AMENDMENT OF SOLICITATION/MODIFICATION OF CONTRACT 1. CONTRACT ID CODE Eﬁg;s OlF )

2. AMENDMENT/MODIFICATION NO. 3. EFFECTIVE DATE 4. REQUISITION/PURCHASE REQ. NO.[5. PROJECT NO. (If applicable)
0002 08/29/01

6. ISSUED BY CODE 7. ADMINISTERED BY (If other than Item 6) CODE |

US ARMY ENGINEER DISTRICT, HONOLULU
CORPS OF ENGINEERS, BUILDING S-200
FORT SHAFTER, HAWAII 96858-5440
CONTRACT SPECIALIST: JODY MURAOKA

8. NAME AND ADDRESS OF CONTRACTOR (No., street, county, State and ZIP Code) 1) [9A. AMENDMENT OF SOLICITATION NO.

% |DACA83-01-B-0004

9B. DATED (SEE ITEM 11)
08/06/01

10A. MODIFICATION OF CONTRACT/ORDER
NO

10B. DATED (SEE ITEM 13)

CODE [FACILITY CODE
11. THIS ITEM ONLY APPLIES TO AMENDMENTS OF SOLICITATIONS
|X| The above numbered solicitation is amended as set forth in ltem 14. The hour and date specified for receipt of Offers I:' is extended, |Z| is not extended.

Offer must acknowledge receipt of this amendment prior to the hour and date specified in the solicitation or as amended, by one of the following methods:

(a) By completing Items 8 and 15, and returning - copies of the amendment; (b) By acknowledging receipt of this amendment on each copy of the offer
submitted; or (c) By separate letter or telegram which includes a reference to the solicitation and amendment numbers. FAILURE OF YOUR ACKNOWLEDGEMENT TO BE RECEIVED
AT THE PLACE DESIGNATED FOR THE RECEIPT OF OFFERS PRIOR TO THE HOUR AND DATE SPECIFIED MAY RESULT IN REJECTION OF YOUR OFFER. If by virtue of this
amendment you desire to change an offer already submitted, such change may be made by telegram or letter, provided each telegram or letter makes reference to the solicitation and
this amendment, and is received prior to the opening hour and date specified.

12. Accounting and Appropriation Data (If required)

13. THIS ITEM APPLIES ONLY TO MODIFICATIONS OF CONTRACTS/ORDERS,
IT MODIFIES THE CONTRACT/ORDER NO. AS DESCRIBED IN ITEM 14.

(X)| A. THIS CHANGE ORDER IS ISSUED PURSUANT TO: (Specify authority) THE CHANGES SET FORTH IN ITEM 14 ARE MADE IN THE CONTRACT ORDER NO. IN ITEM 10A.

B. THE ABOVE NUMBERED CONTRACT/ORDER IS MODIFIED TO REFLECT THE ADMINISTRATIVE CHANGES (such as changes in paying office,
appropriation date, etc). SET FORTH IN ITEM 14, PURSUANT TO THE AUTHORITY OF FAR 43.103(b).

C. THIS SUPPLEMENTAL AGREEMENT IS ENTERED INTO PURSUANT TO AUTHORITY OF:

D. OTHER (Specify type of modification and authority)

E. IMPORTANT: contractor I:' is not, I:' is required to sign this document and return __ copies to the issuing office.

14. DESCRIPTION OF AMENDMENT/MODIFICATION (Organized by UCF section headings, including solicitation/contract subject matter where
feasible.)

FYO01 BUP Barracks Repair, Builidng 503A, Fort Shafter, Oahu, HI

Exceﬁ)t as provided herein, all terms and conditions of the document referenced in Item 9A or 10A, as heretofore changed, remains unchanged and

in full force and effect.
15A. NAME AND TITLE OF SIGNER (Type or print) 16A. NAME AND TITLE OF SIGNER (Type or print)
15B. CONTRACTOR/OFFEROR 15C. DATE SIGNED |16B. UNITED STATES OF AMERICA 16C. DATE SIGNED
BY
(Signature of person authorized to sign) (Signature of Contracting Officer)
NSN 7540-01-152-9070 Created using PerForm Pro software. STANDARD FORM 30 (REV. 10-83)
PREVIOUS EDITION UNUSABLE Prescribed by GSA

FAR (48 CFR) 53.243



Am-0002 Standard Form 30
RFP No. DACA83-01-B-0004 Page 2 of 2 Pages
Item No. 14 (Continued)

1. CHANGESTO THE SOLICITATION. Attached hereto are new and revised pagesto the solicitation. The
revision mark “(Am-0002)" is shown on each new and revised page.

a. REVISED PAGES/PROVISIONS/CLAUSES/PARAGRAPHS. Following are revised pagesto the
solicitation. Changes areindicated in bold print. Although the entire sections are being re-issued under Am-0002,
only the following pages/provisions/clauses/paragraphs changed in these sections.

Section 01000

Section 15650, Paragraph 2.5.8
Section 15895, Paragraph 2.11.1.4

2. CHANGES TO DRAWINGS.

REVISED DRAWINGS (ISSUED). The following revised drawings replace the like-numbered drawings and are
issued herewith:

2 721-11-26 T-2 B 8/ 22/ 01
60 721-11-26 E-5 B 8/ 22/ 01
65 721-11-26 E-10 B 8/ 22/ 01
72 721-11-26 E-17 B 8/ 22/ 01
73 721-11-26 E-18 B 8/ 22/ 01

3. The bid opening date of September 10, 2001, 2:00 P.M., Hawaiian Standard Time, remains unchanged.



FYO1l BUP BARRACKS REPAI R BLDG 503A, FORT SHAFTER, OAHU, HAWAI I PN55818

SECTI ON TABLE OF CONTENTS
DI VI SION 15 - MECHANI CAL
SECTI ON 15650

CENTRAL REFRI GERATED Al R- CONDI TI ONI NG SYSTEM

PART 1 GENERAL

REFERENCES
SYSTEM DESCRI PTI ON
SUBM TTALS
QUALI FI CATI ONS
SAFETY REQUI REMENTS
DELI VERY, STORAGE, AND HANDLI NG
PRQIECT/ SI TE CONDI TI ONS
7.1 Verification of D nensions
7.2 Dr awi ngs
MANUFACTURER S MULTI - YEAR COVPRESSOR WARRANTY

PEREPRREPRE
RPN UTRWNR

>
4
N

PRODUCTS

STANDARD COMMVERCI AL PRODUCTS

NAVEPLATES

ELECTRI CAL WORK

SELF- CONTAI NED LI QUI D CHI LLER
.1 Scrol | or Reciprocating Type

CHI LLER COVPONENTS

Refrigerant and QO |
Structural Base
Chiller Refrigerant Circuit
Control s Package
Qperating Controls

Moni toring Capabilities

Pr ogr ammabl e Set poi nts
Safety Controls with Manual Reset
Safety Controls with Autonmatic Reset
Ener gy Managenent Control System (EMCS) |nterface
Conpr essor (s)
.1 Reci procati ng Conpressor(s)
.2 Scrol |l Conpressor(s)
.3 Rotary Screw Conpressor(S)

Li qui d Cool er (Evaporator)

Ai r - Cool ed Condenser Coi l

Ai r- Cool ed Condenser Coil and Condensi ng Section
Heat Recovery Desuperheater Coil

Recei vers

.11 Tool s

ACCESSORI ES

Punps

1 Construction
2 Mechani cal Shaft Seal s
Expansi on Tanks

NN NOTN DN -
N

CGOOTTINNNONNNNNN OO oo
BRARRD

CDNOUNNNG GGG N
o1 o1 01
OO WNE

NONNNNNN
'—\
o

onNv o
NO O R

1L
1L

SECTI ON 15650 Page 1
( Am 0002)



FYO1l BUP BARRACKS REPAI R BLDG 503A, FORT SHAFTER, OAHU, HAWAI I PN55818

2.6.3 Air Separator Tanks
2.6.4 Refrigerant Relief Valve/Rupture Disc Assenbly
2.6.5 Ref ri gerant Signs
2.6.5.1 Installation Identification
2.6.5.2 Controls and Piping ldentification
2.7 WATER TREATMENT SYSTEMsS
2.7.1 Wat er Anal ysi s
2.7.2 Chilled Water
2.7.3 Wat er Treatnent Services
2.7. 4 Chilled Water System
2.8 Pl PI NG COVPONENTS
2.8.1 Water Piping and Fittings
2.8.1.1 St eel Pipe
2.8.1.2 Steel Pipe Joints and Fittings
2.8.1.3 Copper Tube
2.8.1.4 Copper Tube Joints and Fittings
2.8.2 Wat er Pi ping Val ves and Accessories
2.8.2.1 Gate Val ves
2.8.2.2 d obe and Angl e Val ves
2.8.2.3 Check Val ves
2.8.2.4 Pl ug Val ves
2.8.2.5 Bal | Val ves
2.8.2.6 Cal i brat ed Bal anci ng Val ves
2.8.2.7 Automatic Flow Control Valves
2.8.2.8 Air Vents
2.8.2.9 Strainers
2.8.2.10 Conbi nation Strainer and Suction Diffuser
2.8.2.11 Punp Di scharge Val ves
2.8.2.12 Fl exi bl e Pi pe Connectors
2.8.2.13 Pressure Gauges
2.8.2.14 Thernoneters
2.8.2.15 Pi pe Ni ppl es
2.8.2.16 Pi pe Uni ons
2.8.2.17 Sol der
2.8.3 Fl exi bl e Mechani cal Joints
2.8.3.1 Fl exi ble Ball Joints
2.8.4 Refrigerant Piping and Fittings
2.8.4.1 Copper Tubi ng
2.8.4.2 Copper Tube Joints and Fittings
2.8.5 Ref ri gerant Piping, Valves, and Accessories
2.8.5.1 Ref ri gerant - St op Val ves
2.8.5.2 Check Val ves
2.8.5.3 Li quid Sol enoi d Val ves
2.8.5.4 Expansi on Val ves
2.8.5.5 Safety Relief Valves
2.8.5.6 Evaporator Pressure Regul ators, Direct-Acting
2.8.5.7 Ref ri gerant Access Val ves
2.8.5.8 Filter Driers
2.8.5.9 Si ght d ass and Liquid Level |ndicator
2.8.5.10 Vi brati on Danpeners
2.8.5.11 Fl exi bl e Pi pe Connectors
2.8.5.12 Strainers
2.8.5.13 Brazing Materials
2.8.6 Escut cheons
2.8.7 Pi pe Hangers, Inserts, and Supports
2.9 FABRI CATI ON
2.9.1 Factory Coati ng
2.9.2 Fiel d Painting

SECTI ON 15650 Page 2
( Am 0002)



FYO1l BUP BARRACKS REPAI R BLDG 503A, FORT SHAFTER,

PART 3 EXECUTI ON

3.

3.

1
3.

NSTALLATI ON
Refrigeration System
21 Equi pnent
.2 Ref ri gerant Chargi ng
.3 Q| Charging
.4 Automatic Controls
CGeneral Piping Installation
Brazed Joints
Thr eaded Joints
Wl ded Joints
Fl anged Joints
Fl ared Connecti ons
Ther mnonet er s
Supports

Y

OCO~NOUPR~WNE

Anchor s

.10 Pi pe Sl eeves

11 Escut cheons

.12 Access Panel s

Wat er Pi pi ng
Directional Changes
Functi onal Requirenents
Val ves
Air Vents
Dr ai ns
Fl exi bl e Pi pe Connectors
Fl anges and Uni ons
Grooved Mechanical Joints

efrigeration Piping
Directional Changes
Functi onal Requirenents
Val ves
Vi brati on Danpers
Strainers
Filter Dryer
Si ght d ass
Di scharge Line G| Separator
Accurmul at or

Field Applied Insulation
Factory Applied Insulation
.1 Ref ri gerant Suction Lines
Li quid Cool ers

NENESESESESESESESESENEN

CONOUAWNRLITONOUIAWNR

e e e

|
1
1
1
1
1
2
1
1
1
1
1
1
1
1
1
1
1
1
3
1
1.
1.
1
1
1
1
1
4
1
1
1
1
1
1
1
1
1
5
6
1.6
1.6.
TEST

2
S
Field Tests
1
2
3

w N

N W W W N

1. Wat er Pi pe Testing
1.
1. Ref ri gerant Pipe Testing
System Perfornmance Tests
NUFACTURER S FI ELD SERVI CE
CLEANI NG AND ADJUSTI NG
21 Pi pi ng
4.2 Equi pnent
DEMONSTRATI ONS

1
2.
2.
. 2.
2
VA

Gww AW
N

End of Section Table of Contents --

SECTI ON 15650 Page 3

( Am 0002)

OAHU, HAWAI |

Pi pe Hangers, Inserts, and Supports

Test of Backfl ow Preventi on Assenblies

PN55818



FYO1l BUP BARRACKS REPAI R BLDG 503A, FORT SHAFTER, OAHU, HAWAI I PN55818

SECTI ON 15650

CENTRAL REFRI GERATED Al R- CONDI TI ONI NG SYSTEM

PART 1 GENERAL

1

1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnation only.

Al'R CONDI TI ONI NG AND REFRI GERATI ON | NSTI TUTE (ARI)

ARl 495 (1999) Refrigerant Liquid Receivers

ARl 590 (1992) Positive Displacenment Conpressor
Wat er- Chi | | i ng Packages

ARl 700 (1995; Apx C) Specifications for
Fl uorocarbon and Ot her Refrigerants

ARl 710 (1995) Liquid-Line Driers

ARl 720 (1997) Refrigerant Access Val ves and Hose
Connectors

ARl 750 (1994) Thernpstatic Refrigerant Expansion
Val ves

ARl 760 (1994) Sol enoid Valves for Use with

Vol atil e Refrigerants
AMERI CAN BEARI NG MANUFACTURERS ASSOCI ATI ON ( AFBMA)

AFBMVA Std 9 (1990) Load Ratings and Fatigue Life for
Bal | Bearings

AFBMVA Std 11 (1990) Load Ratings and Fatigue Life for
Rol | er Beari ngs

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM A 47 (1990; R 1995) Ferritic Malleable Iron
Casti ngs

ASTM A 47M (1999) Ferritic Malleable Iron Castings
(Metric)

ASTM A 53 (1999b) Pipe, Steel, Black and Hot-Di pped,

Zi nc- Coat ed, Wl ded and Seamnl ess
ASTM A 106 (1999e1) Seam ess Carbon Steel Pipe for
Hi gh- Tenperature Service

SECTI ON 15650 Page 4
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ASTM A 181/ A181M (1995b) Carbon Steel Forgings for
Gener al - Pur pose Pi pi ng

ASTM A 183 (1983; R 1998) Carbon Steel Track Bolts
and Nuts

ASTM A 193/ A 193M (1999a) Alloy-Steel and Stainless Steel
Bolting Materials for Hi gh-Tenperature
Service

ASTM A 234/ A 234M (1999) Piping Fittings of Wought Carbon

Steel and Alloy Steel for Mderate and
Hi gh Tenperature Service

ASTM A 536 (1999el) Ductile Iron Castings

ASTM A 733 (1999) Wel ded and Seanl ess Carbon Steel
and Austenitic Stainless Steel Pipe N pples

ASTM B 32 (1996) Sol der Metal

ASTM B 62 (1993) Comnposition Bronze or Qunce Met al
Casti ngs

ASTM B 75 (1999) Seaml ess Copper Tube

ASTM B 88 (1999) Seanl ess Copper Water Tube

ASTM B 117 (1997) Operating Salt Spray (Fog) Apparatus

ASTM B 209 (1996) Al um num and Al um num Al | oy Sheet
and Pl ate

ASTM B 210 (1995) Al um num and Al um num Al | oy Dr awn
Seanl ess Tubes

ASTM B 280 (1998) Seaml ess Copper Tube for Air
Condi tioning and Refrigeration Field
Service

ASTM B 813 (1993) Liquid and Paste Fluxes for

Sol dering Applications of Copper and
Copper All oy Tube

ASTM D 520 (1984; R 1995el) Zinc Dust Pi grment

ASTM D 2000 (1999) Rubber Products in Autonotive
Appl i cations

ASTM D 3308 (1997) PTFE Resin Skived Tape

ASTM F 1199 (1988; R 1998) Cast (Al Tenperature and

Pressures) and Wl ded Pipe Line Strainers
(150 psig and 150 degrees F Maxi mun)

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

SECTI ON 15650 Page 5
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ASHRAE 15

ASHRAE 34

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

AWM

PN55818

(1994) Safety Code for Mechanica
Refrigeration

(1997) Number Designation and Safety
Classification of Refrigerants

ASME | NTERNATI ONAL ( ASME)

Bl1. 2

B16.

B16.

B16.

B16.

B16.

B16.

B16.

B16.

B31.

B31.

B40.

BPV

BPV

0.1

5

11

18

21

22

26

39

VI

Dv 1

(1983; R 1992) Pipe Threads, Genera
Pur pose (I nch)

(1996; B16.5a) Pipe Flanges and Fl anged
Fittings NPS 1/2 thru NPS 24

(1993) Factory-Vade Wought Stee
Buttwel di ng Fittings

(1996) Forged Fittings, Socket-Wlding and
Thr eaded

(1984; R 1994) Cast Copper Alloy Sol der
Joint Pressure Fittings

(1992) Nonnetallic Flat Gaskets for Pipe
Fl anges

(1995; B16.22a1998) W ought Copper and
Copper Alloy Solder Joint Pressure Fittings

(1988) Cast Copper Alloy Fittings for
Fl ared Copper Tubes

(1998) Malleable Iron Threaded Pi pe Unions
Cl asses 150, 250, and 300

(1998) Power Piping
(1992; B31.5al1994) Refrigeration Piping

(1991) Gauges - Pressure Indicating Dial
Type - Elastic El enment

(1998) Boiler and Pressure Vessel Code;
Section VIIl, Pressure Vessels Division 1
- Basic Coverage

(1998) Boiler and Pressure Vessel Code;
Section I X, Wl ding and Brazing
Qualifications

AVERI CAN WATER WORKS ASSOCI ATI ON ( AVWAA)

C606

(1997) G ooved and Shoul dered Joints

AMERI CAN VELDI NG SOCI ETY ( AW5)

AWS A5. 8

(1992) Filler Metals for Brazing and Braze
Vel di ng

SECTI ON 15650 Page 6
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AWS D1.1 (2000) Structural Wl ding Code - Stee
EXPANSI ON JO NT MANUFACTURERS ASSCOCI ATI ON ( EJMA)

EJVMA Stds (1998; 7th Edition) EJMA Standards
HYDRAULI C | NSTI TUTE (H)

H 1.1-1.5 (1994) Centrifugal Punps

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

MBS SP- 25 (1998) Standard Marki ng System for Val ves,
Fittings, Flanges and Uni ons

MBS SP-58 (1993) Pi pe Hangers and Supports -
Mat eri al s, Design and Manufacture

MBS SP- 69 (1996) Pi pe Hangers and Supports -
Sel ection and Application

MBS SP-70 (1998) Cast Iron Gate Val ves, Flanged and
Thr eaded Ends

MBS SP-71 (1997) Cast Iron Swi ng Check Val ves,
Fl anges and Threaded Ends

MBS SP-72 (1999) Ball Valves with Fl anged or
Butt-Wel ding Ends for General Service

MBS SP-78 (1998) Cast Iron Plug Val ves, Flanged and
Thr eaded Ends

MBS SP- 80 (1997) Bronze Gate, d obe, Angle and Check
Val ves

MBS SP- 85 (1994) Cast Iron G obe & Angle Val ves,
Fl anged and Threaded Ends

MBS SP-110 (1996) Ball Valves Threaded,
Socket - Wl di ng, Sol der Joint, G ooved and
Fl ared Ends

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 (1997) Enclosures for Electrical Equiprent
(1000 Vol ts Maxi mun

NEVA MG 1 (1998) Mdtors and Generators
NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 90A (1999) Installation of Air-Conditioning
and Ventilating Systens

1.2 SYSTEM DESCRI PTI ON

Thi s specification section covers the provisions and installation

SECTI ON 15650 Page 7
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procedures necessary for a complete and totally functional centra
refrigerated air-conditioning systemas defined herein

1.3 SUBM TTALS

CGovernment approval is required for submttals with a "G' designation
submittals not having a "G' designation are for information only. Wen
used, a designation following the "G' designation identifies the office
that will review the submittal for the Governnent. The follow ng shall be
submitted in accordance with Section 01330 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs

Dr awi ngs
Install ation

Drawi ngs, at least 5 weeks prior to beginning construction
shal | provide adequate detail to denbnstrate conpliance with
contract requirenents. Draw ngs shall consist of:

a. Equipnent |ayouts which identify assenbly and installation
details.

b. Piping |layouts which identify all valves and fittings.

c. Plans and el evations which identify clearances required for
mai nt enance and operation

d. Wring diagrans which identify each conmponent individually
and all interconnected or interlocked rel ationships between
conponents.

e. Foundation draw ngs, bolt-setting information, and
foundation bolts prior to concrete foundation construction for al
equi prent i ndi cated or required to have concrete foundations.

f. Details, if piping and equi pnent are to be supported ot her
than as indicated, which include |oadings and type of franes,
brackets, stanchions, or other supports.

