the bores fromthe bottomup with a bentonite grout materi al
and grouting process in confornmance with | GSHPA 21010 to ensure pipe
contact and conpliance with local and State requirements for sealing.
Bentonite grout shall be prepared and mix in accordance wth

manuf acturer's recommendations for water-to-nix ratio. Gouting
materials shall be placed using a pressure punp with a tremnie pipe
system Install the grouting material fromthe bottomto the top of
the vertical borehole. [If ant settling occurs during the initial
24-hour period after installation, additional material shall be added
to insure the grouting material remains at the desired surface |evel.
The bores shall not contain |arge, sharp, or jagged rocks or debris.
Take reasonabl e and prudent care during installation and backfilling to
not crush, cut, or kink the pipe.

In the event that a geological formation is encountered, that prevents
the grouting material fromfornng a solid seal, either a 9.5 nm 3/8
inch or 19 mm 3/4 inch cenentitious bentonite grout material may be
used to seal the specific formation zone. Notify the contracting

of ficer of any problenms encountered. Upon conpletion of the specific
zone, resume grouting until the desired surface of the vertical well or
bore hol e is reached.

During installation of the vertical well, naintain a water and soils
log. The log shall indicate depth of water encountered, naterials
encountered, depth intervals of materials and physical description. If
water is encountered, indicate in the log the depths at which it was
encountered, and the static water level. Include in the |log the type
of drill rig used, the actual drilling tine to conplete the bore hole.

In absence of other requirenments or as indicated, provide u-bend
assenbl i es having the follow ng pipe dianmeters for the u-bend assenbly
[ ength as follows:

19 mm 3/4 inch dianeter for 30 to 60 m 100 to 200 feet | oop |l ength

25 mm 1 inch dianmeter for 45 to 90 m 150 to 300 feet | oop length

32 Mm 1-1/4 inch dianeter for 76 to 150 m 250 to 500 feet loop length
Each well location shall be shown and identified on as built draw ngs.
[Provide a tracer wire system] [The tracer wire systemshall include
a locator device to identify the well field. The |locator device shal
be | ocated in the nmechanical room]

M ni mum vertical well distance: |n absence of other requirenents or as
i ndi cated, provide a mnimmwell separation distance between wells of

4.572 | ] mi15 | ] feet. Provide a m nimum separation distance
bet ween wells and buil ding foundation walls of 6.0 | ]m 20 [ ]
feet.
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3.

5.2 Hori zontal Well Fields and Header Pi ping
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NOTE: For insulation on buried piping: The intent
with the option or bracketed requirement noted bel ow
is to prevent frost heave. The specifying

engi neer/ desi gner shoul d del ete the option where
fluid tenperatures are not below 1.7 degrees C 35
degrees F.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Hori zontal trenches for ground heat exchanger piping may be dug with a

chain type trenching machi ne or a backhoe. The piping shall be buried a

m nimum of 1.2 m 48 inches deep or as indicated. Make joints while pipe is

| ayi ng beside the trench. |f the soil contains rocks, dig the trench 152 mm
6 i nches deeper than required and install a base of 152 mm 6 inches of

fines or sand before placing the pipe. [Buried piping in systens

containing antifreeze and installed within 1.5 m 60 inches of any building

wal |, structure, or pipe shall be insulated with R-2 m ninum cl osed cel
insulation.] After the piping is installed, tested, and flushed, purged,

i nspected, and approved while still under pressure, backfill 152 mm 6 inches
above with fines or sand. Conplete backfill in accordance with

| GSHPA 21020 recommended procedures. Wen laying pipe in trench, insure
the bottomof the trench is snooth, free fromrocks and debris. Wen

| aying pipe, use a fine to nmedium backfill to fill trench. |If there are
multiple pipes in the trench, insure each pipe is conpletely surrounded and
supported with backfill before the next pipe is install ed.

[3.5.2.1 Piping at Building Entries

Install a rigid non-netallic conduit (PVC) as a pipe casing at building
entries and floor penetration. The casing allows ease of installation of
the ground heat exchanger piping into the building. The conduit should
extend 610 mm 24 inches fromthe building foundation. The conduit should
end 152 m®b i nches above the floor. The ends of the conduit where the pipe
is located, fill the annular space with insulation and a silicone seal
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NOTE: For ease of pipe installation of small
systens, consider using PVC conduit as a neans of a
pi pe casing for pipe entries into buildings.