SD- 03 Product Data
Refrigeration System

Manuf acturer's catal og data, at least 5 weeks prior to begi nning
construction, shall be highlighted to show nodel No., size,
options, performance charts and curves, etc. in adequate detail to
denonstrate conpliance with contract requirenments. Data shal
i ncl ude manufacturer's recomrended installation instructions and
procedures. Data shall be adequate to denpbnstrate conpliance with
contract requirements as specified within the paragraphs:

Refrigeration System
Syst em Conponent s
Accessori es

Pi pi ng Components

OO0 TOD

If vibration isolation is specified for a unit, vibration
isolator literature shall be included containing catal og cuts and

SECTI ON 15650 Page 8
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certification that the isolation characteristics of the isolators
provi ded neet the nmanufacturer's recomrendati ons.

Wat er Treatnent Systens

Si x conplete copies, at least 5 weeks prior to the purchase of
the water treatnent system of the proposed water treatment plan
i ncluding a layout, control schene, a list of existing nmake-up
water conditions including the itens |isted in Paragraph Water
Analysis, a list of chemicals, the proportion of chem cals to be
added, the final treated water conditions, and a description of
environnental concerns for handling the chem cals.

Spare Parts

Spare parts data for each different itemof material and
equi prent specified, after approval of the detail draw ngs and not
later than 1 nonth prior to the date of beneficial occupancy. The
data shall include a conplete list of parts and supplies, with
source of supply.

Qualifications

Si x copies of qualified procedures, and list of nanes and
identification symbols of qualified welders and wel di ng operators,
prior to non-factory wel di ng operations.

Printed | nstructions

Posted instructions, at |east 2 weeks prior to construction
conpl etion, shall include equi pnment |ayout, wiring and contro
di agrams, piping, valves and control sequences, and typed
condensed operation instructions. The condensed operation
i nstructions shall include preventative mai ntenance procedures,
nmet hods of checking the system for normal and safe operation, and
procedures for safely starting and stopping the system The
posted instructions shall be franed under glass or |ani nated
pl astic and be posted where indicated by the Contracting Oficer

Verification of D nensions

Aletter, at |least 2 weeks prior to beginning construction
including the date the site was visited, conformati on of existing
conditions, and any di screpancies found.

Manuf acturer's Milti-Year Conpressor Warranty

Manufacturer's nulti-year warranty for conpressor(s) in
air-cooled liquid chillers as specifi ed.

Tests

Test schedul es, at |east 2 weeks prior to the start of related
testing, for each of the field tests, the system performance
tests, and the chilled water quality tests. The schedul es shal
identify the date, time, and | ocation for each test.

Denpnstrati ons

SECTI ON 15650 Page 9
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A schedul e, at least 2 weeks prior to the date of the proposed
training course, which identifies the date, time, and | ocation for
t he training.

SD-06 Test Reports
Field Tests

Si x copies of the report shall be provided in bound 8 1/2 x 11
i nch booklets. Reports shall docunent all phases of tests
performed during the Water Pipe Testing and the Refrigerant Pipe
Testing. The report shall include initial test summaries, al
repairs/adjustnments nmade, and the final test results.

System Performance Tests

Si x copies of the report shall be provided in bound 8 1/2 x 11
i nch booklets. The report shall docunment conpliance with the
speci fied performance criteria upon conpletion and testing of the
system The report shall indicate the nunber of days covered by
the tests and any conclusions as to the adequacy of the system
The report shall also include the follow ng i nformati on and shal
be taken at least three different tines at outside dry-bulb
tenperatures that are at | east 5 degrees F apart:

a. Date and outside weather conditions.
b. The I oad on the system based on the foll ow ng:

(1) The refrigerant used in the system
(2) Condensing tenperature and pressure.
(3) Suction tenperature and pressure.

(4) Running current, voltage and proper phase sequence for
each phase of all notors.

(5) The actual on-site setting of all operating and safety
controls.

(6) Chilled water pressure, flow and tenperature in and out
of the chiller.

Chilled Water Quality Tests

Test reports, each quarter for a period of one year after
project conpletion, in bound 8 1/2 x 11 inch booklets. The
reports shall identifying the chem cal conposition of the
condenser water. The reports shall also include a conparison of
the manufacturer's recommended operating conditions for the
condenser in relation to the condition of the condenser water.
Any required corrective action shall be documented within the
report.

SD-07 Certificates
Refrigeration System

VWere the system conmponents, or equi prment are specified to

SECTI ON 15650 Page 10
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conply with requirements of AGA, NFPA, AR, ASHRAE, ASME, or UL, 1
copy of proof of such conpliance shall be provided. The |abel or
listing of the specified agency shall be acceptable evidence. In
l[ieu of the label or listing, a witten certificate from an
approved, nationally recognized testing organization equi pped to
perform such services, stating that the items have been tested and
conformto the requirenents and testing nmethods of the specified
agency nay be submitted. Wen performance requirenents of this
project's drawi ngs and specifications vary from standard AR
rating conditions, conputer printouts, catal og, or other
application data certified by ARl or a nationally recognized

| aboratory as descri bed above shall be included. |f ARl does not
have a current certification programthat enconpasses such
application data, the manufacturer may self certify that his
application data conplies with project performance requirements in
accordance with the specified test standards.

SD-10 Operation and Mai ntenance Data
Qper ati on Manua
Si x conpl ete copies of an operation manual in bound 8 1/2 x 11

i nch booklets listing step-by-step procedures required for system
startup, operation, abnormal shutdown, energency shutdown, and

nor mal shutdown at | east 4 weeks prior to the first training
course. The booklets shall include the manufacturer's nanme, nodel
nunber, and parts list. The manuals shall include the

manuf acturer's name, nodel nunber, service manual, and a brief
description of all equiprment and their basic operating features.

Mai nt enance Manual s

Si x conpl ete copi es of mmintenance nmanual in bound 8 1/2 x 11
i nch booklets listing routine maintenance procedures, possible
breakdowns and repairs, and a trouble shooting guide. The manual s
shal I include piping and equi pnent |ayouts and sinplified wiring
and control diagrans of the systemas install ed.

Wat er Treat nment Systens

Si x conpl ete copies of operating and mai nt enance manual s for the
step-by-step water treatnent procedures. The nanual s shal
i nclude testing procedures used in determning water quality.

1.4 QUALI FI CATI ONS

Pi pi ng shall be welded in accordance with the qualified procedures using
performance qualified wel ders and wel di ng operators. Procedures and

wel ders shall be qualified in accordance with ASME BPV | X. Wl ding
procedures qualified by others, and wel ders and wel di ng operators qualified
by anot her enpl oyer may be accepted as permitted by ASME B31.1. The
Contracting O ficer shall be notified 24 hours in advance of tests and the
tests shall be performed at the work site if practical. The welder or
wel di ng operator shall apply his assigned synbol near each wel d he makes as
a permanent record.

1.5 SAFETY REQUI REMENTS

Exposed novi ng parts, parts that produce high operating temperature, parts
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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
t hat proper operation of equi pnent is not inpaired.

1.6 DELI VERY, STORAGE, AND HANDLI NG

Al'l equi pment delivered and placed in storage shall be stored with
protection fromthe weather, hunmidity and tenperature variations, dirt and
dust, or other contani nants.

1.7 PRQIECT/ SI TE CONDI TI ONS
1.7.1 Verification of D nensions

The Contractor shall becone fanmiliar with all details of the work, verify
all dimensions in the field, and shall advise the Contracting Oficer of
any di screpancy before perform ng any work.

1.7.2 Dr awi ngs

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

el ectrical, structural and finish conditions that would affect the work to
be performed and shall arrange such work accordingly, furnishing required
of fsets, fittings, and accessories to neet such conditions.

1.8 MANUFACTURER S MULTI - YEAR COVPRESSOR WARRANTY

The Contractor shall provide a 5 year parts only (excludes refrigerant)
manuf acturer's warranty on the air-cooled chiller conpressor(s). This
warranty shall be directly fromthe chiller manufacturer to the Government
and shall be in addition to the standard one-year warranty of construction.
The manufacturer's warranty shall provide for the repair or replacenent of
the chiller conpressor(s) that becone inoperative as a result of defects in
material or workmanship within 5 years after the date of final acceptance.
When the manufacturer determ nes that a conpressor requires replacenent,

t he manufacturer shall furnish new conpressor(s) at no additional cost to
the Government. Upon notification that a chiller conpressor has failed
under the terns of the warranty, the manufacturer shall respond in no nore
than 24 hours. Response shall mean having a nmanufacturer-qualified
technician onsite to evaluate the extent of the needed repairs. The
warranty period shall begin on the sane date as final acceptance and shal
continue for the full product warranty peri od.

PART 2 PRODUCTS
2.1 STANDARD COVMVERCI AL PRODUCTS

Mat eri al s and equi pment shall be standard products of a manufacturer

regul arly engaged in the manufacturing of such products, which are of a
simlar material, design and workmanship. The standard products shall have
been in satisfactory comrercial or industrial use for two years prior to
bi d opening. The two-year use shall include applications of equipnent and
materials under simlar circunstances and of sinilar size. The two years
experi ence shall be satisfactorily conpleted by a product which has been
sold or is offered for sale on the comercial market through
advertisenents, manufacturer's catal ogs, or brochures. Products having
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| ess than a two-year field service record shall be acceptable if a
certified record of satisfactory field operation, for not |ess than 6000
hours excl usive of the manufacturer's factory tests, can be shown. Al
products shall be supported by a service organi zation. The Contractor
shall subnit a certified Iist of qualified permanent service organizations
for support of the equi pnent which includes their addresses and
qualifications. These service organi zations shall be reasonably conveni ent
to the equi pment installation and shall be able to render satisfactory
service to the equi prent on a regul ar and energency basis during the
warranty period of the contract.

2.2 NAMEPLATES

Each naj or conponent of equi pment shall have the nmanufacturer's nane,
address, type or style, and catal og or serial number on a plate securely
attached to the itemof equipnment. As a nminimm nameplates shall be
provi ded for:

Li quid-Chilling Package(s)
Punp('s)

Punp Mot or (s)

Expansi on Tanks

Air Separator Tanks

Poaoop

2.3 ELECTRI CAL WORK

El ectrical equipment, nmotors, nmotor starters, and wiring shall be in
accordance with Section 16415 ELECTRI CAL WORK, | NTERIOR  El ectrical notor
driven equi pnent specified shall be provided conmplete with notors, notor
starters, and controls. Electrical characteristics and encl osure type
shall be as shown, and unless otherw se indicated, all nmotors of 1

hor sepower and above with open, dripproof, or totally enclosed fan cool ed
encl osures, shall be high efficiency type. Field wiring shall be in
accordance with manufacturer's instructions. Each notor shall conformto
NEMA M5 1 and be of sufficient size to drive the equipnment at the specified
capacity wi thout exceeding the naneplate rating of the notor. Mdtors shal
be continuous duty with the enclosure specified. Motor starters shall be
provi ded conplete with thernmal overload protection and other appurtenances
necessary for the notor control indicated. Mtors shall be furnished with
a magnetic across-the-line or reduced voltage type starter as required by
t he manufacturer. Mtor starter shall be provided in enclosures
constructed in accordance with UL and NEMA 3R encl osures. Manual or
automatic control and protective or signal devices required for the
operation specified and any control wiring required for controls and

devi ces specified, but not shown, shall be provided.

2.4 SELF- CONTAI NED LI QUI D CHI LLER

Unl ess necessary for delivery purposes, units shall be assenbl ed,

| eak-tested, charged (refrigerant and oil), and adjusted at the factory.
In lieu of delivery constraints, a chiller may be assenbl ed, |eak-tested,
charged (refrigerant and oil), and adjusted at the job site by a factory
representative. Unit components delivered separately shall be seal ed and
charged with a nitrogen holding charge. Unit assenbly shall be conpleted
in strict accordance wi th manufacturer's recommendations. Chiller shal
operate within capacity range and speed recomrended by the nanufacturer
Parts wei ghi ng 50 pounds or nore which nust be renoved for inspection

cl eaning, or repair, such as notors, gear boxes, cylinder heads, casing
tops, condenser, and cool er heads, shall have lifting eyes or |ugs.
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Chiller shall be provided with factory installed insulation on surfaces
subj ect to sweating including the liquid cooler, suction |ine piping,
econom zer, and cooling lines. Chiller shall include all customary
auxiliaries deened necessary by the manufacturer for safe, controlled,
automatic operation of the equipment. Chiller shall be provided with a
single point wiring connection for incomng power supply. Factory
installed insulation shall be provided on all suction piping fromthe
evaporator to the conpressor and on the liquid cooler shell. Were notors
are the gas-cooled type, factory installed insulation shall be provided on
the cold-gas inlet connection to the notor per manufacturer's standard
practice. Chiller's condenser and liquid cooler shall be provided with
standard water boxes with flanged connecti ons.

2.4.1 Scrol |l or Reciprocating Type

Chiller shall be constructed and rated in accordance with ARl 590. Chiller
shall be conformto ASHRAE 15. Chiller shall have a mnimumfull |oad EER
rating of 9.5 and a part load kWton rating of 1.12 in accordance with ARl
590. As a mininum chiller shall include the followi ng conponents as
defined in paragraph CH LLER COVPONENTS.

a. Refrigerant and oi

b. Structural base

c. Controls package

d. Scroll, reciprocating, or rotary screw conpressor
e. Conpressor driver, electric notor
f. Conpressor driver connection

g. Liquid cooler (evaporator)

f. Air-condenser coi

g. Heat recovery desuperheaters

h. Receiver

i. Tools

j-

Chiller refrigerant circuit
2.5 CHI LLER COVPONENTS
2.5.1 Refrigerant and QO

Refrigerants shall be one of the fluorocarbon gases. Refrigerants shal
have nunber designations and safety classifications in accordance wth
ASHRAE 34. Refrigerants shall neet the requirenents of ARl 700 as a

m nimum Refrigerants shall have an Ozone Depletion Potential (CODP) of
| ess than or equal to 0.05.

2.5.2 Structural Base

Chiller and individual chiller conponents shall be provided with a
factory-munted wel ded structural steel base or support legs. Chiller and
i ndi vidual chiller conponents shall be isolated fromthe building structure
by means of vibration isolators with published |oad ratings. Vibration

i sol ators shall have isolation characteristics as recomended by the

manuf acturer for the unit supplied and the service intended.

2.5.3 Chiller Refrigerant Circuit

Chiller refrigerant circuit shall be conpletely piped and factory | eak
tested. For multiconmpressor units, not less than 2 independent refrigerant
circuits shall be provided. Circuit shall include as a m nimum a
conbination filter and drier, conbination sight glass and noisture
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indicator, liquid-line solenoid valve for reciprocating or scroll units, an
el ectronic or thernostatic expansion valve with external equalizer
chargi ng ports, conpressor service valves, and superheat adjustment.

2.5.4 Control s Package
Chiller shall be provided with a conplete factory nounted and prew red
el ectric or mcroprocessor based control system Controls package shall be
unit-nounted which contains as a minimuma digital display or acceptable
gauges, an on-auto-off switch, nmotor starters, power wiring, contro
wiring, and disconnect switches. Controls package shall provide operating
controls, nonitoring capabilities, progranmable setpoints, safety controls,
and EMCS interfaces as defined bel ow

2.5.4.1 Operating Controls

Chiller shall be provided with the follow ng adjustable operating controls
as a mni mum

a. Leaving chilled water tenperature contro

b. Adjustable timer to prevent conpressor fromshort cycling

c. Automatic lead/lag controls (adjustable) for nultiprocessor units

d. Load limting

e. Fan sequencing for air-cool ed condenser

f. Systemcapacity control to adjust the unit capacity in accordance
with the system | oad and the progranmabl e setpoints. Controls

shal |l automatically re-cycle the chiller on power interruption

g. Startup and head pressure controls to all ow system operation at
al |l ambient tenperatures down to 50 degrees F

2.5.4.2 Moni toring Capabilities
Duri ng normal operations, the control system shall be capable of nonitoring

and di splaying the follow ng operating paraneters. Access and operation of
di spl ay shall not require opening or renmoving any panels or doors.

a. Entering and |eaving chilled water tenperatures

b. Self diagnostic

c. Operation status

d. Operating hours

e. Number of starts

f. Conpressor status (on or off)

g. Refrigerant discharge and suction pressures
2.5.4.3 Pr ogr ammabl e Set poi nt's

The control system shall be capabl e of being reprogramred directly at the
unit. No paraneters shall be capable of being changed wi thout first
entering a security access code. The progranmabl e setpoints shall include
the following as a m ni num

a. Leaving Chilled Water Tenperature
b. Tinme d ock/Cal ender Date
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2.5.4.4 Safety Controls with Manual Reset

Chiller shall be provided with the follow ng safety controls which
automatically shutdown the chiller and which require manual reset.

a. Lowchilled water tenperature protection
b. High condenser refrigerant discharge pressure protection
c. Low suction pressure protection
d. Chilled water flow detection
e. Mdtor current overload and phase | oss protection
f. High notor winding tenperature protection for hernetic notors
g. Lowoil flow protection
2.5.4.5 Safety Controls with Autonmatic Reset

Chiller shall be provided with the followi ng safety controls which
automatically shutdown the chiller and which provide automatic reset.

a. Over/under voltage protection
b. Phase reversal protection
c. Chilled water flow interl ock

2.5.4.6 Ener gy Managenent Control System (EMCS) |nterface

The control system shall be capable of communicating all data to a renpte
i ntegrated DDC processor through a single shielded cable. The data shal
include as a minimumall system operating conditions, capacity controls,
and safety shutdown conditions. The control system shall al so be capable
of receiving at a mninmumthe foll owi ng operating comrands.