*% *% *% *% *% *% *% *% *%%

13.5.3 Pol yet hyl ene Pi pi ng

Install piping in accordance with nmanufacturer's witten instructions.

Pol ybut yl ene pi pi ng shall not be used. Piping conponents shall be joined by
a heat fusion nethod that conforns the piping manufacturer's recomendati on
for this application. During installation, keep trash, soil, and foreign
obj ects out of the pipe. Tape or cap ends of the pipe until the pipe is
joined to the circuit. The vertical |oop take-off tee fittings rmay be made
using tee fittings or the saddl e fusion process on header piping 32 nm1.25
i nches di aneter and above. Conpletely renpbve the cutout on the saddl e
tees. Use bell reductions at pipe reductions. Use reducing socket tees
when fabricating socket type reduci ng headers. Avoid sharp bends and
mtered el bows and bends in piping. Consult pipe manufacturer for nininmm
bend radius. Install elbow fittings at changes in pipe direction that are
tighter than the m ni num recommended bend radius. Use only continuous pipe
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in vertical U bend | oops.
3.5.4 Heat Fusi on 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 20 nm 3/4 inches
diameter and less. Use butt fusion joints for pipe greater than 20 mm 3/4
inches dianeter. Different plastics or grades of plastic shall not be
fused together. Wen fusing pipe, performheat fusion tests to verify the
quality of the joints. Notify the Contracting Oficer, the results of the
heat fusion tests.

3.5.5 Pressurizing

After assenbly of the entire ground |oop system fill the systemw th water
and pressure test to 689 kPa 100 psi. Visually inspect welds prior to
backfill of the trenches.

3.5.6 Pi pe Identification

Install netalized (detectable) warning and identification tape above each
hori zontal pipe run. Install tape a mninumof 152 nm 6 inches bel ow
finish grade. Install nechanical identification of vertical bore holes and
connecti ng headers.

[3.5.7 Tracer Wre

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: In lieu of a tracer wire system consider a a
nmet al i zed warni ng tape
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Install a continuous |ength of tracer wire for the full Iength of each run
of nonnetallic pipe. Attach wire to top of pipe in such manner that it

wi Il not be displaced during construction operations. [Provide a tracer
wire systemwith a locator device for identifying the well field.]

13.5.8 Threaded Fittings

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

3.6 FI ELD PAI NTI NG AND FI NI SHI NG

Requirenments for field painting and finishing are specified in Section
09 90 00 PAINTS AND COATI NGS.

3.7 FLUSHI NG AND PURGA NG GROUND HEAT EXCHANGER

Bef ore connection of the plastic ground heat exchanger | oops to the header
flush and purge each | oop thoroughly in accordance with | GSHPA 21020
recommendations and | eave filled with clean water. |If the loop is not

i medi ately joined to the header, it shall be taped or capped. Purge and
vent the ground heat exchanger system piping of all air.
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3.

8 ADJUSTMENTS

Adj ust controls and equi prent so as to give satisfactory operation. Adjust
entire water tenmperature control system and place in operation so that
water quantities circulated are as indicated. Adjust and bal ance air duct
systens so that air quantities at outlets are as indicated and so that
distribution fromsupply outlets is free fromdrafts and has uniform
velocity over the face of each outlet.

.9 I NSTRUCTI NG OPERATI NG PERSONNEL

Upon conpl etion of work and at tinme designated by Contracting Oficer,
provi de services of water source heat punp manufacturer's technica
representative for period of not |ess than one 8-hour working day for
i nstructi on of Government operating personnel in proper operation and
mai nt enance of equi prent.

.10 FI ELD QUALI TY CONTROL

Upon conpl etion and before final acceptance of work, test each systemin
service to denonstrate conpliance with the contract requirements. Adjust
control s and bal ance systens prior to final acceptance of conpleted
systens. Test controls through every cycle of operation. Test safety
controls to denonstrate perfornance of required function. Correct defects
in work provided by Contractor and repeat tests. Furnish fuel, water,
electricity, instrunents, connecting devices, and personnel for tests.

Fl ush and cl ean piping before placing in operation. C ean equipnent,

pi ping, strainers, ducts, and filters.