a. Rempte Unit Start/Stop
b. Renpte Chilled Water Reset
c. Renmpte Condenser Water Reset
2.5.5 Conpr essor (s)
2.5.5.1 Reci procati ng Conpressor (s)
Al rotating parts shall be statically and dynam cally bal anced at the

factory to minimze vibration. Conpressors shall be capable of operating
at partial-load conditions without increased vibration over the nornal

vibration at full |oad operation and shall be capable of continuous
operation down to the | owest step of unloading as specified. Conpressors
of size 10 horsepower and above shall have an oil lubrication system of the

reversible, forced-feed type with oil strainer. Shaft seal in open-type
units shall be nechanical type. Piston speed for open-type conpressors
shal | not exceed the manufacturer's reconmendation or 1200 fpm whichever
is |l ess. Conpressors shall include:

a. Vertical, V, W or radial cylinder design

b. G lubrication

c. Integrally cast block of close-grained iron or cast al um num bl ock
wi t h hardened steel cylinder sleeves

d. Gl-level bull's eye
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e. Cast cylinder heads

f. Cast-alum numor forged-steel connecting rods

g. Cast iron or forged-steel crankshaft

h. Main bearings of the sleeve-insert type

i. Crankcase oil heaters controlled as reconmended by the manufacturer

j. Suction and discharge refrigerant service valves that are flange
connected, wench operated, with cap

k. A strainer on the suction side of the conpressor
. A hot-gas muffler to reduce vibration and noise from pul sati ons
2.5.5.2 Scrol | Conpressor(s)
Conpressors shall be of the conpliant, hernetically seal ed design
Conpressors shall be nmounted on vibration isolators to mininize vibration

and noise. Rotating parts shall be statically and dynamically bal anced at
the factory to minimze vibration. Lubrication systemshall be centrifuga

punp type equi pped with a neans for determning oil |evel and an oi
chargi ng valve. Crankcase oil heater shall be provided if standard or if
avai |l abl e as an option. |If provided, the crankcase oil heater shall be

controll ed as recomrended by the nmanufacturer
2.5.5.3 Rotary Screw Conpressor(S)

Conpressors shall operate stably for indefinite tinme periods at any stage
of capacity reduction wi thout hot-gas bypass. Provision shall be nmade to
i nsure proper lubrication of bearings and shaft seals on shutdown with or
wi t hout electric power supply. Rotary screw conpressors shall include:

a. An open or hernetic, positive displacenent, oil-injected design
directly driven by the conpressor driver. Conpressor shall allow
access to internal conpressor components for repairs, inspection
and repl acement of parts.

b. Rotors which are solid steel forging with sufficient rigidity for
proper operation.

c. A maxi mumrotor operating speed no greater than 3600 RPM

d. Casings of cast iron, precision machined for niniml clearance
about periphery of rotors.

e. A lubrication systemof the forced-feed type that provides oil at
the proper pressure to all parts requiring |ubrication

f. Shaft main bearings of the sleeve type with heavy duty bushings or
rolling element type in accordance with AFBVA Std 9 or AFBMA Std 11
Bearings shall be conservatively |oaded and rated for an L(10)
life of not |less than 200,000 hours.

g. A differential oil pressure or flow cutout to allow the conpressor
to operate only when the required oil pressure or flowis provided
to the bearings.
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h. A tenperature- or pressure-initiated, hydraulically actuated,
si ngl e-slide-val ve, capacity-control systemto provide m ninmm
automatic capacity nmodul ati on from 100 percent to 25 percent.

i. An oil separator and oil return systemto renove oil entrained in
the refrigerant gas and automatically return the oil to the
conpr essor.

j. Crankcase oil heaters controlled as reconended by the
manuf act urer.

2.5.6 Li quid Cool er (Evaporator)

Cool er shall be of the shell-and-coil or shell-and-tube type design.
Condenser's refrigerant side shall be designed and factory pressure tested
to conmply with ASHRAE 15. Condenser's water side shall be designed and
factory pressure tested for not |ess than 150 psi. Cooler shell shall be
constructed of seam ess or welded steel. Coil bundles shall be totally
renovabl e and arranged to drain conpletely. Tubes shall be seanl ess
copper, plain, integrally finned with smooth bore or integrally finned with
enhanced bore. Each tube shall be individually replaceable. Tubes shal

be installed into carbon mld steel tube sheets by rolling. Tube baffles
shal | be properly spaced to provide adequate tube support and cross fl ow.
Performance shall be based on a water velocity not |less than 3 fps nor nore
than 12 fps and a fouling factor of 0.0005.

2.5.7 Ai r - Cool ed Condenser Coi

Condenser coil shall be of the extended-surface fin-and-tube type and shal
be constructed of seam ess copper or alum numtubes with conpatible copper
or alumnumfins. On condensers with all alum numconstruction, tubes
shall conformto ASTM B 210; alloy 1100, and al um num alloy conform ng to
chemical requirements to ASTM B 209, alloy 7072 shall be used for the fins
and end sheets. Fins shall be soldered or nechanically bonded to the tubes
and installed in a nmetal casing. Coils shall be circuited and sized for a
m ni mum of 5 degrees F subcooling and full punpdown capacity. Coil shal

be factory | eak and pressure tested after assenbly in accordance with
ASHRAE 15.

2.5.8 Ai r- Cool ed Condenser Coil and Condensing Section

Speci al Coatings: Special coatings shall be applied to the coils and
condenser casing. Air-cooled condensers shall be disassenbled as required
to provide access to spray a special finish on the interior of the
air-cool ed condensers and reassenbl ed foll owi ng application of the coating.
Interior and exterior bare steel, alum num galvanized, and factory

pai nted surfaces of the condensing units shall also be provided with a
special finish. Surfaces to be coated shall be prepared in accordance with
the coating manufacturer's recommendations. Al materials shall be applied
in strict accordance with the coating manufacturer's reconmendati ons by an
experi enced applicator at the prem ses of a conpany specializing in such
wor k usi ng conventional spray equi pment as reconmended by the coating

manuf acturer. Coatings shall be applied under shop conditions utilizing a
clean, dry and roofed area. The coating shall operate in tenperatures of
50 degrees F to 150 degrees F without cracking, chipping, and peeling and
shal I not support combustion. Viscosity of the coating shall be adjusted
for tenperature and hunidity conditions. Upon conpletion of coating
application, the condenser assenbly shall be carefully reassenbled to avoid
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danmage to coating. The coating systemshall have |less than 5 percent
ef fect on the heat exchange efficiency.

a. Nonferrous Heat Exchanger Finned Coil Surfaces: Finned coi
surfaces shall be dipped with a pure phenolic thernosetting
resi nous coating. Coating shall be applied in multiple coats by
i Mmersion and cured in an oven, total dry filmthickness shall be
2-3 mls. The phenolic coating shall have a thernal conductivity
("k"-factor in BTU hr.SF. (degrees F/in) not less than 6. The
coating shall be resistant to fumes and sol utions of corrosive
agent including acids, salts and oxi des and shall not deteriorate
fromultravi ol et exposure.

b. Condenser Casing:

(1) MId Steel and Factory Painted Surfaces: MIld steel and
factory painted surfaces shall be coated with one coat of 3 mils
m ni mum t hi ckness synthetic resin polynmer, 36 percent plus or

m nus 6 percent solids content by volune, followed by two coats of
1-1/2 mls mninmumdry filmthickness per coat of vinyl copolyner
finish, 23 percent plus or mnus 4 percent solids content by

vol une.

(2) Galvanized Surfaces: Galvanized surfaces shall be coated
with one coat of 2 mls nmnimumdry filmthickness pol yam de epoxy
primer, 48 percent plus or minus 2 percent solids content by

vol urme, followed by two coats of 1-1/2 mils mnimumdry film

t hi ckness per coat vinyl copolymer, 23 percent plus or mnus 4
percent solids content by vol une.

(3) Alum num Surfaces Qther Than Finned Coil Surfaces: Surfaces

shall be coated with one coat of 2 mils mnimumdry filmthickness
pol yanmi de epoxy primer, 48 percent plus or mnus 2 percent solids

content by volune, followed by two coats of 1-1/2 mils mininumdry
filmthickness per coat vinyl polymer, 23 percent plus or mnus 4

percent solids content by vol une.

2.5.9 Heat Recovery Desuperheater Coi

A heat recovery desuperheater shall be of the coil-in-coil type design and
shall not be a part of the standard condenser. Condenser shall be provided
and installed by the chiller manufacturer. The desuperheater's refrigerant
side shall be designed and factory pressure tested to conply with

ASHRAE 15. The desuperheater water side shall be designed and factory

pressure tested for not |ess than 150 psi. The desuperheater shall have
performance characteristics as indicated on the drawi ngs. Coil bundles
shal |l be of the double wall, vented design. Tubes shall be seanl ess

copper, plain, integrally finned with snooth bore or integrally finned with
enhanced bore. Each tube shall be individually replaceable, except for the
coaxi al tubes. Tube baffles shall be properly spaced to provi de adequate

t ube support and cross flow. Performance shall be based on water
velocities not less than 3 fps nor nore than 12 fps and a fouling factor of
0. 00025.

2.5.10 Recei vers
Liquid receivers not already specified herein as an integra

factory-munted part of a package, shall be designed, fitted, and rated in
accordance with the recomendati ons of ARl 495, except as nodified herein.
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Recei ver shall bear a stanp certifying conpliance with ASVE BPV VIII Div 1
and shall neet the requirenents of ASHRAE 15. |nner surfaces shall be

t horoughl y cl eaned by sandbl asting or other approved neans. Each receiver
shal |l have a storage capacity not |less than 20 percent in excess of that
required for the fully-charged system Each receiver shall be equi pped
with inlet, outlet drop pipe, drain plug, purging valve, relief valves of
capacity and setting required by ASHRAE 15, and two bull's eye liquid-Ieve
sight glasses. Sight glasses shall be in the sane vertical plane, 90
degrees apart, perpendicular to the axis of the receiver, and not over 3

i nches horizontally fromthe drop pipe neasured along the axis of the
receiver. In lieu of bull's eye sight glass, external gauge glass with
netal glass guard and autonatic closing stop valves nay be provided.

2.5.11 Tool s

One conplete set of special tools as reconmended by the manufacturer for
field mai ntenance of the system shall be provided. Tools shall be nounted
on a tool board in the equi pnent roomor contained in a tool box as directed
by the Contracting O ficer

2.6  ACCESSORI ES
2.6.1 Punps

Punps shall be the electrically driven, non-overloading, centrifugal type
which conformto H 1.1-1.5. Punp capacity, efficiency, motor size, and

i mpel l er type shall be as indicated on the draw ngs. Punps shall be

sel ected at or near peak efficiency. Punp curve shall rise continuously
from maxi num capacity to shutoff. Punp notor shall be totally encl osed and
have sufficient horsepower for the service required. Each punp notor shal
be equi pped with an across-the-line nagnetic controller in a NEMA 250, Type
1 enclosure with "START-STOP" switch in the cover.

2.6.1.1 Constructi on

Shaft seal shall be nechani cal -seal or stuffing-box type. Inpeller shal

be statically and dynami cally bal anced. Each punp casing shall be designed
to withstand the di scharge head specified plus the static head on system
plus 50 percent of the total, but not |less than 125 psig. Punp casing and
beari ng housing shall be close grained cast iron. High points in the
casing shall be provided with nanual air vents; |ow points shall be
provided with drain plugs. |Inpeller, inpeller wearing rings, glands,
casing wear rings, and shaft sleeve shall be bronze. Shaft shall be carbon
or alloy steel, turned and ground. Bearings shall be ball-bearings,

roll er-bearings, or oil-lubricated bronze-sleeve type bearings, and be
efficiently sealed or isolated to prevent |loss of oil or entrance of dirt
or water. Punp and notor shall be nobunted on a common cast iron base
havi ng |i pped edges and tapped drai nage openi ngs or structural steel base
with |ipped edges or drain pan and tapped drai nage openings. Punp shall be
provided with shaft coupling guard. Punp notor shall have the required
capacity to prevent overloading with punp operating at any point on its
characteristic curve. Punp speed shall not exceed 1,750 rpm Punp shal

be accessible for servicing wi thout disturbing piping connections.

2.6.1.2 Mechani cal Shaft Seal s
Seal s shall be single, inside nounted, end-face-elastoner bellows type with

stainl ess steel spring, brass or stainless steel seal head, carbon rotating
face, and tungsten carbide or ceramc sealing face. d ands shall be bronze

SECTI ON 15650 Page 20
( Am 0002)



FYO1l BUP BARRACKS REPAI R BLDG 503A, FORT SHAFTER, OAHU, HAWAI I PN55818

and of the water-flush design to provide lubrication flush across the face
of the seal. Bypass line frompunp discharge to flush connection in gland
shall be provided, with filter or cyclone separator in line.

2.6.2 Expansi on Tanks

Expansi on tanks shall be wel ded steel, constructed, tested and stanped in
accordance with ASME BPV VIII Div 1 for a working pressure of 125 psig and
precharged to the m ni mum operating pressure. Expansion tanks shall have a
repl aceabl e di aphragm and be the captive air type. Tanks shall acconmodate
expanded water of the system generated within the normal operating
tenperature range, limting this pressure increase at all conponents in the
systemto the nmaxi num al | owabl e pressure at those conponents. Each tank
air chanber shall be fitted with an air charging valve. Tanks shall be
supported by steel legs or bases for vertical installation or steel saddles
for horizontal installations. The only air in the systemshall be the

per manent seal ed-in air cushion contained within the expansion tank

2.6.3 Air Separator Tanks

External air separation tank shall be steel, constructed, tested, and
stanped in accordance with ASME BPV VIII Div 1 for a working pressure of
125 psig.

2.6.4 Refrigerant Relief Valve/Rupture Disc Assenbly

The assenbly shall be a conbination pressure relief valve and rupture disc
designed for refrigerant usage. The assenbly shall be in accordance with
ASME BPV | X and ASHRAE 15. The assenbly shall be provided with a pressure
gauge assenbly which will provide local indication if a rupture disc is
broken. Rupture disc shall be the non-fragnmenting type.

2.6.5 Ref ri gerant Signs

Refri gerant signs shall be a nmedi umwei ght alum numtype with a baked

enanel finish. Signs shall be suitable for indoor or outdoor service.
Si gns shall have a white background with red letters not less than 0.5
i nches in height.

2.6.5.1 Installation ldentification

Each new refrigerating systemshall be provided with a refrigerant sign
whi ch indicates the following as a m ni mum

Contractor's nane.

Ref ri gerant nunmber and amount of refrigerant.
The lubricant identity and amount.

Field test pressure appli ed.

OO0 TOD

2.6.5.2 Controls and Piping ldentification

Refri gerant systems containing nore than 110 I b of refrigerant shall be
provided with refrigerant signs which designate the followi ng as a m ni mum

a. Valves or switches for controlling the refrigerant flow and the
refrigerant conpressor(s).

b. Pressure Iimting device(s).
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2.

7 WATER TREATMENT SYSTENMS

VWhen water treatnent is specified, the use of chemcal-treatnment products
cont ai ni ng hexaval ent chromum (Cr) is prohibited.

7.1 Wat er Anal ysi s

Condi tions of make-up water to be supplied to the condenser and chilled
wat er systens shall be tested and anal yzed by the Contractor

.7.2 Chill ed Wat er

Water to be used in the chilled water systens shall be treated to naintain
the conditions recomended by this specification as well as the
recomendati ons fromthe manufacturers of the evaporator coils. Chenicals
shall neet all required federal, state, and |local environmental regulations
for the treatment of evaporator coils and direct discharge to the sanitary
sewer .

.7.3 Wat er Treat ment Services

The services of a company regularly engaged in the treatnent of chilled

wat er system shall be used to determi ne the correct chem cals required, the
concentrations required, and the water treatnment equi pnent sizes and fl ow
rates required. The conpany shall naintain the chemcal treatnment and
provide all chemcals required for the chilled water system for a period of
1 year fromthe date of occupancy. The chemical treatnent and services
provi ded over the 1 year period shall meet the requirenments of this
specification as well as the recomrendati ons fromthe manufacturers of the
condenser and evaporator coils. Acid treatnent and proprietary chenicals
shal | not be used.

.7.4 Chilled Water System

A shot feeder shall be provided on the chilled water piping as indicated.
Si ze and capacity of feeder shall be based on | ocal requirenents and water
anal ysis. The feeder shall be furnished with an air vent, gauge gl ass,
funnel, valves, fittings, and piping.

. 8 Pl PI NG COVPONENTS
.8.1 Water Piping and Fittings

.8.1.1 St eel Pipe

Steel pipe shall conformto ASTM A 53, Schedul e 40, Type E or S, Grades A
or B. Type F pipe shall not be used.

.8.1.2 Steel Pipe Joints and Fittings

Joints and fittings shall be welded, flanged, threaded, or grooved as
indicated. |If not otherw se indicated, piping 1 inch and smaller shall be
t hreaded; piping larger than 1 inch and smaller than 3 inches shall be

ei ther threaded, grooved, or wel ded; and piping 3 inches and | arger shal

be grooved, welded, or flanged. Rigid grooved nechanical joints and
fittings nmay only be used in serviceabl e aboveground | ocati ons where the
tenmperature of the circul ating medi um does not exceed 230 degrees F

Fl exi bl e grooved joints shall be used only as a flexible connector with
grooved pipe system Unless otherw se specified, grooved piping conponents
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shall neet the corresponding criteria specified for the simlar welded,
flanged, or threaded conponent specified herein. The nmanufacturer of each
fitting shall be permanently identified on the body of the fitting in
accordance with MSS SP-25.

a. Welded Joints and Fittings: Welded fittings shall conformto ASTM
A 234/ A 234M and identified with the appropriate grade and
mar ki ng synbol. Butt-welding fittings shall conformto ASME B16. 9.

Socket -wel di ng and threaded fittings shall conformto ASME B16. 11

b. Flanged Joints and Fittings: Flanges shall conformto ASTM A
181/ A181M and ASME B16.5 C ass 150. Gaskets shall be nonasbestos
conpressed material in accordance with ASVE B16.21, 1/16 inch
t hi ckness, full face or self-centering flat ring type. This
gaskets shall contain arami d fibers bonded with styrene butadei ne
rubber (SBR) or nitrile butadeine rubber (NBR). Bolts, nuts, and
bolt patterns shall conformto ASME B16.5. Bolts shall be high or
internediate strength material conformng to ASTM A 193/ A 193M

c. Threaded Joints and Fittings: Threads shall conformto ASME
B1.20.1. Pipe nipples shall conformto ASTM A 733, type and
material to match adjacent piping. Unions shall conformto ASME
B16. 39, type as required to match adjacent piping.

d. Dielectric Unions and Flanges: Dielectric unions shall have the
tensile strength and di nensional requirenents specified. Unions
shal | have netal connections on both ends threaded to match
adj acent piping. Metal parts of dielectric unions shall be
separated with a nylon insulator to prevent current flow between
dissimlar metals. Unions shall be suitable for the required
operating pressures and tenperatures. Dielectric flanges shal
provi de the sane pressure ratings as standard flanges and provi de
conplete electrical isolation.

e. G ooved Mechanical Joints and Fittings: Joints and fittings shal
be designed for not |ess than 125 psig service and shall be the
product of the same manufacturer. Fitting and coupling houses
shal |l be nalleable iron confornming to ASTM A 47, ASTM A 47TM G ade
32510; ductile iron conformng to ASTM A 536, Grade 65-45-12; or
steel conform ng ASTM A 106, Grade B or ASTM A 53. Gaskets shal
be nmol ded synthetic rubber with central cavity, pressure
responsi ve configuration and shall conformto ASTM D 2000 Grade
No. 2CA615A15B44F17Z for circulating mediumup to 230 degrees F or
Grade No. M3BA610A15B44Z for circulating nmediumup to 200 degrees
F. Gooved joints shall conformto AWM C606. Coupling nuts and
bolts shall be steel and shall conformto ASTM A 183.

2.8.1.3 Copper Tube
Copper tubing for water service shall conformto ASTM B 88, Type K or L.
2.8.1.4 Copper Tube Joints and Fittings

W ought copper and bronze sol der-joint pressure fittings shall conformto
ASME B16. 22 and ASTM B 75. Cast copper alloy sol der-joint pressure
fittings shall conformto ASME B16.18. Cast copper alloy fittings for
flared copper tube shall conformto ASME B16.26 and ASTM B 62. Brass or
bronze adapters for brazed tubing may be used for connecting tubing to
flanges and to threaded ends of val ves and equi pnent. Extracted brazed tee
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joints produced with an acceptable tool and installed as recommended by the
manuf acturer may be used.

2.8.2 Wat er Pi ping Val ves and Accessories

Val ves shall be rated for Cass 125 and shall be suitable for operating
tenperature of 250 degrees F. Valves shall be suitable for the working
pressure of the pipe in which installed. Valves shall neet the material
fabrication and operating requirements of ASME B31.1. Chain operators
shal | be provided for valves |located 10 feet or higher above the floor
Valves in sizes larger than 1 inch and used on steel pipe systems, may be
provided with rigid grooved nechanical joint ends. Such grooved end val ves
shal |l be subject to the same requirenents as rigid grooved nmechanica
joints and fittings and, shall be provided by the sane manufacturer as the
grooved pipe joint and fitting system

2.8.2.1 Gat e Val ves

Gate valves 2-1/2 inches and snaller shall conformto MSS SP-80 and shal
be bronze with rising stemand threaded, soldered, or flanged ends. Gate
val ves 3 inches and larger shall conformto MSS SP-70, Type I, Il, O ass
125, Design OF and shall be cast iron with bronze trim outside screw and
yoke, and flanged or threaded ends.

2.8.2.2 d obe and Angl e Val ves

A obe and angle valves 2-1/2 inches and smaller shall conformto MSS SP-80
and shall be bronze with threaded, soldered, or flanged ends. @ obe and
angl e valves 3 inches and | arger shall conformto MSS SP-85 and shall be
cast iron with bronze trimand flanged or threaded ends.

2.8.2.3 Check Val ves

Check valves 2-1/2 inches and smaller shall conformto MSS SP-80 and shal
be bronze with threaded, soldered, or flanged ends. Check valves 3 inches
and | arger shall conformto MSS SP-71, Type I, II, 1ll, or 1V, Class 125 or
150 and shall be cast iron with bronze trimand flanged or threaded ends.

2.8.2.4 Pl ug Val ves

Plug val ves 2 inches and | arger shall conformto MSS SP-78, have flanged or
t hreaded ends, and have cast iron bodies with bronze trim Valves 2 inches
and smaller shall be bronze with NPT connections for black steel pipe and
brazed connections for copper tubing. Valves shall be |ubricated,
non- | ubricated, or tetrafluoroethylene resin-coated type. Valves shall be
resilient, double seated, trunnion mounted with tapered lift plug capable
of 2-way shutoff. Valves shall operate fromfully open to fully closed by
rotation of the handwheel to Iift and turn the plug. Valves shall a
weat her proof operators with mechanical position indicators. Valves 8 inches
or larger shall be provided with nanual gear operators with position
i ndi cators.

2.8.2.5 Bal | Val ves

Bal| valves 1/2 inch and larger shall conformto MSS SP-72 or MSS SP-110
and shall be ductile iron or bronze with threaded, soldered, or flanged
ends. Valves 8 inches or larger shall be provided with manual gear
operators with position indicators.
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2.8.2.6 Cal i brat ed Bal anci ng Val ves

Each val ve shall be calibrated so that flow can be determnmi ned when the
tenmperature and pressure differential across valve is known. Valves shal
have an integral pointer which registers the degree of valve opening. Each
val ve shall be constructed with internal seals to prevent |eakage and shal
be supplied with preforned insulation. Valves Cv rating shall be as

i ndi cated. Val ve bodies shall be provided with tapped openi ngs and pi pe
extensions with positive shutoff valves outside of pipe insulation. The
pi pe extensions shall be provided with quick connecting hose fittings for a
portable meter to neasure the pressure differential. One portable
differential neter, suitable for the operating pressure specified, shall be
provided. The neter shall be conplete with hoses, vent, integral netering
connections, and carrying case as recomended by the val ve manufacturer

In lieu of the balancing valve with integral netering connections, a bal

val ve or plug valve with a separately installed orifice plate or venturi
tube may be used for bal ancing.

2.8.2.7 Aut omatic Fl ow Control Val ves

Val ves shall automatically maintain a constant flow as indicated. Valves
shal I nodul ate by sensing the pressure differential across the valve body.
Val ves shall be selected for the flow required and provided with a

per manent naneplate or tag carrying a permanent record of the
factory-determined flow rate and flow control pressure |levels. Valves
shall control the floww thin 5 percent of the tag rating. Valve naterials
shall be the same as specified for the ball or plug valves. Valve Cv
rating shall be as indicated on drawi ngs. Valve operators shall be the
electric type as indicated. Valves shall be capable of positive shutoff
agai nst the system punp head, val ve bodi es shall be provided with tapped
openi ngs and pi pe extensions with shutoff val ves outside of pipe

i nsul ation. The pipe extensions shall be provided with qui ck connecting
hose fittings and differential neter, suitable for the operating pressure
specified. The neter shall be conplete with hoses, vent, integral netering
connections, and carrying case as reconmended by the val ve manufacturer

2.8.2.8 Air Vents

Manual air vents shall be brass or bronze valves or cocks suitable for 125
psig service, and furnished with threaded plugs or caps. Automatic air
vents shall be float type, cast iron, stainless steel, or forged stee
construction, suitable for 125 psig service.

2.8.2.9 Strai ners

Strainers shall be in accordance with ASTM F 1199, except as nodified
herein. Strainer shall be the cleanable, basket or "Y' type, the sane size
as the pipeline. The strainer bodies shall be fabricated of cast iron with
bottons drilled, and tapped. The bodies shall have arrows clearly cast on
the sides indicating the direction of flow. Each strainer shall be

equi pped with renovabl e cover and sedi nent screen. The screen shall be
made of mi ni mum 22 gauge corrosion-resistant steel, with small perforations
nunbering not |ess than 400 per square inch to provide a net free area

t hrough the basket of at least 3.30 tines that of the entering pipe. The
flow shall be into the screen and out through the perforations.

2.8.2.10 Conbi nation Strai ner and Suction Diffuser

A conbi nation strainer and suction di ffuser, consisting of an angle type
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body with renovabl e strai ner basket and strai ghtening vanes, a suction pipe
support, and a bl omdown outlet, shall be provided on punp suction. The
combi nation strainer and suction diffuser shall be in accordance with ASTM
F 1199, except as nodified herein.

2.8.2.11 Punp Di scharge Val ves

Punp di scharge val ves shall be installed where indicated and shall perform
the functions of a nonslam check val ve, a manual bal anci ng val ve, and a
shutoff. Valves shall be of cast iron or ductile iron construction with
bronze and/or stainless steel accessories. Valves shall have an integra
poi nter which registers the degree of valve opening. Flow through the

val ve shall be manual |y adjustable from bubble tight shutoff to full flow.
Val ves smaller than 2 inches shall have NPT connections. Valves 2 inches
and | arger shall have flanged or grooved end connections. The valve design
shall allow the back seat for the stemto be replaced in the field under
full line pressure. Valve Cv rating shall be as indicated.

2.8.2.12 Fl exi bl e Pi pe Connectors

Fl exi bl e pi pe connectors shall be designed for 125 psig or 150 psig service
as appropriate for the static head plus the system head, and 250 degrees F
for grooved end flexible connectors. The flexible section shall be
constructed of rubber, tetrafluoroethylene resin, or corrosion-resisting
steel, bronze, nonel, or galvanized steel. The flexible section shall be
suitable for intended service with end connections to nmatch adj acent

pi pi ng. Flanged assenblies shall be equipped with linmt bolts to restrict
maxi mumtravel to the manufacturer's standard limts. Unless otherw se

i ndicated, the length of the flexible connectors shall be as reconmended by
t he manufacturer for the service intended. Internal sleeves or liners,
conpatible with circulating nedium shall be provided when recomended by
the manufacturer. Covers to protect the bellows shall be provi ded where

i ndi cat ed.

2.8.2.13 Pressure Gauges

Gauges shall conformto ASME B40.1 and shall be provided with throttling
type needl e valve or a pul sati on danpener and shut-off valve. Gauge shal
be a m nimum of 3-1/2 inches in diameter with a range fromO0 psig to
approximately 1.5 tines the maxi mum system wor ki ng pressure.

2.8.2.14 Ther nonet er s

Thernoneters shall have brass, nalleable iron, or alum numalloy case and
frame, clear protective face, permanently stabilized glass tube with

i ndicating-fluid colum, white face, black nunmbers, and a 9 inch scale.
Thernoneters shall have rigid stems with straight, angular, or inclined
pattern.

2.8.2.15 Pi pe Ni ppl es

Pi pe ni pples shall be in accordance with ASTM A 733 and be of material to
mat ch adj acent pi pi ng.

2.8.2.16 Pi pe Uni ons

Pi pe uni ons shall be in accordance with ASME B16. 39 and be of nmaterial to
mat ch adj acent pi pi ng.
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2.8.2.17  Sol der
Sol der for water piping shall be in accordance with ASTM B 32, all oy grade
50B. Solder flux shall be liquid or paste form non-corrosive and conform
to ASTM B 813.

2.8.3 Fl exi bl e Mechani cal Joints

2.8.3.1 Fl exi ble Ball Joints

Fl exi bl e ball joints shall be constructed of alloys as appropriate for the
service intended. Were so indicated, the ball joint shall be designed for
packi ng injection under full line pressure to contain | eakage. The joint

ends shall be threaded to 2 inches only, grooved, flanged, or beveled for
wel di ng as indicated or required and shall be capable of absorbing a

m ni mum of 15 degree angul ar flex and 360 degree rotation. Ball and
sockets shall be suitable for the intended service. The exterior spherica
surface of carbon steel balls shall be plated with minimum5 mls of hard
chronme in accordance with EJMA Stds and ASME B31.1 where applicable. Were
required, flanges shall conformto ASME B16. 5.

2.8.4 Refrigerant Piping and Fittings

Refri gerant piping, valves, fittings, and accessories shall conformto the
requi renents of ASHRAE 15 and ASME B31.5, except as specified.

2.8.4.1 Copper Tubi ng

Copper tubing shall conformto ASTM B 280 anneal ed or hard drawn as
required. Copper tubing shall be soft anneal ed where bending is required
and hard drawn where no bending is required. Soft anneal ed copper tubing
shall not be used in sizes larger than 1-3/8 inches. Joints shall be
brazed except that joints on lines 7/8 inchand smaller may be fl ared.

2.8.4.2 Copper Tube Joints and Fittings

Copper tube joints and fittings shall be flare joint type with short-shank
flare, or solder-joint pressure type. Joints and fittings for brazed joint
shal | be wrought-copper or forged-brass sweat fittings. Cast sweat-type
joints and fittings shall not be allowed for brazed joints.

2.8.5 Refri gerant Piping, Valves, and Accessories

Val ves shall be pressure and tenperature rates for contai ned refrigerant
service and shall comply with ASME B31.5. Metals of constructions shall be
ferrous or copper based. Atmosphere exposed valve stens shall be stainless
steel or corrosion resistant netal plated carbon steel. Valve body
connections shall not be used, except in pilot pressure or gauge |ines
where mai ntenance disassenbly is required and wel ded fl anges cannot be
used. Valves shall be suitable for or fitted with extended copper ends for
brazing in-place wthout disassenbly. Ferrous body valves shall be fitted
with factory fabricated and brazed copper transitions. To minimze system
pressure drops, where practicable, globe valves shall be angle body type,
and straight |line valves shall be full port ball type. Control valve
inlets shall be fitted with integral or adapted strainer or filter where
recommended or required by the nanufacturer. Valves shall be cl eaned and
seal ed mpi sture-tight.

2.8.5.1 Ref ri gerant - St op Val ves
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Val ves, in sizes through 5/8 inch, shall be handwheel operated, straight or
angl e, packl ess di aphragm gl obe type with back-seating stem brazed ends,
except where SAE flare or retained seal cap connections are required. In
sizes over 5/8 inch, valves shall be globe or angle type, wench operated
with ground-finish stens, or ball valves, packed especially for refrigerant
servi ce, back seated, and provided with seal caps. Refrigerant isolation
and shut-off valves shall have retained or captive spindles and facilities
for tightening or replacenment of the gl and packi ng under line pressure as
applicable. Stop valves hall have back-seating plated steel stem bolted
bonnet in sizes 1-1/8 inches OD and |arger, integral or flanged transition
brazed socket. Valves in sizes through 2-1/2 inches shall be end-entry
body assenbly, full-port, floating ball type, with equalizing orifice
fitted chrone plated ball, seats and seals of tetrafluoroethylene, chrone
pl ated or stainless steel stem and seal cap. In sizes 4 inch IPS and
larger, and in smaller sizes where carbon steel piping is used, valve

bodi es shall be tongue and groove flanged and conplete with mating fl ange,
gaskets and bolting for socket or butt-welded connection. Purge, charge
and receiver valves shall be of manufacturer's standard configuration

2.8.5.2 Check Val ves

Check valves 2-1/2 inches and smaller shall conformto MSS SP-80 and shal
be bronze with threaded, soldered, or flanged ends. Check valves 3 inches
and | arger shall conformto MSS SP-71 and shall be cast iron with bronze
trimand flanged or threaded ends.

2.8.5.3 Li quid Sol enoi d Val ves

Val ves shall comply with ARl 760 and be suitable for continuous duty wth
applied vol tages 15 percent under and 5 percent over nomnal rated voltage
at maxi nrum and m ni mum encountered pressure and tenperature service
conditions. Valves shall be direct-acting or pilot-operating type,

packl ess, except that packed stem seal capped, manual lifting provisions
shal |l be furnished. Solenoid coils shall be noisture-proof, UL approved,
totally encapsul ated or encapsul ated and nmetal jacketed as required.

Val ves shal |l have safe working pressure of 400 psi and a maxi nrum operati ng
pressure differential of at |east 200 psi at 85 percent rated voltage.

Val ves shall have an operating pressure differential suitable for the
refrigerant used.

2.8.5.4 Expansi on Val ves
Expansi on val ves shall conformto requirenents of ARl 750. Valve shall be

of the diaphragm and spring type with internal or external equalizers, and
bul b and capillary tubing. Valve shall be provided with an externa

super heat adjustnment along with a seal cap. Internal equalizers may be
utilized where flowi ng refrigerant pressure drop between outlet of the
valve and inlet to the evaporator coil is negligible and pressure drop

across the evaporator is less than the pressure difference corresponding to
2 degrees F of saturated suction tenperature at evaporator conditions.

Bul b charge shall be deternined by the manufacturer for the application and
such that liquid will remain in the bulb at all operating conditions. Gas
limted liquid charged val ves and other val ve devices for limting
evaporator pressure shall not be used without a distributor or discharge
tube or effective neans to prevent |oss of control when bulb becones warner
than val ve body. Pilot-operated valves shall have a characterized plug to
provi de required nmodul ating control. A de-energized sol enoid val ve may be
used in the pilot Iine to close the main valve in lieu of a solenoid valve
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inthe mainliquid line. An isolatable pressure gauge shall be provided in
the pilot line, at the main valve. Autonatic pressure reduci ng or constant
pressure regul ati ng expansi on valves may be used only where indicted or for
const ant evaporator | oads.

2.8.5.5 Safety Relief Valves

Val ve shall be two-way type. Single type valves shall be used only where

i ndi cated. Valve shall bear the ASME code synmbol. Valve capacity shall be
certified by the National Board of Boiler and Pressure Vessel I|Inspectors.
Val ve shall be of an automatically reseating design after activation.

2.8.5.6 Evaporator Pressure Regul ators, Direct-Acting

Val ve shall include a diaphragnispring assenbly, external pressure
adjustment with seal cap, and pressure gauge port. Valve shall maintain a
constant inlet pressure by balancing inlet pressure on diaphragm agai nst an
adj ustabl e spring | oad. Pressure drop at system design | oad shall not
exceed the pressure difference corresponding to a 2 degrees F change in
saturated refrigerant tenperature at evaporator operating suction
temperature. Spring shall be selected for indicated nmaxi mum all owabl e
suction pressure range.

2.8.5.7 Refri gerant Access Val ves

Refri gerant access val ves and hose connections shall be in accordance with
ARl 720.

2.8.5.8 Filter Driers

Driers shall conformto ARl 710. Sizes 5/8 inch and | arger shall be the
full flow, replaceable core type. Sizes 1/2 inch and smaller shall be the
seal ed type. Cores shall be of suitable desiccant that will not plug,
cake, dust, channel, or break down, and shall renove water, acid, and
foreign material fromthe refrigerant. Filter driers shall be constructed
so that none of the desiccant will pass into the refrigerant |ines.

M ni mum bursting pressure shall be 1,500 psi.

2.8.5.9 Si ght d ass and Liquid Level |ndicator

a. Assenbly and Components: Assenbly shall be pressure- and
tenperature-rated and constructed of materials suitable for the
service. dass shall be borosilicate type. Ferrous components
subj ect to condensation shall be el ectro-gal vani zed.

b. Gauge d ass: Gauge glass shall include top and bottomi sol ation
val ves fitted with automatic checks, and packing foll owers;
red-line or green-line gauge gl ass; el astonmer or pol ymer packing
to suit the service; and gauge gl ass guard.

c. Bull's-Eye and Inline Sight dass Reflex Lens: Bull's-eye and
inline sight glass reflex I ens shall be provided for dead-end
liquid service. For pipe |line nounting, two plain lenses in one
body suitabl e for backlighted view ng shall be provided.

d. Misture Indicator: |Indicator shall be a self-reversible action
noi sture reactive, color changing nedia. Indicator shall be
furnished with full-color-printing tag containing color, noisture
and tenmperature criteria. Unless otherw se indicated, the
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2.

2.

noi sture indicator shall be an integral part of each correspondi ng
si ght gl ass.

8.5.10 Vi brati on Danpeners

Danpeners shall be of the all-nmetallic bell ows and woven-wire type.

.8.5.11 Fl exi bl e Pi pe Connectors

Connector shall be pressure and tenperature rated for the service in
accordance with ASHRAE 15 and ASME B31.5. Connector shall be a conposite
of interior corrugated phosphor bronze or Type 300 Series stainless steel
as required for fluid service, with exterior reinforcenent of bronze,
stainless steel or nonel wire braid. Assenbly shall be constructed with a
safety factor of not less than 4 at 300 degrees F. Unless otherw se

i ndi cated, the length of a flexible connector shall be as reconmended by

t he manufacturer for the service intended.

.8.5.12 Strai ners

Strainers used in refrigerant service shall have brass or cast iron body,
Y-or angle-pattern, cleanable, not |ess than 60-nesh noncorrodi ng screen of
an area to provide net free area not less than ten times the pipe dianeter
with pressure rating conpatible with the refrigerant service. Screens
shal | be stainless steel or nonel and reinforced spring-|loaded where
necessary for bypass-proof construction

.8.5.13 Brazing Materials

Brazing materials for refrigerant piping shall be in accordance with AW
A5.8, Cassification BCuP-5.

.8.6 Escut cheons

Escut cheons shall be chromi umplated iron or chrom umpl ated brass, either
one piece or split pattern, held in place by internal spring tension or set
SCrews.