.10.1 Pi pi ng Systens Except for G ound Heat Exchanger and Refri gerant

For above ground piping systens, and steel or copper piping systens: Before
i nsul ating, hydrostatically test each new pi ping systemat not |ess than
[1.5 times the system working pressure][ 1296 kPa gage 188 psi based on 1.5
times a system pressure of 862 kpa gage 125 psig]. Miintain pressure for 2
hours with no | eakage or reduction in gage pressure. Cbtain approva

bef ore applying insulation

.10.2 Fl ow Test of G ound Heat Exchanger Piping

Bef ore backfilling the trenches, flush, purge, and vent systens of air and
flowtest to ensure all portions of the heat exchanger are properly flow ng
usi ng the procedures recomended by | GSHPA 21020. Utilize a portable
tenmporary purging unit consisting of the follow ng:

a. High volunme, high head purge punp

b. Open reservoir

c. Filter assenbly with bypass

d. Flow neter

e. Pressure gage

f. Connecting piping

g. Connecting hoses
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NOTES:

1. These purging and venting requirements are for
heat punp systens with a connected | oop capacity of
35.2 kilowatt 10 tons or | ess of connected | oop
capacity

2. In larger systens greater than 35.2 kilowatt 10
tons of connected | oop capacity, the designer shal

i ndi cate on the drawi ngs a system design that allows
purgi ng and venting of air with high horsepower
circulating punps, air ejectors, and val ved-off
header systems. A portable purge punp nay not be
necessary if the ground heat exchanger and indoor
piping is free of debris and other construction
material.

3. For larger ground source heat punp systens,
greater than 35.2 Kilowatt 10 tons of connected | oop
capacity, the designer should show on the draw ngs
ground exchanger |oops with accessible val ves and

fl ushi ng/vent connections inside a building or in
manhol es for each section.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Usi ng a purge punp and the procedures recomended by | GSHPA 21020, fl ush
and purge each ground heat exchanger systemuntil free of air, dirt, and
debris. A velocity of 0.6 msec 2 feet/sec is required in pipe sections to
renove the air. Purge and vent all air fromthe piping.

Performthe flushing and purging operation with the water source heat punps
i sol ated by shutoff valves fromthe ground heat exchanger system Allow
purge punmp to run 15 minutes after the | ast air bubbl es have been renpved.
After the ground heat exchanger is conpletely flushed of air and debris,
open the isolation valves and pernmt circulation through the heat punps
until the entire systemis flushed and purged.

Utilizing the purging unit and the procedures recomended by | GSHPA 21020,
conduct a pressure and flow test on the ground heat exchanger to ensure the
systemis free of blockage. |If the flow test indicates bl ockage, |ocate
the bl ockage using the manufacturer's recomendation, renove the bl ockage,
then repeat the purge procedure and conduct the pressure and flow test
again until all portions of the systemare free flowing. The flow test
shal | be observed and approved by the Contracting Oficer

After purging has been conpleted, add the required amobunt of antifreeze to

the systemto achieve the required solution concentration. [Fill the open

reservoir with the quantity of antifreeze required for mnus 9 degree C 15

degree F freeze protection and run the purge punp 15 minutes to deliver the
antifreeze to the system Test the solution with a hydroneter to determ ne
the actual freezing point.]

Form 1, "Ground Heat Exchanger Inspection and Test Report" |ocated bel ow,
shal |l be conpleted for each systemby the [Contractor] [or QC Manager]
after conpletion of the flow[and injection of required antifreeze to the
system and] before the systens can be backfill ed.
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FORM 1
GROUND HEAT EXCHANGER ( GHX) | NSPECTI ON AND TEST REPORT
NOTE: Use separate formfor each GHX | oop system

Bui | di ng: I nspecti on Dat e:

G ound Heat Exchanger No. or Description

Does the ground heat exchanger have a Wl Construction Permt? Perm t
No. ?

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

List the WBHP Unit No.'s served by this GHX

Ground Heat Exchanger Design Water Flow - liters/sec gpm

Cal cul ated purging flow and press to achieve 0.61 m2 feet/sec
Purging: Flow liters/sec gpm Head kPa psi, Duration of test
mn.

kPa psi; Duration m n.

Hydrostatic test pressure

Did the system pass the pressure test?

Is antifreeze required in systen? If yes, was antifreeze neasured?_

Has a di nensi oned drawi ng been prepared, conpletely and accurately show ng
the layout of the ground heat exchanger?

Does the layout differ substantially fromthe contract docunents?
If so is the deviation approved?

Depth of installed vertical |oops is mfeet. (Designis ___ mfeet.)

Depth of horizontal piping is mfeet. (Designis __

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

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

Has the piping material been cut-out and properly renoved from
saddl e-fusion tees?

G out Manufacturer? ; Percent of solids used in

grout?__ Gout Type?_ Grout Thermal conductivity, k? (give
units)

Was the system backfilled properly with good clean backfill material?_
Attach the soil boring and water well |og sheet for the bore hole?__For

each well submit a Well Construction Log Record
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Comments:

I nspected and approved this

Title:
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3.10.3 Pressure Test of G ound 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 systemshall be
isolated fromall 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).

3.10.3.1 Hydrostatic Test

The piping shall be hydrostatically pressurized to 150 percent of system
pressure [or [1000] [__ ] kPa [150] [ ]psi] and monitor piping. |If
there is any pressure loss or visible | eakage during the testing, the |eak
shall be identified and repaired in accordance with the piping conponents
manuf acturer's recomendati ons. Test shall be repeated until there is no
|l oss 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 [or 150 percent of the pipe pressure rating]. Do not
pneumatic test the pipe. Prior to testing, renove all air fromthe system
Provide test in accordance to | GSHPA st andar ds.

3.10. 4 Refrigerant Piping Pressure Test and Evacuation
Performthe following when field piping connections are provided.

a. Pressure Test: Test refrigerant piping using dry, oil-free nitrogen
and prove tight at 2068 kPa 300 psi on the high side and 1027 kPa 150
psi on the low side. Mintain pressure for 2 hours with no | eakage or
reduction in gage pressure.

b. Evacuation: Use a high vacuum punp and certified m cron gage to reduce
t he absol ute pressure on both sides of system sinultaneously to 300
m crons 300 microns. After reaching this point charge systemwth
proper refrigerant until pressure of 0 kPa O psi is obtained. Repeat
evacuati on-chargi ng procedure for two nore cycles, totaling to three
evacuation-charging cycles. On final evacuation, secure punp and
mai ntain 300 microns 300 microns for 2 hours before charging with
required final refrigerant.

3.10.5 Equi pnent Tests
3.10.5.1 Field Testing

Test each item of equipment in operation,[ for continuous period of not
nmore than 24 hours Junder every condition of operation in accordance with
each equi pnent manufacturer's recommendation. Verify that each item of
equi pnent operating paraneters are within limts recomended by the
manufacturer.
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NOTE: It needs to be understood that this is a
standard operation test, not a continuous operation
test. A long continuous test of nore than 24 hours,
could artificially and unnecessarily |oad the ground
mass around the ground heat exchanger
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3.10.5.2 Field Test Pl ans

Il
Il
Il
]

Furni sh water-source heat punp [and closed circuit cooler] field test plans
devel oped by each equi pment manufacturer detailing recomrended field test
procedures for each item of equipnent. Field test plans devel oped by the
installing Contractor, or the equi pnent sal es agency furnishing the

equi pnent will not be acceptable. The Contracting Oficer will review and
approve the field test plan for each item of equipnent |isted bel ow prior
to conmencenent of field testing of the equipnent.

a.

b

Equi pnent Itens to Test:

Wat er-source water-to-air heat punps - field acceptance test plan
Wat er - source water-to-water heat punps - field acceptance test plan
Closed Circuit Coolers - field acceptance test plan

Pl at e Heat Exchangers - field acceptance test plan

Coordi nated Testing: |Indicate in each field test plan when work
required by this section requires coordination with test work required
by ot her specification sections. Furnish test procedures for the

simul taneous or integrated testing of equipnent controls which
interlock and interface with controls factory prewired or externa
controls for the equi pnent provided under [Section 23 09 53.00 20 SPACE
TEMPERATURE CONTROL SYSTEMS] [23 09 00 | NSTRUMENTATI ON AND CONTROL FOR
HVAC]

Prerequisite Testing: Equiprment for which performance testing is
dependent upon the conpletion of the work covered by 23 05 93 TESTI NG
ADJUSTI NG, AND BALANCI NG FOR HVAC shall have that work conpleted 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 equi prent

manuf acturer's published installation, start-up, and field acceptance
test procedures. Include in each test plan a detailed step-by-step
procedure for testing automatic controls provided by the nanufacturer
Each test plan shall include the required test reporting forns to be
conpleted by the Contractor's testing representatives. Structure
procedures to test the controls through all nodes of control to confirm
that the controls are performng 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 |ist perfornmance vari abl es
that are required to be neasured or tested as part of the field test.
Include in the listed variables performance requirenments indicated on

t he equi pnent schedul es on the design drawi ngs. Furnish with each test
procedure a description of acceptable results that have been verified.
Identify the acceptable Iimts or tolerances w thin which each tested
perfornmance vari abl e shall acceptably operate.