. 8.7 Pi pe Hangers, Inserts, and Supports

Pi pe hangers, inserts, and supports shall conformto MSS SP-58 and MSS SP-69.

.9 FABRI CATI ON

.9.1 Factory Coati ng

Unl ess ot herwi se specified, equipnment and conponent itens, when fabricated
fromferrous nmetal, shall be factory finished with the manufacturer's
standard finish, except that itens |ocated outside of buildings shall have
weat her resistant finishes that will w thstand 500 hours exposure to the
salt spray test specified in ASTM B 117 using a 5 percent sodium chloride
solution. Imrediately after conpletion of the test, the speci men shal
show no signs of blistering, winkling, cracking, or |oss of adhesion and
no sign of rust creepage beyond 1/8 inch on either side of the scratch
mark. Cut edges of gal vani zed surfaces where hot-di p gal vani zed sheet
steel is used shall be coated with a zinc-rich coating confornming to ASTM D
520, Type I.

9.2 Fiel d Painting
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Pai nting required for surfaces not otherw se specified, and finish painting
of items only prined at the factory are specified in Section 09900
PAI NTI NG CGENERAL.

PART 3 EXECUTI ON

3.1 | NSTALLATI ON
Al work shall be perforned in accordance with the manufacturer's published
di agrams, recomendations, and equi pnent warranty requirenments. \Were
equi pnment is specified to conformto the requirenents of ASME BPV VIII Div 1
and ASME BPV | X, the design, fabrication, and installation of the system
shall conformto ASME BPV VIII Div 1 and ASME BPV | X

3.1.1 Refrigeration System

3.1.1.1 Equi pnent

Necessary supports shall be provided for all equi pment, appurtenances, and
pi pe as required, including franes or supports for conpressors, punps,

condensers, liquid coolers, and simlar itens. Conpressors shall be

i solated fromthe building structure. |f mechanical vibration isolators
are not provided, vibration absorbing foundations shall be provided. Each
foundati on shall include isolation units consisting of machine and fl oor or

foundati on fastenings, together with internediate isolation materi al
O her floor-nounted equi pnent shall be set on not less than a 6 inch
concrete pad doweled in place. Concrete foundations for floor nounted
punps shall have a mass equivalent to three tines the weight of the
conponents, punp, base plate, and notor to be supported. In lieu of
concrete pad foundation, concrete pedestal block with isolators placed
bet ween the pedestal block and the floor nmay be provided. Concrete
pedestal block shall be of mass not |ess than three times the conbi ned

punp, notor, and base weights. |Isolators shall be selected and sized based
on | oad-bearing requirenents and the | owest frequency of vibration to be
isolated. Isolators shall limt vibration to 30 percent at | owest

equi pmrent rpm Lines connected to punps nounted on pedestal bl ocks shal
be provided with flexible connectors. Foundation draw ngs, bolt-setting
i nformati on, and foundation bolts shall be furnished prior to concrete
foundati on construction for all equipnent indicated or required to have
concrete foundations. Concrete for foundations shall be as specified in
Section 03307 CONCRETE FOR M NOR STRUCTURES. Equi pnent shall be properly
| evel ed, aligned, and secured in place in accordance with manufacturer's
i nstructions.

3.1.1.2 Ref ri gerant Chargi ng

a. Initial Charge: Upon conpletion of all the refrigerant pipe
tests, the vacuumon the system shall be broken by addi ng the
required charge of dry refrigerant for which the systemis
designed, in accordance with the manufacturer's recomrendati ons.
Contractor shall provide the conplete charge of refrigerant in
accordance with manufacturer's recomrendations. Upon satisfactory
conpl etion of the system performance tests, any refrigerant that
has been |l ost fromthe systemshall be replaced. After the system
is fully operational, service valve seal caps and bl anks over
gauge points shall be installed and tightened.

b. Refrigerant Leakage: |If a refrigerant leak is discovered after
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t he system has been charged, the |eaking portion of the system
shal |l inmmrediately be isolated fromthe remai nder of the system and
the refrigerant shall be punped into the systemreceiver or other
suitable container. The refrigerant shall not be discharged into
t he at nosphere.

c. Contractor's Responsibility: The Contractor shall, at all tinmes
during the installation and testing of the refrigeration system
take steps to prevent the release of refrigerants into the
at nosphere. The steps shall include, but not be linited to,
procedures which will mininze the release of refrigerants to the
at nosphere and the use of refrigerant recovery devices to renpve
refrigerant fromthe systemand store the refrigerant for reuse or
reclaim At no tine shall nore than 3 oz. of refrigerant be
rel eased to the atnosphere in any one occurrence. Any system
| eaks within the first year shall be repaired in accordance wth
the specified requirements including material, |abor, and
refrigerant if the leak is the result of defective equiprent,
material, or installation

3.1.1.3 G| Charging

Except for factory sealed units, two conplete charges of lubricating oi

for each conpressor crankcase shall be furnished. One charge shall be used
during the performance testing period, and upon the satisfactory conpletion
of the tests, the oil shall be drained and replaced with the second charge.

3.1.1. 4 Automatic Controls

Automatic controls for the central refrigeration systemspecified in
par agr aph REFRI GERATI ON SYSTEM shal |l be provided with the centra
refrigeration equi pnent. These controls shall operate automatically to
bal ance the equi pmrent capacity with the |l oad on the air conditioning
system and shall be fully coordinated with and integrated into the
tenmperature control system specified in Section 15895 AIR SUPPLY,

DI STRI BUTI ON, VENTI LATI ON, AND EXHAUST SYSTEM and 15950 HEATI NG

VENTI LATI NG AND Al R CONDI TI ONI NG ( HVAC) CONTROL SYSTEMS

3.1.2 CGeneral Piping Installation
3.1.2.1 Brazed Joints

Bef ore brazing copper joints, both the outside of the tube and the inside
of the fitting shall be cleaned with a wire fitting brush until the entire
joint surface is bright and clean. Brazing flux shall not be used.

Surplus brazing material shall be renpved at all joints. Steel tubing
joints shall be made in accordance with the nmanufacturer's recomrendati ons.
Joints in steel tubing shall be painted with the same naterial as the
baked-on coating within 8 hours after joints are made. Tubing shall be
protected agai nst oxidation during brazing by continuous purging of the

i nside of the piping using nitrogen. Al piping shall be supported prior
to brazing and shall not be sprung or forced.

3.1.2.2 Thr eaded Joints

Threaded joints shall be nmade with tapered threads and made tight with PTFE
tape complying with ASTM D 3308 or equival ent thread-joint conpound applied
to the male threads only. Not nore than three threads shall show after the
joint is made.
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3.1.2.3 Wel ded Joints

Wl di ng shall be in accordance with qualified procedures using qualified
wel ders and wel di ng operators. Procedures and wel ders shall be qualified
in accordance with ASME BPV I X. Welding procedures qualified by others,
and wel ders and wel di ng operators qualified by another enployer nay be
accepted as permtted by ASME B31.1. Contracting Oficer shall be notified
24 hours in advance of welding tests and the tests shall be perforned at
the work site if practical. A permanent mark shall be applied near each
weld to identify the wel der who nade that weld. Wlded joints in stee
refrigerant piping shall be fusion-wel ded. Changes in direction of piping
shall be nade with welded fittings only; mtering or notching pipe or other
simlar construction to formelbows or tees will not be permtted. Branch
connections shall be made with wel ding tees or forged wel di ng branch
outlets. Steel pipe shall be thoroughly cleaned of all scale and foreign
matter before the piping is assenbled. During welding the pipe and
fittings shall be filled with an inert gas, such as nitrogen, to prevent
the formati on of scale. Beveling, alignnent, heat treatnent, and

i nspection of weld shall conformto ASME B31.1. Wl d defects shall be
renoved and rewel ded at no additional cost to the Government. El ectrodes
shall be stored and dried in accordance with AWs D1.1 or as recomrended by
t he manufacturer. Electrodes that have been wetted or that have | ost any
of their coating shall not be used.

3.1.2.4 Fl anged Joints

Fl anged joints shall be faced true, provided with gaskets suitable for use
with refrigerants and made square and tight. Wen steel refrigerant piping
is used, union or flange joints shall be provided in each |line i mediately
precedi ng the connection to each piece of equi pnent requiring nmaintenance,
such as conpressors, coils, chillers, control valves, and other sinilar
itemns.

3.1.2.5 Fl ared Connecti ons

When flared connections are used, a suitable lubricant shall be used
bet ween the back of the flare and the nut in order to avoid tearing the
flare while tightening the nut.

3.1.2.6 Ther nonet er s

Thernoneters shall be located specifically on, but not limted to the
followi ng: the sensing elenent of each autonmmtic tenperature contro

device where a thernmonmeter is not an integral part thereof, the liquid line
| eaving receiver, and the suction |ine at each evaporator or liquid cooler

3.1.2.7 Supports

a. GCeneral: Al refrigerant pipe supports shall be in accordance
with ASME B31.5. Hangers used to support piping 2 inches and
| arger shall be fabricated to permt adequate adjustnent after
erection while still supporting the I oad. Pipe guides and anchors
shall be installed to keep pipes in accurate alignment, to direct
t he expansi on novenent, and to prevent buckling, swaying, and
undue strain. Piping subjected to vertical noverment, when
operating tenperatures exceed anbi ent tenperatures, shall be
supported by variable spring hangers and supports or by constant
support hangers.
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3.1.2.8

Seism ¢ Requirenents: All piping and attached val ves shall be
supported and braced to resist seisnic |oads as specified under
Section 15070 SElI SM C PROTECTI ON FOR MECHANI CAL EQUI PMENT.
Structural steel required for reinforcenment to properly support
pi pi ng, headers, and equi pnent but not shown shall be provided
under this section

Structural Attachnents: Structural steel brackets required to
support piping, headers, and equi pment, but not shown, shall be
provi ded under this section.

Pi pe Hangers, Inserts, and Supports

Pi pe hangers, inserts, and supports shall conformto MSS SP-58 and MSS SP-69,
except as nodified herein. Pipe hanger types 5, 12, and 26 shall not be

used.

a.

b

Hangers: Type 3 shall not be used on insul ated piping.

Inserts: Type 18 inserts shall be secured to concrete forns
before concrete is placed. Continuous inserts which allow nore
adjustrments nmay be used if they otherw se nmeet the requirenments
for Type 18 inserts.

C-Canps: Type 19 and 23 C-clanmps shall be torqued per MSS SP-69
and have both | ocknuts and retaining devices, furnished by the
manuf acturer. Field-fabricated C clanmp bodies or retaining

devi ces are not acceptabl e.

Angl e Attachnents: Type 20 attachnents used on angl es and
channel s shall be furnished with an added nal | eabl e-iron hee
pl ate or adapter.

Hangers: Type 24 may be used only on trapeze hanger systems or on
fabricated franes.

Saddl es and Shields: Where Type 39 saddle or Type 40 shield are
permitted for a particular pipe attachment application, the Type
39 saddl e, connected to the pipe, shall be used on all pipe 4

i nches and | arger when the tenperature of the mediumis 60 degrees
F or higher. Type 40 shields shall be used on all piping |Iess
than 4 inches and all piping 4 inches and |arger carrying nedi um

| ess than 60 degrees F. A high density insulation insert of
cellul ar glass shall be used under the Type 40 shield for piping 2
i nches and | arger.

Hori zontal Pipe Supports: Horizontal pipe supports shall be

spaced as specified in MSS SP-69 and a support shall be installed
not over 1 foot fromthe pipe fitting joint at each change in
direction of the piping. Pipe supports shall be spaced not over 5
feet apart at valves. Pipe hanger |oads suspended from stee

joist with hanger |oads between panel points in excess of 50 pounds
shal | have the excess hanger | oads suspended from panel points.

Vertical Pipe Supports: Vertical pipe shall be supported at each
floor, except at slab-on-grade, and at intervals of not nore than
15 feet, not nore than 8 feet fromend of risers, and at vent
term nations.
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i. Miltiple Pipe Runs: In the support of multiple pipe runs on a
conmon base nenmber, a clip or clanp shall be used where each pipe
crosses the base support nember. Spacing of the base support
menbers shall not exceed the hanger and support spacing required
for an individual pipe in the nultiple pipe run.

3.1.2.9 Anchors

Anchors shall be provided wherever necessary or indicated to |ocalize
expansi on or to prevent undue strain on piping. Anchors shall consist of
heavy steel collars with lugs and bolts for clanping and attachi ng anchor
braces, unless otherw se indicated. Anchor braces shall be installed in
the nost effective nmanner to secure the desired results using turnbuckles
where required. Supports, anchors, or stays shall not be attached where
they will injure the structure or adjacent construction during installation
or by the weight of expansion of the pipeline. Detailed draw ngs of pipe
anchors shall be subnitted for approval before installation

3.1.2.10 Pi pe Sl eeves

Sl eeves shall not be installed in structural menbers except where indicated
or approved. Rectangular and square openings shall be as detailed. Each
sl eeve shall extend through its respective wall, floor, or roof, and shal
be cut flush with each surface. Pipes passing through concrete or masonry
wal | or concrete floors or roofs shall be provided with pipe sleeves fitted
into place at the tinme of construction. Unless otherw se indicated,

sl eeves shall be of such size as to provide a mnimumof 1/4 inch

al | -around cl earance between bare pipe and sl eeves or between

j acket ed-insul ati on and sl eeves. Sleeves in bearing walls, waterproofing
nmenbrane floors, and wet areas shall be steel pipe or cast iron pipe.

Sl eeves in non-bearing walls, floors, or ceilings may be steel pipe, cast
iron pipe, galvanized sheet netal with | ock-type |ongitudinal seam and of
the netal thickness indicated, or nmoisture resistant fiber or plastic.
Except in pipe chases or interior walls, the annul ar space between pipe and
sl eeve or between jacket over-insulation and sl eeve shall be sealed as

i ndi cated and specified in Section 07900 JO NT SEALI NG  Pi pes passing

t hrough wal | wat er proofi ng nenbrane shall be sl eeved as specified above,
and a waterproofing clanping flange shall be install ed.

a. Roof and Floor Penetrations: Pipes passing through roof or floor
wat er pr oof i ng menbrane shall be installed through a 17 ounce
copper sleeve, or a 0.032 inch thick alum num sl eeve, each within
an integral skirt or flange. Flashing sleeve shall be suitably
formed, and skirt or flange shall extend not |ess than 8 inches
fromthe pipe and shall be set over the roof or floor menbrane in
a trowel ed coating of bitum nous cenent. The flashing sl eeve
shal |l extend up the pipe a m ninmum of 2 inches above hi ghest fl oor
| evel of the roof or a minimmof 10 inches above the roof,
whi chever is greater, or 10 inches above the floor. The annul ar
space between the flashing sleeve and the bare pipe or between the
flashing sl eeve and the netal -jacket-covered insulation shall be
seal ed as indicated. Pipes up to and including 10 inches in
di anmet er passing through roof or floor waterproofing menbrane nay
be installed through a cast iron sleeve with caul ki ng recess,
anchor lugs, flashing clanp device, and pressure ring with brass
bolts. Waterproofing nmenbrane shall be clanped into place and
seal ant shall be placed in the caulking recess. |In lieu of a
wat er proofi ng cl anpi ng fl ange and caul ki ng and seal i ng of annul ar
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space between pi pe and sl eeve or conduit and sl eeve, a nodul ar
nechani cal type sealing assenbly may be installed. Seals shal
consi st of interlocking synthetic rubber Iinks shaped to
continuously fill the annul ar 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 continuous rubber belt around the pipe with a pressure

pl ate under each bolt head and each nut. After the seal assenbly
is properly positioned in the sleeve, tightening of the bolt shal
cause the rubber sealing elenents to expand and provide a

wat erti ght seal between the pipe/conduit seal between the

pi pe/ conduit and the sleeve. Each seal assenbly shall be sized as
recommended by the manufacturer to fit the pipe/conduit and sl eeve
i nvol ved. The Contractor electing to use the nodul ar nechani ca
type seals shall provide sleeves of the proper dianeters.

b. Fire-Rated Walls and Partitions: Penetration of fire-rated walls
and partitions shall be sealed as specified in Section 07840
FI RESTOPPI NG,

3.1.2.11 Escut cheons

Fi ni shed surfaces where exposed piping, bare or insulated, pass through
floors, walls, or ceilings, except in boiler, utility, or equiprment roons,
shal | be provided with escutcheons. Where sleeves project slightly from
floors, special deep-type escutcheons shall be used. Escutcheon shall be
secured to pipe or pipe covering.

3.1.2.12 Access Panel s

Access panels shall be provided for all conceal ed val ves, vents, controls,
and itens requiring inspection or nmaintenance. Access panels shall be of
sufficient size and | ocated so that the concealed itens may be serviced and
mai nt ai ned or conpletely renoved and replaced. Access panels shall be as
specified in Section 05500 M SCELLANEQUS METALS.

3.1.3 Wat er Pi ping

Pipe and fitting installation shall conformto the requirements of ASME
B31.1. Pipe shall be cut accurately to measurenents established at the
jobsite, and worked into place w thout springing or forcing, completely
clearing all w ndows, doors, and other openings. Cutting or other
weakeni ng of the building structure to facilitate piping installation wll
not be permtted without witten approval. Pipe or tubing shall be cut
square, shall have burrs renoved by reaming, and shall permt free
expansi on and contraction w thout causing damage to the building structure,
pi pe, joints, or hangers.

3.1.3.1 Directional Changes
Changes in direction shall be made with fittings, except that bending of
pi pe 4 inches and smaller will be permitted, provided a pipe bender is used
and wi de weep bends are formed. The centerline radius of bends shall not
be |l ess than 6 dianeters of the pipe. Bent pipe show ng kinks, winkles,
flattening, or other malfornmations will not be accepted.

3.1.3.2 Functi onal Requirenents
Hori zontal supply mains shall pitch down in the direction of flow as
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i ndi cated. The grade shall not be less than 1 inch in 40 feet. Reducing
fittings shall be used for changes in pipe sizes. Open ends of pipelines
and equi pnent shall be capped or plugged during installation to keep dirt
or other foreign materials out of the system Pipe not otherw se specified
shal | be uncoated. Connections to appliances shall be made with mall eabl e
iron unions for steel pipe 2-1/2 inches or less in dianeter, and with
flanges for pipe 3 inches and above in dianeter. Connections between
ferrous and copper piping shall be electrically isolated fromeach ot her
with dielectric unions or flanges. Al piping located in air plenunms shal
conformto NFPA 90A requirerments. Pipe and fittings installed in

i naccessi bl e conduits or trenches under concrete floor slabs shall be

wel ded.

3.1.3.3 Val ves

I solation gate or ball valves shall be installed on each side of each piece
of equi pment, at the midpoint of all |ooped mains, and at any other points
i ndi cated or required for draining, isolating, or sectionalizing purpose.

I sol ation val ves may be onitted where bal ancing cocks are installed to
provi de both bal ancing and isolation functions. Each valve except check
val ves shall be identified. Valves in horizontal |ines shall be installed
with stens horizontal or above.

3.1.3. 4 Air Vents

Air vents shall be provided at all high points, on all water coils, and
where indicated to ensure adequate venting of the piping system

3.1.3.5 Dr ai ns

Drains shall be provided at all | ow points and where indicated to ensure
conpl ete drainage of the piping. Drains shall be accessible, and shal
consi st of nipples and caps or plugged tees unless otherw se indicated.