Job Specific: Each test plan shall be job specific and shall address

the particular itemof equipnment and particular conditions which exi st
with this contract. Generic or general preprinted test procedures are
not acceptabl e.
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g.

Speci al i zed Conponents: Each test plan shall include procedures for
field testing and field adjusting specialized conponents, such as hot
gas bypass control valves, or pressure val ves.

3.10.5.3 Fi el d Test Reports

Il
Il
Il
]

a.

b

Equi prent ltens to Test:

Wat er-source water-to-air heat punps - field acceptance test report
WAt er - source water-to-water heat punps - field acceptance test report
Closed Circuit Coolers - field acceptance test report

Pl at e Heat Exchangers - field acceptance test report

Manuf acturer's Recomended Test: Conduct the manufacturer's
recomended field testing in conpliance with the approved test plan
speci fied above. Furnish a factory trained field representative
aut horized by and to represent the equi pmrent manufacturer at the
conpl ete execution of the field testing.

Qperational Test: Conduct a standard [continuous 24 hour] operationa
test for each item of equipnent. Equi prent shutdown before the test
period is conpleted shall result in the test period being started again
and run for the required duration. For the duration of the test

peri od, conpile an operational |og of each item of equiprment. Log
required entries every 2 hours. Use the test report fornms for |ogging
t he operational variables.
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NOTE: It needs to be understood that this is a
standard operation test, not a continuous operation
test. A long continuous test of nore than 24 hours,
could artificially and unnecessarily |oad the ground
mass around the ground heat exchanger

kkkkkkkkkkkkkkkkkkkkkkhhkhkhkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkhkhhkhkkkkkk

Notice of Tests: Conduct the manufacturer's recommended tests and the
operational tests; record the required data using the approved
reporting forns. Notify the Contracting Officer in witing at |east 15
cal endar days prior to the testing. Wthin 30 cal endar days after
acceptabl e conpletion of testing, submit each test report for review
and approval .

Report Forms: Type data entries and witing on the test report forns.
Conpl eted test report forns for each item of equi pment shall be

revi ewed, approved, and signed by the Contractor's test director and
the QC Manager. The manufacturer's field test representative shal
review, approve, and sign the report of the nmanufacturer's recomended
test. Signatures shall be acconpanied by the person's nane typed.

Deficiency Resolution: The test requirenents acceptably net;
deficiencies identified during the tests shall be corrected in
conpliance with the nmanufacturer's recommendati ons and corrections
retested to verify conpliance.
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3.10.6 Additional Field Testing

[ Requirenents for testing, adjusting, and bal ancing (TAB) of ducts, piping,
and equi pnent are specified in Section 23 05 93 TESTI NG ADJUSTI NG AND
BALANCI NG FOR HVAC.][ Testing, adjusting, and bal anci ng shall begin only
when the entire HVAC system including controls, has been conpleted with
the exception of performance tests. Were required the heat punp systens
shall be charged with premi xed antifreeze solution (type and concentration
as indicated prior to testing, adjusting, and bal ancing. ]

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: For Navy projects, use this paragraph for

each building which has less than 28.1 kW 96, 000 Bt uh
of cooling, less than 372 square neters 4000 square

feet of floor space, or less than 15 supply air
outlets. Include bracketed option for Navy projects.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

[ Balance air flows to that indicated in accordance with SMACNA 1966, as
suppl enented and nodified by this section. Testing, adjusting, and
bal anci ng shall begin only when the entire HVAC system including controls,
has been conpleted with the exception of perfornmance tests. Were required
the heat punp systens shall be charged with premi xed antifreeze sol ution
(type and concentration as indicated prior to testing, adjusting, and
bal ancing). Subnmit witten certificate to report the foll ow ng:

a. Water source heat punmp unit nanepl ate data, and actual voltage and
anpere consunption

b. Supply and return termnal airflow, and equi pnent used to neasure
airflow.

c. Water source heat punp liters/sec cfmand entering and | eaving air
temperatures.

d. Water source heat punmp unit condenser water liters/sec gpm and entering
and | eavi ng tenperat ures.

e. Anbient outside air tenperature, date, and person testing, bal ancing,
and reporting.

][ Desi gn and] 3.10.7 Soi |l Thermal Conductivity Testing
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NOTES:

1. This subparagraph is for the designer to
establish the thermal and sub-surface conditions of
the thermal well field.

2. In addition, this paragraph can be utilized as a
requi renent for the contractor to establish the wel
field conditions after installation for verification
purposes

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Perform soil thermal conductivity testing of the well system project
|l ocation. The test will establish the thermal properties for design of the
well field and the subsurface conditions at the site. The test will be
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performed by perfornmed under the supervision of and certified by the ground
source heat punp (GSHP) specialist. The test will be performed at
[multiple] locations as [indicated] [deternined by the designer]. Each
test will contain a mininmmof 48 hours of recorded data. [The test shal
be used for verification of the design and installation.]

.10.7.1 Soil Thermal Conductivity Testing Set-up

Conduct and performtests in accordance with the procedures outlined in
ASHRAE |t em 90376

.10.7.2 Dat a Recordi ng and sensor accuracy

Record data by neans of automatic data | oggi ng equi pnent intended for such
pur poses and suitable for service of |ocal anbient outside conditions.

Prot ect conpensated thernocouple reference junctions, if used, either from
separate fromthe data | oggi ng equi pnent or integral to it, fromrapid
changes in environnental conditions. Record data at uniform[5 ninute]
time intervals during the 48 hour test period. Data recorded will include
a mninumtine, inlet and outlet tenperatures, heater power input,

circul ating punp power input, and anbi ent tenperatures.

Tenperature Measurenents: Measure inlet and outlet tenperatures with

i mersion tenperature sensors. The tenperatures sensors shall be
calibrated every six nonths and have a valid calibrated stanp. Include
the date and results fromthe nost recent calibration in the test
report. Any change-out of the tenperature sensor in the systemor data
logger will require re-calibration

Tenperature Sensor calibration and accuracy: The conbi ned rated sensor
and data | ogger accuracy will be [as indicated] plus or minus 0.5
degrees C 1 degree F or better. Verify tenperature sensor and data

| ogger accuracy and calibration at first use of the testing device
during the test. The testing equipnent shall have been cali brated

sem -annually by inmmersion in ice and water bath. A calibration
certificate stanp with date shall be on the test device. The result
fromthe verification test using ice water bath shall not differ fromoO
degrees C 32 degrees F by nore than the required data accuracy.

Addi tional readings will not differ fromone another by nore than plus
or minus 0.2 degrees C 0.5 degrees F when sinultaneously i mersed in
the ice bath.

Power Measurenents: Measure heater and circul ati ng punp power input.

[ Power neasurenents shall be independently deternined by using power
transducers with the manufacturer stated accuracy of plus or mnus two
percent or better at the |level of power consunption for the test.]

Fl ow Rate Measurenents: Measure the flowrate. [Flowrate shall be
measured using a variable flow neter calibrated by the flow neter
manuf acturer having a rated accuracy of plus or minus two percent of
full scale. Full scale or maximumrated flow for the flow nmeter shal
not exceed actual flow rate by nore than 70 percent.]

3.10.7.3 Test Borehol e 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 dianeter grouting method, and grout types as indicated. The
installation of the test bore hole shall be as indicated for the vertica
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well field. The bore hole depth shall not vary nore than 5 percent from
the indicated design depth. Mterials of the test borehol e and heat
exchanger shall be as indicated.

a. At least 2 m6 feet of excess pipe shall be |eft protrudi ng above grade
upon conpl etion of the test borehole construction. Tenporarily cap the
ends of the protruding pipes until the actual testing begins. Al
| ocal and state codes and regulations will be adhered to during the
construction of the test bore hole. Where any di screpancy exists
bet ween | ocal codes and regul ations and this specification, the nore
stringent requirenent applies. The U-tube assenbly shall be factory
assenbl ed and pressure tested to 100 psig prior to insertion into the
vertical bore. Al connections shall be by heat fusion

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

[3.10.8 ON-SI' TE TRAI NI NG

The [ System Desi gner] [ G ound Source Heat Punp Specialist] shall conduct a
training course for operating and mai nt enance personnel as designated by
the Contracting Officer. Training shall be provided for a period of [16]
[ ] hours of normal working tinme and shall start after the systemis
functionally conplete but prior to the performance tests. The on-site
training shall cover all of the itens contained in the approved Operation
and Mai nt enance Data packages.
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NOTE: For the designer to consider - consider 8
hours of training for residential and |ight
conmercial projects. Consider 16 hours for |arge
geot hernmal projects. Training should be attended by
the appropriate operation and nai nt enance station
personnel.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

] -- End of Section --
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