3.1.3.6 Fl exi bl e Pi pe Connectors

Prei nsul ated fl exi bl e pi pe connectors shall be attached to ot her conmponents
in strict accordance with the latest printed instructions of the

manuf acturer to ensure a vapor tight joint. Hangers, when required to
suspend the connectors, shall be of the type recommended by the flexible
pi pe connector manufacturer and shall be provided at the intervals
reconmended.

3.1.3.7 Fl anges and Uni ons

Except where copper tubing is used, union or flanged joints shall be
provided in each line inmediately preceding the connection to each piece of
equi pnrent or material requiring maintenance such as coils, punps, contro
val ves, and other simlar itens.

3.1.3.8 G ooved Mechani cal Joints

Grooves shall be prepared in accordance with the coupling manufacturer's
instructions. Pipe and groove di nensions shall comply with the tol erances
specified by the coupling manufacturer. The dianeter of grooves nmde in
the field shall be neasured using a "go/no-go" gauge, vernier or dia
caliper, or narrowland micrometer. Goove width and di mensi on of groove
fromend of pipe shall be measured and recorded for each change in grooving
tool setup to verify conpliance with coupling manufacturer's tol erances.
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3.

1.4 Refrigeration Piping

Unl ess ot herwi se specified, pipe and fittings installation shall conformto
requi renents of ASME B31.5. Pipe shall be cut accurately to measurenent
established at the jobsite and worked into place w thout springing or
forcing. Cutting or otherw se weakening of the building structure to
facilitate piping installation will not be permtted wi thout witten
approval . Pipes shall be cut square, shall have burrs renmpoved by ream ng
and shall be installed in a manner to pernit free expansion and contraction
wi t hout damage to joints or hangers. Filings, dust, or dirt shall be w ped
frominterior of pipe before connections are nade.

.1.4.1 Directional Changes

Changes in direction shall be made with fittings, except that bendi ng of
pi pe 4 inches and smaller will be permitted, provided a pipe bender is used
and wi de-sweep bends are forned. The centerline radius of bends shall not
be |l ess than 6 dianeters of the pipe. Bent pipe show ng kinks, winkles,
or other malfornations will not be accepted.

.1.4.2 Functi onal Requirenents

Al piping shall be installed 1/2 inch per 10 feet of pipe in the direction
of flow to ensure adequate oil drai nage. Open ends of refrigerant |ines or
equi prent shall be properly capped or plugged during installation to keep
nmoi sture, dirt, or other foreign material out of the system Piping shal
remai n capped until installation. Equipnment piping shall be in accordance
with the equi prent manufacturer's recomendati ons and the contract draw ngs.

3.1.4.3 Val ves

a. Stop valves shall be installed on each side of each piece of
equi prent such as conpressors condensers, evaporators, receivers,
and other simlar items in multiple-unit installation, to provide
partial systemisolation as required for nmaintenance or repair
Angl e and gl obe val ves shall be installed with stens horizonta
unl ess otherw se indicated. Ball valves shall be installed with
stens positioned to facilitate operation and nai ntenance. Al
val ves except check valves shall be identified with a brass or
alumi numtag not less than 1-3/8 inch in diameter, correctly
stanped to explain the valve function, and with a nunber for
identification. Tags shall be secured to the valve with No. 12
AWG copper wire.

b. Expansion valves shall be installed with the thernpstatic
expansi on valve bulb | ocated on top of the suction |ine when the
suction line is less than 2-1/8 inches in dianmeter and at the 4
o'clock or 8 o' clock position on |ines |arger than 2-1/8 inches.
The bul b shall be securely fastened with two clanps. The bulb

shall be insulated. The bulb shall installed in a horizonta
portion of the suction line, if possible, with the pigtail on the
bottom |If the bulb nmust be installed in a vertical |ine, the

bul b tubing shall be facing up

3.1.4.4 Vibration Danpers

Vi bration danper shall be provided in the suction and di scharge |ines on
spring mounted conpressors. Vibration dampers shall be installed paralle
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with the shaft of the conpressor and shall be anchored firmy at the
upstream end on the suction line and the downstreamend in the di scharge
l'ine.

3.1.4.5 Strai ners

Strainers shall be provided i medi ately ahead of all sol enoid val ves and
expansi on devices. Strainers may be an integral part of the expansion
val ve.

3.1.4.6 Filter Dryer

Aliquid line filter dryer shall be provided on each refrigerant circuit

| ocated such that all liquid refrigerant passes through a filter dryer.
The filter dryer shall be sized in accordance with the manufacturer's
recommendations for the systemin which it is installed. The filter dryer
shall be installed such that the filter dryer can be isolated fromthe
system the isolated portion of the systemevacuated, and the filter dryer
replaced. Filter dryers shall be installed in the horizontal position
except replaceable core filter dryers may be installed in the vertica
position with the access flange on the bottom

3.1.4.7 Si ght d ass

A moisture indicating sight glass shall be installed in all refrigerant
circuits down streamof all filter dryers.

3.1.4.8 Di scharge Line G| Separator

Di scharge line oil separator shall be provided in the discharge line from
each conpressor. QI return line shall be connected to the conpressor as
recommended by the conpressor manufacturer

3.1.4.9 Accumul at or

Accunul ators shall be provided in the suction line to each conpressor
3.1.5 Field Applied Insulation

Field applied insulation other than that specified for water boxes and

headers shall be as specified in Section 15080 THERVAL | NSULATI ON FOR
MECHANI CAL SYSTEMS.

3.1.6 Factory Applied Insulation
3.1.6.1 Ref ri gerant Suction Lines

Refrigerant suction |lines between the cool er and each conmpressor and col d
gas inlet connections to gas cooled notors shall be insulated with not |ess
than 3/4 inch thick unicellular plastic foam

3.1.6.2 Li quid Cool ers

Liquid coolers (including chilled water headers or boxes), which nay have
factory or field applied insulation, shall be insulated with unicellular
plastic foam |Insulation shall be not less than 3/4 inch thick or have a
maxi mum t hermal conductivity of 0.28 Btu/(hr.)(sqg. ft.)(degree F.))). In
lieu of the above insulation, a 2 inch thickness of urethane foam may be
used. Urethane foam shall be conpletely covered and sealed with a sheet
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netal jacket not lighter than 20 gauge. Insulation on heads of coolers
shal |l be constructed to provi de easy renoval and replacenent of heads
wi t hout damage to the insul ation.

3.2 TESTS
3.2.1 Field Tests

Tests shall be conducted in the presence of the Contracting Officer. Water
and electricity required for the tests will be furnished by the Government.
Any material, equipnent, instruments, and personnel required for the test
shal | be provided by the Contractor. The services of a qualified
technici an shall be provided as required to performall tests and
procedures indicated herein. Field tests shall be coordinated with Section
15990 TESTI NG ADJUSTI NG AND BALANCI NG OF HVAC SYSTEMS.

3.2.1.1 Wat er Pi pe Testing

After cleaning, water piping shall be hydrostatically tested at a pressure
equal to 150 percent of the total system operating pressure for period of
time sufficient to inspect every joint in the systemand in no case |ess
than 2 hours. Leaks shall be repaired and piping retested until test is
successful. No |loss of pressure shall be allowed. Leaks shall be repaired
by rewel ding or replacing pipe or fittings. Caulking of joints will not be
permtted. Concealed and insul ated piping shall be tested in place before
conceal i ng.

3.2.1.2 Test of Backfl ow Prevention Assenblies

Backfl ow prevention assenblies shall be tested in accordance with Section
15400 PLUMBI NG, GENERAL PURPCSE

3.2.1.3 Ref ri gerant Pipe Testing

a. Refrigerant Leakage Test: After all conponents of the refrigerant
system have been installed and the piping connected, the system
shal |l be subjected to a refrigerant | eakage test. The refrigerant
| eakage test shall be done with dry nitrogen before any
refrigerant pipe is insulated or covered. High and | ow side of
the refrigerant systemshall be tested for the mninumrefrigerant
| eakage test pressure specified in ASHRAE 15, for the refrigerant
enployed in the system Systemshall be proved tight and free of
| eaks by allowing the refrigerant | eakage test pressure to remain
on the systemfor 24 hours with no drop in pressure. The initia

test pressure and surrounding air tenperature will be recorded.
After the 24 hour hold period, the final system pressure and
surrounding air tenperature will be recorded. A correction of 0.3

psi shall be allowed for each degree F change in the initial and
final tenmperature of the surrounding air, plus for an increase and
m nus for a decrease. The system shall have passed the
refrigerant |eakage test if the corrected final systempressure is
equal to the initial systemtest pressure. |If the pressures are
not equal, the | eaks shall be |located and repaired.

b. Refrigerant Leaks: To repair |eaks, the joint shall be taken
apart, thoroughly cleaned, and renade as a new joint. Joints
repai red by caul king or renelting and adding nore brazing materia
will not be acceptable. After |eak repairs have been nmade, the
refrigerant |eakage test shall be conducted again.
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3.

3.

3.

c. Evacuation Test: After the foregoing tests have been
satisfactorily conpleted and the pressure relieved, entire system
shal | be evacuated to an absol ute pressure of 300 microns. During
evacuation of the system the ambient tenperature shall be higher
than 35 degrees F. Vacuum|line shall be closed, and the system
shall stand for 1 hour. After this period, the absolute pressure
shal | not exceed 500 microns. |If the pressure rises over 500
m crons, the systemshall continue to be evacuated until the
system reaches 300 m crons and can stand for 1 hour with the
vacuum line closed w thout the absolute pressure rising over 500
m crons. During evacuation, pressures shall be recorded by a
t her nocoupl e type, electronic type, or a calibrated-mcron type
gauge.

2.2 System Performance Tests

After the foregoing tests have been conpl eted and before each refrigeration
systemis accepted, tests to denonstrate the general operating
characteristics of all equi pnent shall be conducted by a registered

pr of essi onal engi neer or an approved manufacturer's startup representative
experienced in systemstartup and testing, at such times as directed.

Tests shall cover a period of not |less than 2 days for each system and
shal | denpnstrate that the entire systemis functioning in accordance with
t he drawi ngs and specifications. Corrections and adjustnents shall be made
as necessary and tests shall be re-conducted to denmonstrate that the entire
systemis functioning as specified.

.3 MANUFACTURER S FI ELD SERVI CE

The services of a factory-trained representative shall be provided for 2
days. The representative shall advise on the foll ow ng:

a. Hernetic machines:
(1) Testing hermetic water-chilling unit under pressure for
refrigerant |eaks; evacuation and dehydrati on of nmachine to an
absol ute pressure of not over 300 microns.
(2) Charging the nachine with refrigerant.
(3) Starting the nachine.
b. Open Machi nes:
(1) FErection, alignment, testing, and dehydrating.
(2) Charging the nachine with refrigerant.
(3) Starting the nachine.
4 CLEANI NG AND ADJUSTI NG
4.1 Pi pi ng
Pi pes shall be cl eaned free of scale and thoroughly flushed of all foreign
matter. A tenporary bypass shall be provided for all water coils to

prevent flushing water from passing through coils. Strainers and val ves
shal | be thoroughly cleaned. Prior to testing and bal ancing, air shall be
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renoved fromall water systens by operating the air vents. Tenporary
neasures, such as piping the overflow fromvents to a collecting vesse
shall be taken to avoid water danage during the venting process. Air vents
shal | be plugged or capped after the system has been vented.

3.4.2 Equi pnent

Equi pnrent shall be wi ped clean, with all traces of oil, dust, dirt, or
pai nt spots renoved. Tenporary filters shall be provided for all fans that
are operated during construction, and new filters shall be installed after
all construction dirt has been renpved fromthe building. Systemshall be
mai ntained in this clean condition until final acceptance. Bearings shal
be properly lubricated with oil or grease as recomrended by the
manufacturer. Belts shall be tightened to proper tension. Control valves
and ot her m scell aneous equi prent requiring adjustment shall be adjusted to
setting indicated or directed. Fans shall be adjusted to the speed

i ndi cated by the manufacturer to neet specified conditions.

3.5 DEMONSTRATI ONS

Contractor shall conduct a training course for the operating staff as
designated by the Contracting Officer. The training period shall consi st
of a total 16 hours of normal working time and start after the systemis
functionally conpleted but prior to final acceptance tests. The field
printed instructions shall cover all of the itens contained in the approved
operation and mai ntenance nmanual s as well as denonstrations of routine

mai nt enance operati ons.

-- End of Section --
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SECTI ON 15895

Al R SUPPLY, DI STRI BUTI ON, VENTI LATI ON, AND EXHAUST SYSTEM

PART 1 GENERAL

1.

1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnation only.

Al'R CONDI TI ONI NG AND REFRI GERATI ON | NSTI TUTE (ARI)

ARl 350 (1986) Sound Rating of Non-Ducted | ndoor
Ai r-Condi tioning Equi prent

ARl 410 (1991) Forced-Circul ation Air-Cooling and
Air-Heating Coils

ARl 430 (1989) Central-Station Air-Handling Units

ARl 440 (1998) Room Fan-Coil and Unit Ventil ator

ARl Cuideline D (1996) Application and Installation of

Central Station Air-Handling Units

Al R MOVEMENT AND CONTROL ASSCOCI ATI ON ( AMCA)

AMCA 210 (1985) Laboratory Methods of Testing Fans
for Rating
AMCA 300 (1996) Reverberant Room Met hod for Sound

Testing of Fans
AVERI CAN BEARI NG MANUFACTURERS ASSOCI ATI ON ( AFBMA)
AFBMA Std 9
(1990) Load Ratings and Fatigue Life for
Bal | Bearings
AFBMA Std 11
(1990) Load Ratings and Fatigue Life for
Rol | er Beari ngs
AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM A 47/ A 47M (1999) Ferritic Malleable Iron Castings

ASTM A 53/ A 53M (1999b) Pipe, Steel, Black and Hot-Di pped,
Zi nc- Coat ed, Wl ded and Seani ess

ASTM A 106 (1999e1) Seam ess Carbon Steel Pipe for
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ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM B

ASTM

ASTM

ASTM

ASTM

ASTM C

ASTM D

ASTM D

ASTM D

ASTM D
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123/ A 123M

167

181/ A 181M

183

193/ A 193M

234/ A 234M

536

733

924/ A 924M

62

75

88

117

813

1071

520

1654

2000

3359

Hi gh- Tenperature Service

(1997ael) Zinc (Hot-Di p Gal vani zed)
Coatings on Iron and Steel Products

(1999) Stainless and Heat - Resi sting
Chrom um Ni ckel Steel Plate, Sheet, and
Strip

(1995b) Carbon Steel, Forgings for
Gener al - Pur pose Pi pi ng

(1983; R 1998) Carbon Steel Track Bolts
and Nuts

(1999a) Alloy-Steel and Stainless Steel

Bolting Materials for Hi gh-Tenperature
Servi ce

(1999) Piping Fittings of Wought Carbon
Steel and Alloy Steel for Mderate and
Hi gh Tenperature Service

(1999el) Ductile Iron Castings

(1999) Wel ded and Seanl ess Car bon Steel
and Austenitic Stainless Steel Pipe Nipples

(1999) Ceneral Requirements for Steel
Sheet, Metallic-Coated by the Hot-Dip
Process

(1993) Comnposition Bronze or Qunce Met al
Casti ngs

(1999) Seanl ess Copper Tube

(1999) Seanl ess Copper Water Tube

(1997) Operating Salt Spray (Fog) Apparatus
(1993) Liquid and Paste Fluxes for

Sol dering Applications of Copper and

Copper All oy Tube

(1998) Thermal and Acoustical Insulation
(d ass Fiber, Duct Lining Material)

(1984; R 1995el) Zinc Dust Pi gnment
(1992) Eval uation of Painted or Coated
Speci mens Subj ected to Corrosive

Envi ronnent s

(1999) Rubber Products in Autonotive
Appl i cations

(1997) Measuring Adhesion by Tape Test
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ASTM E 437

ASTM F 1199

ASHRAE 52.1

ASHRAE 68

ASHRAE 70

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

Bl.20.1

B16.

B16.

B16.

B16.

B16.

B16.

B16.

B16.

B16.

B31.

B40.

BPV

3

5

11

18

21

22

26

39

(1992; R 1997) Industrial Wre Coth and
Screens (Square Qpening Series)

(1988; R 1998) Cast (Al Tenperature and
Pressures) and Wl ded Pipe Line Strainers
(150 psig and 150 degrees F Maxi mun)

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

(1992) Gavinmetric and Dust - Spot
Procedures for Testing Air-d eaning
Devi ces Used in General Ventilation for
Renovi ng Particul ate Matter

(1986) Laboratory Method of Testing
| n- Duct Sound Power Measurenent Procedures
for Fans

(1991) Method of Testing for Rating the
Performance of Air Qutlets and Inlets

ASME | NTERNATI ONAL ( ASME)

(1983; R 1992) Pipe Threads, Genera
Pur pose (I nch)

(1998) Malleable Iron Threaded Fittings

(1996; B16.5a) Pipe Flanges and Fl anged
Fittings NPS 1/2 thru NPS 24

(1993) Factory-Vade Wought Stee
Buttwel di ng Fittings

(1996) Forged Fittings, Socket-Wlding and
Thr eaded

(1984; R 1994) Cast Copper Alloy Sol der
Joint Pressure Fittings

(1992) Nonnetallic Flat Gaskets for Pipe
Fl anges

(1995; B16.22a1998) W ought Copper and
Copper Alloy Solder Joint Pressure Fittings

(1988) Cast Copper Alloy Fittings for
Fl ared Copper Tubes

(1998) Mall eable Iron Threaded Pi pe Unions
Cl asses 150, 250, and 300

(1998) Power Piping

(1991) Gauges - Pressure Indicating Dial
Type - Elastic El enment

(1998) Boiler and Pressure Vessel Code;
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Section I X, Wl ding and Brazing
Qualifications
AMERI CAN WATER WORKS ASSCCI ATl ON ( AWAA)
AWM C606 (1997) G ooved and Shoul dered Joints
AMERI CAN VELDI NG SOCI ETY ( AW5)
AWS D1.1 (2000) Structural Welding Code - Stee
COMMERCI AL | TEM DESCRI PTI ONS ( Cl D)
CID A-A-1419 (Rev D; Canc. Notice 1) Filter Elenent,
Air Conditioning (Viscous-Inpingenment and
Dry Types, Repl aceabl e)

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

MBS SP- 25 (1998) Standard Marking System for Val ves,
Fittings, Flanges and Uni ons

MSS SP-58 (1993) Pi pe Hangers and Supports -
Mat eri al s, Design and Manufacture

MBS SP- 69 (1996) Pi pe Hangers and Supports -
Sel ection and Application

MSS SP-70 (1998) Cast Iron Gate Val ves, Flanged and
Thr eaded Ends

MBS SP-71 (1997) Cast Iron Swi ng Check Val ves,
Fl anges and Threaded Ends

MBS SP-72 (1999) Ball Valves with Flanged or
Butt-Wel ding Ends for General Service

MBS SP- 80 (1997) Bronze Gate, d obe, Angle and Check
Val ves

MBS SP- 85 (1994) Cast Iron G obe & Angle Val ves,
Fl anged and Threaded Ends

MBS SP-110 (1996) Ball Valves Threaded,
Socket - Wl di ng, Sol der Joint, G ooved and
Fl ared Ends

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)
NEMVA MG 1 (1998) Mdtors and Generators
NATI ONAL FI RE PROTECTI ON ASSQOCI ATI ON ( NFPA)
NFPA 70 (1999) National Electrical Code

NFPA 90A (1999) Installation of Air-Conditioning
and Ventilating Systens
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SHEET METAL & Al R CONDI TI ONI NG CONTRACTORS' NATI ONAL ASSOCI ATI ON
( SMACNA)

SMACNA HVAC Duct Const Stds (1995; Addenda Nov 1997) HVAC Duct
Constructi on Standards - Metal and Fl exi bl e

SMACNA Install Fire Danp HVAC (1992) Fire, Snoke and Radi ati on Danper
Installati on Guide for HVAC Systemns

UNDERWRI TERS LABORATORI ES (UL)

UL 214 (1997) Tests for Fl ame-Propagation of
Fabrics and Fil ns

UL 555 (1999) Fire Danpers

UL 586 (1996; Rev thru Aug 1999) High-Efficiency,
Particulate, Air Filter Units

UL 900 (1994; Rev thru Nov 1999) Test Perfornmance
of Air Filter Units

UL 1995 (1995; Rev thru Aug 1999) Heating and
Cool i ng Equi prment

UL Bld Mat Dir (1999) Building Materials Directory

UL Elec Const Dir (1999) Electrical Construction Equi pnent
Directory

UL Fire Resist Dir (1999) Fire Resistance Directory (2 Vol.)

1.2 COORDI NATI ON OF TRADES

Ductwork, piping offsets, fittings, and accessories shall be furnished as
required to provide a conplete installation and to elimnate interference
with other construction.

1.3 DELI VERY AND STORAGE

Equi prent delivered and placed in storage shall be stored with protection
fromthe weather, hum dity and tenperature variations, dirt and dust, or
ot her contam nants.

1.4 SUBM TTALS

CGovernment approval is required for submittals with a "G' designation;
submittals not having a "G' designation are for information only. Wen
used, a designation following the "G' designation identifies the office
that will review the submittal for the Governnent. The follow ng shall be
submitted in accordance with Section 01330 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs

Dr awi ngs
Install ation

Drawi ngs shall consist of equipnent |ayout including assenbly

and installation details and electrical connection diagrarns;
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ductwork | ayout showi ng the location of all supports and hangers,
typi cal hanger details, gauge reinforcenent, reinforcenment spacing
rigidity classification, and static pressure and sea
classifications; and piping | ayout showi ng the | ocation of al

gui des and anchors, the |l oad inposed on each support or anchor

and typical support details. Draw ngs shall include any
infornation required to denonstrate that the system has been
coordi nated and will properly function as a unit and shall show

equi prent relationship to other parts of the work, including
cl earances required for operation and nai nt enance.

SD- 03 Product Data

Conponents and Equi pnent

Manuf acturer's catal og data shall be included with the detai
drawi ngs for the following itens. The data shall be highlighted
to show nodel, size, options, etc., that are intended for
consideration. Data shall be adequate to denobnstrate conpliance
with contract requirenents for the follow ng:

a. Piping Components

b. Ductwork Conponents

c. Air Systens Equi prment

d. Air Handling Units

e. Energy Recovery Devices

f. Termnpal Units
Test Procedures

Proposed test procedures for piping hydrostatic test, ductwork
| eak test, and perfornmance tests of systens, at |east 2 weeks
prior to the start of related testing.

Wl di ng Procedures

A copy of qualified welding procedures, at |east 2 weeks prior
to the start of welding operations.

System Di agr ans

Proposed di agrans, at |least 2 weeks prior to start of related
testing. Systemdiagrans that show the | ayout of equipnrent,
pi pi ng, and ductwork, and typed condensed operation nanual s
expl ai ni ng preventative mai nt enance procedures, nethods of
checki ng the system for normal, safe operation, and procedures for
safely starting and stopping the system shall be framed under
glass or laminated plastic. After approval, these itens shall be
post ed where directed.

Simlar Services

St at ement denonstrating successful conpletion of simlar
services on at least 5 projects of simlar size and scope, at
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| east 2 weeks prior to subnmittal of other itens required by this
section.

Wl di ng Joints

A list of nanes and identification synbols of qualified welders
and wel di ng operators, at |east 2 weeks prior to the start of
wel di ng operati ons.

Testing, Adjusting and Bal anci ng

Proposed test schedul es for hydrostatic test of piping, ductwork
| eak test, and performance tests, at |east 2 weeks prior to the
start of related testing.

Field Training

Proposed schedule for field training, at |east 2 weeks prior to
the start of related training.

SD-06 Test Reports
Per f ormance Tests

Test reports for the piping hydrostatic test, ductwork |eak
test, and performance tests in booklet form upon conpletion of
testing. Reports shall document phases of tests performed
including initial test summary, repairs/adjustments nade, and
final test results.

SD-07 Certificates
Bol ts

Witten certification fromthe bolt manufacturer that the bolts
furni shed comply with the requirements of this specification. The
certification shall include illustrations of product markings, and
t he nunber of each type of bolt to be furnished.

SD-10 Operation and Mi ntenance Data
Operating and Mai ntenance | nstructions

Si x manual s |isting step-by-step procedures required for system
startup, operation, shutdown, and routine maintenance, at |east 2
weeks prior to field training. The manuals shall include the
manuf acturer's name, nodel nunber, parts list, list of parts and
tools that should be kept in stock by the owner for routine
mai nt enance i ncluding the nane of a |ocal supplier, sinplified
wiring and controls diagrans, troubl eshooting guide, and
recommended service organi zation (including address and tel ephone
nunber) for each item of equiprment. Each service organization
subm tted shall be capable of providing 4 hour onsite response to
a service call on an energency basis.

PART 2 PRODUCTS

2.1 STANDARD PRODUCTS
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Conponents and equi pnent shall be standard products of a manufacturer

regul arly engaged in the manufacturing of products that are of a simlar
mat eri al, design and workmanshi p. The standard products shall have been in
sati sfactory comrercial or industrial use for 2 years before bid opening.
The 2-year experience shall include applications of conponents and

equi pment under simlar circunstances and of simlar size. The 2 years
nust be satisfactorily conpleted by a product which has been sold or is

of fered for sale on the comrercial market through adverti senents,

manuf acturers' catal ogs, or brochures. Products having |less than a 2-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 tests, can be shown. The equipnent itens shall be
supported by a service organi zation

2.2  ASBESTOS PRCH BI TI ON
Asbest os and asbestos-contai ni ng products shall not be used.
2.3 NAMEPLATES

Equi pnent shall have a nanmeplate that identifies the manufacturer's nane,
address, type or style, nodel or serial number, and catal og nunber.

2.4 EQUI PMENT GUARDS AND ACCESS

Belts, pulleys, chains, gears, couplings, projecting setscrews, keys, and
other rotating parts exposed to personnel contact shall be fully enclosed
or guarded according to OSHA requirenments. Hi gh tenperature equi pment and
pi pi ng exposed to contact by personnel or where it creates a potential fire
hazard shall be properly guarded or covered with insulation of a type
speci fi ed.

2.5 Pl PI NG COMPONENTS
2.5.1 Steel Pipe

Steel pipe shall conformto ASTM A 53/ A 53M Schedule 40, Grade A or B
Type E or S.

2.5.2 Joints and Fittings For Steel Pipe

Joints shall be welded, flanged, threaded, or grooved as indicated. If not
ot herwi se indicated, piping 1 inch and smaller shall be threaded; piping
larger than 1 inch and smaller than 3 inches shall be either threaded,
grooved, or wel ded; and piping 3 inches and | arger shall be grooved,

wel ded, or flanged. Rigid grooved nmechanical joints and fittings may only
be used in serviceabl e aboveground | ocations where the tenperature of the
circul ati ng nedi um does not exceed 230 degrees F. Flexible grooved joints
shal |l be used only as a flexible connector with grooved pi pe system

Unl ess ot herwi se specified, grooved piping conponents shall neet the
corresponding criteria specified for the simlar welded, flanged, or

t hreaded conponent specified herein. The manufacturer of each fitting
shal |l be permanently identified on the body of the fitting according to MSS
SP- 25.

2.5.2.1 Wel ded Joints and Fittings
Wel ded fittings shall conformto ASTM A 234/ A 234M and shall be identified
with the appropriate grade and marking synbol. Butt-welded fittings shal
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conformto ASME B16.9. Socket-welded fittings shall conformto ASME B16. 11
2.5.2.2 Fl anged Joints and Fittings

Fl anges shall conformto ASTM A 181/ A 181M and ASME B16.5, C ass 150.
Gaskets shall be nonasbestos conpressed material according to ASME B16. 21
1/16 inch thickness, full face or self-centering flat ring type. The
gaskets shall contain aram d fibers bonded with styrene butadi ene rubber
(SBR) or nitrile butadiene rubber (NBR). Bolts, nuts, and bolt patterns
shall conformto ASME B16.5. Bolts shall be high or internediate strength
material conform ng to ASTM A 193/ A 193M

2.5.2.3 Threaded Joints and Fittings

Threads shall conformto ASME Bl1l.20.1. Unions shall conformto ASME B16. 39,
Class 150. Nipples shall conformto ASTM A 733. Malleable iron fittings
shall conformto ASME B16.3, type as required to match piping.

2.5.2.4 Di el ectric Unions and Fl anges

Di el ectric unions shall have the tensile strength and di mensi ona

requi renents specified. Unions shall have metal connections on both ends
threaded to match adj acent piping. Metal parts of dielectric unions shal
be separated with a nylon insulator to prevent current flow between
dissimlar nmetals. Unions shall be suitable for the required operating
pressures and tenperatures. Dielectric flanges shall provide the sane
pressure ratings as standard flanges and provi de conplete electrica

i sol ati on.

2.5.2.5 Grooved Mechanical Joints and Fittings

Joints and fittings shall be designed for not |ess than 125 psig service
and shall be the product of the same manufacturer. Fitting and coupling
houses shall be malleable iron conformng to ASTM A 47/ A 47M G ade 32510;
ductile iron conformng to ASTM A 536, Grade 65-45-12; or steel conform ng
to ASTM A 106, Grade B or ASTM A 53/ A 53M CGaskets shall be nol ded
synthetic rubber with central cavity, pressure responsive configuration and
shall conformto ASTM D 2000 Grade No. 2CA615A15B44F17Z for circul ating
medi umup to 230 degrees F or Grade No. MBA610A15B44Z for circul ating
medi um up to 200 degrees F. Gooved joints shall conformto AWM C606.
Coupling nuts and bolts shall be steel and shall conformto ASTM A 183.

2.5.3 Copper Tube
Copper tube shall conformto ASTM B 88, Type K or L.
2.5.4 Joints and Fittings For Copper Tube

W ought copper and bronze solder-joint pressure fittings shall conformto
ASME B16. 22 and ASTM B 75. Cast copper alloy sol der-joint pressure
fittings shall conformto ASME B16.18. Cast copper alloy fittings for
flared copper tube shall conformto ASME B16.26 and ASTM B 62. Brass or
bronze adapters for brazed tubing may be used for connecting tubing to
flanges and to threaded ends of valves and equi pnent. Extracted brazed tee
joints produced with an acceptable tool and installed as recommended by the
manuf acturer may be used.

2.5.5 Val ves
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Val ves shall be O ass 125 and shall be suitable for the intended
application. Valves shall nmeet the naterial, fabrication and operating
requi renents of ASME B31.1. Chain operators shall be provided for valves
| ocated 10 feet or higher above the floor. Valves in sizes larger than 1
i nch and used on steel pipe systens, may be provided with rigid grooved
nmechani cal joint ends. Such grooved end val ves shall be subject to the
sanme requirements as rigid grooved nechanical joints and fittings and,
shal | be provided by the sane nanufacturer as the grooved pipe joint and
fitting system

2.5.5.1 Gat e Val ves

Gate valves 2-1/2 inches and snaller shall conformto MSS SP-80 and shal
be bronze with rising stemand threaded, solder, or flanged ends. Gate
val ves 3 inches and larger shall conformto MSS SP-70 and shall be cast
iron with bronze trim outside screw and yoke, and flanged or threaded ends.

2.5.5.2 d obe Val ves

d obe valves 2-1/2 inches and smaller shall conformto MSS SP-80, bronze,
t hreaded, sol dered, or flanged ends. @ obe valves 3 inches and | arger
shall conformto MSS SP-85 and shall be cast iron with bronze trimand

fl anged, or threaded ends.

2.5.5.3 Check Val ves

Check valves 2-1/2 inches and smaller shall conformto MSS SP-80 and shal
be bronze with threaded, soldered, or flanged ends. Check valves 3 inches
and | arger shall conformto MSS SP-7l1land shall be cast iron with bronze
trimand flanged or threaded ends.

2.5.5.4 Angle Valves

Angl e valves 2-1/2 inches and smaller shall conformto MSS SP-80 and shal
be bronze with threaded, soldered, or flanged ends. Angle valves 3 inches
and | arger shall conformto MSS SP-85and shall be cast iron with bronze
trimand flanged, or threaded ends.

2.5.5.5 Bal | Val ves

Ball valves 1/2 inch and |l arger shall conformto MSS SP-72 or MSS SP-110,
and shall be ductile iron or bronze with threaded, soldered, or flanged
ends.

2.5.5.6 Bal anci ng Val ves

Bal anci ng val ves 2 inches or smaller shall be bronze with NPT connections
for black steel pipe and brazed connections for copper tubing. Valves 1
inch or larger may be all iron with threaded or flanged ends. The val ves
shal | have a square head or simlar device and an indicator arc and shal

be designed for 250 degrees F. Iron valves shall be |ubricated,

nonl ubri cated, or tetrafluoroethylene resin-coated plug valves. In lieu of
pl ug val ves, ball valves may be used. Plug valves and ball valves 8 inches
or larger shall be provided with nanual gear operators with position

indi cators. Where indicated, automatic flow control valves shall be
provided to maintain constant flow, and shall be designed to be sensitive
to pressure differential across the valve to provide the required opening.
Val ves shall be selected for the flow required and provided with a

per manent namepl ate or tag carrying a permanent record of the
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factory-determined flowrate and flow control pressure levels. Valves
shall control the floww thin 5 percent of the tag rating. Valves shall be
sui table for the maxi mum operating pressure of 125 psig or 150 percent of
the system operating pressure, whichever is the greater. \WWere the
avai |l abl e system pressure is not adequate to provide the ninimm pressure
differential that still allows flow control, the system punp head
capability shall be appropriately increased. Were flow readings are
provi ded by renote or portable neters, valve bodies shall be provided with
t apped openi ngs and pi pe extensions with shutoff val ves outside of pipe

i nsul ation. The pipe extensions shall be provided with quick connecting
hose fittings for a portable nmeter to nmeasure the pressure differentia
across the automatic flow control valve. A portable neter furnished with
accessory kit as recommended by the automatic val ve manufacturer shall be
provided. Automatic flow control valve specified may be substituted for
venturi tubes or orifice plate flow measuring devices.

2.5.5.7 Air Vents

Manual air vents shall be brass or bronze valves or cocks suitable for
pressure rating of piping systemand furnished with threaded plugs or caps.
Automatic air vents shall be float type, cast iron, stainless steel, or
forged steel construction, suitable for pressure rating of piping system

2.5.6 Strai ners

Strainer shall be in accordance with ASTM F 1199, except as nodified
herein. Strainer shall be the cleanable, basket or "Y' type, the sanme
size as the pipeline. The strainer bodies shall be fabricated of cast iron
with bottoms drilled, and tapped. The bodies shall have arrows clearly
cast on the sides indicating the direction of flow. Each strainer shall be
equi pped with renovabl e cover and sedi nent screen. The screen shall be
made of m ni mum 22 gauge corrosion-resistant steel, with small perforations
nunbering not |ess than 400 per square inch to provide a net free area

t hrough the basket of at least 3.3 tines that of the entering pipe. The
flow shall be into the screen and out through the perforations.

2.5.7 Chill ed Water System Accessories

Chill ed water system accessories such as punps, conbination strainer and
suction diffusers, and expansion tanks shall be as specified in Section
15650 CENTRAL REFRI GERATED Al R CONDI TI ONI NG SYSTEM

2.5.8 Backf |l ow Preventers

Backfl ow preventers shall be according to Section 15400 PLUVBI NG GENERAL
PURPCSE

2.5.9 Fl exi bl e Pi pe Connectors

Fl exi bl e pi pe connectors shall be designed for 125 psi or 150 psi service
as appropriate for the static head plus the system head, and 250 degrees F
230 degrees F for grooved end flexible connectors. The flexible section
shal | be constructed of rubber, tetrafluoroethylene resin, or
corrosion-resisting steel, bronze, nonel, or galvanized steel. The
flexible section shall be suitable for intended service with end
connections to match adjacent piping. Flanged assenblies shall be equipped
with limt bolts to restrict nmaximumtravel to the manufacturer's standard
l[imts. Unless otherwise indicated, the length of the flexible connectors
shal | be as recomended by the manufacturer for the service intended.
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Internal sleeves or liners, conpatible with circulating nmedium shall be
provi ded when reconmmended by the manufacturer. Covers to protect the
bel | ows shall be provided where indicated.

2.5.10 Pressure Gauges

Gauges shall conformto ASME B40.1 and shall be provided with throttling
type needl e valve or a pul sati on danpener and shut-off valve. Gauge shal
be a m nimum of 3-1/2 inches in dianmeter and shall have a range fromO psig
to approximately 1.5 times the maxi num system wor ki ng pressure.

2.5.11 Ther nonet er s

Ther noneters shall have brass, nalleable iron, or alum numalloy case and
frame, clear protective face, permanently stabilized glass tube with

i ndicating-fluid colum, white face, black nunmbers, and a 9 inch scale, and
shall have rigid stems with straight, angular, or inclined pattern.

2.5.12 Escut cheons

Escut cheons shall be chrom umplated iron or chrom umpl ated brass, either
one piece or split pattern, held in place by internal spring tension or
set screws.

2.5.13 Pi pe Hangers, Inserts, and Supports
Pi pe hangers, inserts, and supports shall conformto MSS SP-58 and MSS SP-69.
2.5.14 I nsul ation

Shop and field applied insulation shall be as specified in Section 15080
THERMAL | NSULATI ON FOR MECHANI CAL SYSTEMS.

2.5.15 Condensat e Drain Lines

Condensat e drai nage shall be provided for each item of equi pnment that
generates condensate as specified for drain, waste, and vent piping systens
in Section 15400 PLUMBI NG, GENERAL PURPOSE

2.6 ELECTRI CAL VWORK

El ectrical nmotor-driven equi pment specified shall be provided conplete with
notor, notor starter, and controls. Unless otherw se specified, electric
equi prent, including wiring and notor efficiencies, shall be according to
Section 16415 ELECTRI CAL WORK, |INTERIOR  Electrical characteristics and
encl osure type shall be as shown. Unless otherw se indicated, motors of 1
hp and above shall be high efficiency type. Mdtor starters shall be

provi ded conplete with thernmal overload protection and other appurtenances
necessary. FEach motor shall be according to NEMA MG 1 and shall be of
sufficient size to drive the equiprment at the specified capacity w thout
exceedi ng the naneplate rating of the notor. Manual or automatic contro
and protective or signal devices required for the operation specified, and
any control wiring required for controls and devices, but not shown, shal
be provi ded.

2.7 CONTROLS
Controls shall be provided as specified in Section 15950 HEATI NG
VENTI LATI NG AND Al R CONDI TI ONI NG (HVAC) CONTROL SYSTEMS
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2.

2.

8 DUCTWORK COVPONENTS
8.1 Met al Duct wor k

Al'l aspects of metal ductwork construction, including all fittings and
conponents, shall conply with SMACNA HVAC Duct Const Stds unl ess otherw se
specified. Elbows shall be radius type with a centerline radius of 1-1/2
times the width or dianeter of the duct where space permts. O herw se,

el bows having a mininumradius equal to the width or dianeter of the duct
or square elbows with factory fabricated turning vanes may be used. Static
pressure Class 1/2, 1, and 2 inch w. g. ductwork shall neet the requirenents
of Seal Cass C. Cass 3 through 10 inch shall nmeet the requirenents of
Seal Cass A Sealants shall conformto fire hazard classification
specified in Section 15080 THERMAL | NSULATI ON FOR MECHANI CAL SYSTEMS.
Pressure sensitive tape shall not be used as a sealant. Spiral |ock seam
duct, and flat oval shall be made with duct seal ant and | ocked with not

| ess than 3 equally spaced drive screws or other approved net hods indicated
in SMACNA HVAC Duct Const Stds. The sealant shall be applied to the
exposed nmale part of the fitting collar so that the sealer will be on the
inside of the joint and fully protected by the netal of the duct fitting.
One brush coat of the seal ant shall be applied over the outside of the
joint to at least 2 inch band width covering all screw heads and joint gap
Dents in the nale portion of the slip fitting collar will not be
acceptable. Qutdoor air intake ducts and plenuns shall be fabricated with
wat erti ght sol dered or brazed joints and seans.

.8.1.1 Transi tions

Diverging air flow transitions shall be nade with each side pitched out a
maxi mum of 15 degrees, for an included angle of 30 degrees. Transitions
for converging air flow shall be made with each side pitched in a nmaxi mum
of 30 degrees, for an included angle of 60 degrees, or shall be as

i ndi cated. Factory-fabricated reducing fittings for systems using round
duct sections when forned to the shape of the ASME short flow nozzle, need
not conply with the nmaxi num angl es specifi ed.

.8.1.2 Ceneral Service Duct Connectors

A flexible duct connector approximately 6 inches in width shall be provided
where sheet nmetal connections are nade to fans or where ducts of dissimlar
netal s are connected. For round/oval ducts, the flexible material shall be
secured by stainless steel or zinc-coated, iron clinch-type draw bands.

For rectangul ar ducts, the flexible material |ocked to netal collars shal
be installed using normal duct construction nethods. The conposite
connector systemshall conply with UL 214 and be classified as
"flanme-retarded fabrics" in UL Bld Mat Dir.

.8.2 Duct wor k Accessori es

.8.2.1 Duct Access Doors

Access doors shall be provided in ductwork and pl enums where indi cated and
at all air flow neasuring prinmaries, autonmatic danpers, fire danpers,

coils, thernostats, and other apparatus requiring service and inspection in
t he duct system and unl ess otherw se shown, shall conformto SMACNA HVAC
Duct Const Stds. Access doors shall be provided upstream and downstream of
air flow neasuring primaries and heating and cooling coils. Doors shall be
m ni mum 15 x 18 inches, unless otherwi se shown. Were duct size will not
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accommodate this size door, the doors shall be nmade as | arge as
practicable. Doors 24 x 24 inches or larger shall be provided with
fasteners operable fromboth sides. Doors in insulated ducts shall be the
i nsul ated type

2.8.2.2 Fire Danpers

Fire danpers shall be 1-1/2 hour fire rated unl ess otherw se indicated.
Fire danpers shall conformto the requirenents of NFPA 90A and UL 555. The
Contractor shall performthe fire danper test as outlined in NFPA 90A. A
pressure relief danper shall be provided upstreamof the fire danmper. |If
t he ductwork connected to the fire danper is to be insulated then this
pressure relief danper shall be factory insulated. Fire danpers shall be
automatic operating type and shall have a dynamic rating suitable for the
maxi mum air velocity and pressure differential to which it will be

subj ected. Fire danpers shall be approved for the specific application,
and shall be installed according to their listing. Fire danpers shall be
equi pped with a steel sleeve or adequately sized frame installed in such a
manner that disruption of the attached ductwork, if any, will not inpair
the operation of the danper. Sleeves or franmes shall be equipped with
perimeter nounting angles attached on both sides of the wall or floor
opening. Ductwork in fire-rated floor-ceiling or roof-ceiling assenbly
systems with air ducts that pierce the ceiling of the assenblies shall be
constructed in conformance with UL Fire Resist Dir. Fire danpers shall be
curtain type with danper bl ades out of the air stream Danpers shall not
reduce the duct or the air transfer opening cross-sectional area. Danpers
shall be installed so that the centerline of the danper depth or thickness
is located in the centerline of the wall, partition or floor slab depth or
t hi ckness. Unless otherwi se indicated, the installation details given in
SMACNA Install Fire Danp HVAC and in manufacturer's instructions for fire
danpers shall be foll owed

2.8.2.3 Splitters and Manual Bal anci ng Danpers

Splitters and manual bal anci ng danpers shall be furnished with accessible
operating mechani sns. Where operators occur in finished portions of the
bui | di ng, operators shall be chromumplated with all exposed edges
rounded. Splitters shall be operated by quadrant operators or 3/16 inch
rod brought through the side of the duct with | ocking setscrew and bushi ng.
Two rods are required on splitters over 8 inches. Manual volume contro
danpers shall be operated by | ocking-type quadrant operators. Danpers and
splitters shall be 2 gauges heavier than the duct in which installed.

Unl ess otherwi se indicated, nultil eaf danpers shall be opposed bl ade type
wi th maxi num bl ade width of 12 inches. Access doors or panels shall be
provided for all conceal ed danper operators and | ocking setscrews. Unless
ot herwi se indicated, the |ocking-type quadrant operators for danpers, when
installed on ducts to be thermally insulated, shall be provided with
stand-of f nmounting brackets, bases, or adapters to provide clearance

bet ween the duct surface and the operator not |ess than the thickness of
the insulation. Stand-off nounting itens shall be integral with the
operator or standard accessory of the damper manufacturer. Vol une danpers
shal I be provided where indicated.

2.8.2.4 Air Defl ectors and Branch Connecti ons

Air deflectors shall be provided at duct nounted supply outlets, at takeoff
or extension collars to supply outlets, at duct branch takeoff connecti ons,
and at 90 degree el bows, as well as at |ocations as indicated on the

drawi ngs or otherw se specified. Conical branch connections or 45 degree
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entry connections may be used in lieu of deflectors or extractors for
branch connections. All air deflectors, except those installed in 90
degree el bows, shall be provided with an approved nmeans of adjustnent.

Adj ust ment shall be made from easily accessible nmeans inside the duct or
froman adjustnent with sturdy | ock on the face of the duct. Wen
installed on ducts to be thermally insulated, external adjustnents shall be
provided with stand-off nounting brackets, integral with the adjustnent
device, to provide clearance between the duct surface and the adjustnment
device not less than the thickness of the thermal insulation. Air

defl ectors shall be factory-fabricated units consisting of curved turning
vanes or |ouver bl ades designed to provide uniformair distribution and
change of direction with m ni mum turbul ence or pressure loss. Air

defl ectors shall be factory or field assenbled. Blade air deflectors, also
call ed blade air extractors, shall be approved factory fabricated units
consi sting of equalizing grid and adjustable blade and | ock. Adjustment
shall be easily made fromthe face of the diffuser or by position
adjustment and | ock external to the duct. Stand-off brackets shall be
provi ded on insul ated ducts and are described herein. Fixed air

defl ectors, also called turning vanes, shall be provided in 90 degree

el bows.

2.8.3 Duct Sl eeves, Framed Prepared Openings, Cosure Collars
2.8.3.1 Duct Sl eeves

Duct sl eeves shall be provided for round ducts 15 inches in dianmeter or

| ess passing through floors, walls, ceilings, or roof, and installed during
construction of the floor, wall, ceiling, or roof. Round ducts |arger than
15 inches in dianmeter and square, rectangular, and oval ducts passing

t hrough floors, walls, ceilings, or roof shall be installed through franed
prepared openings. The Contractor shall be responsible for the proper size
and | ocation of sleeves and prepared openings. Sleeves and franmed openi ngs
are also required where grilles, registers, and diffusers are installed at
t he openings. Franmed prepared openings shall be fabricated from 20 gauge
gal vani zed steel, unless otherw se indicated. Were sleeves are installed
in bearing walls or partitions, black steel pipe, ASTM A 53/ A 53M Schedul e
20 shall be used. Sleeve shall provide 1 inch clearance between the duct
and the sleeve or 1 inch clearance between the insulation and the sl eeve
for insulated ducts.

2.8.3.2 Framed Prepared Openings

Openi ngs shall have 1 inch clearance between the duct and the opening or 1
i nch cl earance between the insulation and the opening for insulated ducts.

2.8.3.3 Cl osure Collars

Col lars shall be fabricated of gal vani zed sheet nmetal not |less than 4 inches
wi de, unless otherwi se indicated, and shall be installed on exposed ducts

on each side of walls or floors where sl eeves or prepared openings are
provided. Collars shall be installed tight against surfaces. Collars

shall fit snugly around the duct or insulation. Sharp edges of the collar
around insul ated duct shall be ground smooth to preclude tearing or
puncturing the insulation covering or vapor barrier. Collars for round
ducts 15 inches in dianeter or |ess shall be fabricated from 20 gauge

gal vani zed steel. Collars for round ducts |arger than 15 i nches and
square, and rectangul ar ducts shall be fabricated from 18 gaugegal vani zed
steel. Collars shall be installed with fasteners on nmaxi mum 6 inch

centers, except that not less than 4 fasteners shall be used.
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2.

2.

8.4 Pl enuns and Casings for Field-Fabricated Units
8.4.1 Pl enum and Casi ngs

Pl enuns and casi ngs shall be fabricated and erected as shown i n SMACNA HVAC
Duct Const Stds, as applicable. Unless otherw se indicated, system casing
shal | be constructed of not |ess than 16 gauge gal vani zed sheet steel
Cooling coil drain pans with 1 inch threaded outlet shall be provided to
col l ect condensation fromthe cooling coils. Drain pans shall be
fabricated of not lighter than 16 gauge steel, gal vanized after fabrication
or of 18 gauge corrosion-resisting sheet steel conformng to ASTM A 167,
Type 304, welded and stiffened. Drain pans exposed to the atnobsphere shal
be thermally insulated to prevent condensation. |Insulation shall be coated
with a flame resistant waterproofing material. Separate drain pans shal

be provided for each vertical coil section, and a separate drain |ine shal
be provided for each pan. Pans shall be generously sized to ensure capture
of entrained noisture on the downstreamrair side of the coil. Openings in
t he casing, such as for piping connections, shall be sealed and covered to
prevent air |eakage. Water seal for the drain shall provide at |least 2

i nch water gauge greater than the maxi mum negative pressure in the coi
space.

.8.4.2 Casi ng

Casings shall be terminated at the curb line and anchored by the use of
gal vani zed angle iron sealed and bolted to the curb, as indicated in SMACNA
HVAC Duct Const Stds.

.8.4.3 Access Doors

Access doors shall be provided in each section of the casing. Door frames
shal |l be welded in place, and each door shall be neoprene gasketed, hinged
with m ni mum of two brass hinges, and fastened with a m ni mum of two brass
tensi on fasteners operable frominside and outside of the casing. Were
possi bl e, doors shall be 36 x 18 inches |ocated 18 i nches above the fl oor
Where the space available will not accommpbdate doors of this size, doors as
| arge as the space will accommodate shall be provided. Doors shall sw ng
so that fan suction or pressure holds door in closed position, and shall be
airtight. A push-button station to stop the supply fan shall be I ocated

i nsi de the casing where indicated.

.8.4.4 Factory- Fabricated | nsul ated Sheet Metal Panels

Factory-fabricated conponents may be used for field-assenbled units,
provided all requirenments specified for field-fabricated pl enuns and
casings are net. Panels shall be of nodul ar design, pretested for
structural strength, thermal control, condensation control, and acoustica
control. Panel joints shall be sealed and insul ated access doors shall be
provi ded and gasketed to prevent air |eakage. Panel construction shall be
not |l ess than 20 gauge gal vani zed sheet steel and shall be assenbled with
fasteners treated against corrosion. Standard |ength panels shall deflect
not nmore than 1/2 inch under operation. Details of construction, including
joint sealing, not specifically covered shall be as indicated in SMACNA
HVAC Duct Const Stds. The plenuns and casings shall be constructed to

wi t hstand the specified internal pressure of the air systens.

2.8.4.5 Duct Li ner
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Unl ess ot herwi se specified, duct liner shall conformto ASTM C 1071, Type
or 11.

2.8.5 Diffusers, Registers, and Gilles

Units shall be factory-fabricated of steel, corrosion-resistant steel, or
al um num and shall distribute the specified quantity of air evenly over
space intended w thout causing noticeable drafts, air novenent faster than
50 fpmin occupied zone, or dead spots anywhere in the conditioned area.
Qutlets for diffusion, spread, throw, and noise |evel shall be as required
for specified performance. Performance shall be certified according to
ASHRAE 70. Inlets and outlets shall be sound rated and certified according
to ASHRAE 70. Sound power |evel shall be as indicated. Diffusers and
regi sters shall be provided with volume danper with accessi bl e operator

unl ess otherwi se indicated; or if standard with the nmanufacturer, an
automatically controlled device will be acceptable. Volume danpers shal
be opposed bl ade type for all diffusers and registers, except linear slot
di ffusers. Linear slot diffusers shall be provided with round or

el liptical balancing danpers. Were the inlet and outlet openings are

| ocated | ess than 7 feet above the floor, they shall be protected by a
grille or screen according to NFPA 90A.

2.8.5.1 Di f fusers

Di ffuser types shall be as indicated. Ceiling nounted units shall be

furni shed with anti-snmudge devices, unless the diffuser unit mninmzes

cei ling snudgi ng through design features. Diffusers shall be provided with
air deflectors of the type indicated. Air handling troffers or conbination
light and ceiling diffusers shall conformto the requirements of UL El ec
Const Dir for the interchangeabl e use as cool ed or heated air supply

di ffusers or return air units. Ceiling mounted units shall be installed
with rinms tight against ceiling. Sponge rubber gaskets shall be provided
bet ween ceiling and surface nounted diffusers for air |eakage control
Suitable trimshall be provided for flush mounted diffusers. Duct collar
connecting the duct to diffuser shall be airtight and shall not interfere
with volume controller. Return or exhaust units shall be simlar to supply
di f fusers.

2.8.5.2 Regi sters and Grilles

Units shall be four-way directional-control type, except that return and
exhaust registers may be fixed horizontal or vertical |ouver type simlar

in appearance to the supply register face. Registers shall be provided

wi t h sponge-rubber gasket between flanges and wall or ceiling. Wall supply
regi sters shall be installed at |east 6 inches below the ceiling unless
otherwi se indicated. Return and exhaust registers shall be | ocated 6 inches
above the floor unless otherw se indicated. Four-way directional contro
may be achieved by a grille face which can be rotated in 4 positions or by
adj ustment of horizontal and vertical vanes. Gilles shall be as specified

for registers, wthout volune control danper.

2.8.6 Louvers
Louvers for installation in exterior walls which are associated with the
air supply and distribution systemshall be as specified in Section 10201
METAL WALL AND DOOR LOUVERS

2.8.7 Air Vents, Penthouses, and Goosenecks
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Air vents, penthouses, and goosenecks shall be fabricated from gal vani zed
steel or alum num sheets with gal vani zed or al um num structural shapes.
Sheet metal thickness, reinforcement, and fabrication shall conformto
SMACNA HVAC Duct Const Stds. Louver bl ades shall be accurately fitted and
secured to franes. Edges of |ouver blades shall be fol ded or beaded for
rigidity and baffled to exclude driving rain. Air vents, penthouses, and
goosenecks shall be provided with bird screen

2.8.8 Bird Screens and Franes

Bird screens shall conformto ASTM E 437, No. 2 nesh, al um num stainless
steel. Al um num screens shall be rated "nmediumlight". Stainless stee
screens shall be rated "light". Franes shall be renovable type, or
stai nl ess steel or extruded al um num

2.9 Al R SYSTEMS EQUI PMENT
2.9.1 Fans

Fans shall be tested and rated according to AMCA 210. Fans may be
connected to the notors either directly or indirectly with V-belt drive.
V-belt drives shall be designed for not |ess than 150 percent of the
connected driving capacity. Mdtor sheaves shall be variable pitch for 15 hp
and bel ow and fixed pitch as defined by ARl Guideline D. Variable pitch
sheaves shall be selected to drive the fan at a speed which will produce
the specified capacity when set at the approxi mate nidpoint of the sheave
adjustrment. Wen fixed pitch sheaves are furnished, a replaceabl e sheave
shal | be provided when needed to achi eve systemair balance. Mtors for
V-belt drives shall be provided with adjustable rails or bases. Renpvable
netal guards shall be provided for all exposed V-belt drives, and
speed-test openings shall be provided at the center of all rotating shafts.
Fans shall be provided with personnel screens or guards on both suction and
supply ends, except that the screens need not be provided, unless otherw se
i ndi cated, where ducts are connected to the fan. Fan and nmotor assenblies
shal |l be provided with vibration-isolation supports or nountings as
indicated. Vibration-isolation units shall be standard products with
publ i shed | oading ratings. Each fan shall be selected to produce the
capacity required at the fan static pressure indicated. Sound power |eve
shall be as indicated. The sound power |evel values shall be obtained
according to AMCA 300. Standard AMCA arrangenent, rotation, and di scharge
shal |l be as indicated.

2.9.1.1 Centrifugal Fans

Centrifugal fans shall be fully enclosed, single-width single-inlet, or
doubl e-wi dt h doubl e-inlet, AMCA Pressure Class I, Il, or Ill as required or
i ndicated for the design systempressure. |Inpeller wheels shall be rigidly
constructed, accurately bal anced both statically and dynam cally. Fan

bl ades may be forward curved, backward-inclined or airfoil design in whee
sizes up to 30 inches. Fan blades for wheels over 30 inches in dianeter
shal | be backward-inclined or airfoil design. Fan wheels over 36 inches in
di amet er shall have overhung pulleys and a bearing on each side of the
wheel. Fan wheels 36 inches or less in dianmeter may have one or nore extra
| ong bearings between the fan wheel and the drive. Bearings shall be

sl eeve type, self-aligning and self-oiling with oil reservoirs, or
precision self-aligning roller or ball-type with accessible grease fittings
or permanently lubricated type. Gease fittings shall be connected to
tubi ng and serviceable froma single accessible point. Bearing |ife shal
be L50 rated at not |ess than 200,000 hours as defined by AFBMA Std 9 and
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AFBMVA Std 11. Fan shafts shall be steel, accurately finished, and shall be
provided with key seats and keys for inpeller hubs and fan pulleys. Each
fan outl et shall be of anple proportions and shall be designed for the
attachment of angles and bolts for attaching flexible connections.

Manual |y operated inlet vanes shall be provided on suction inlets.

Manual |y operated outlet danpers shall be provided. Modtors, unless

ot herwi se indicated, shall not exceed 1800 rpm and shall have open

dri pproof enclosures. Mdttor starters shall be nmagnetic across-the-Iline
type with general - purpose or weather-resistant, watertight encl osure as

i ndi cated. Renote nmanual switch shall be provided where indicated.

2.9.1.2 (DELETED)

2.9.1.3 Cei l i ng Exhaust Fans

Suspended cabi net-type ceiling exhaust fans shall be centrifugal type,
direct-driven. Fans shall have acoustically insulated housing. Integra
backdraft danper shall be chatter-proof. The integral face grille shall be
of egg-crate design or |ouver design. Fan notors shall be nounted on
vibration isolators. Unit shall be provided with nounting flange for
hangi ng unit from above. Fans shall be U L. listed.

2.9.2 Coils

Coils shall be fin-and-tube type constructed of seanl ess copper tubes and
al um num or copper fins mechanically bonded or soldered to the tubes.
Copper tube wall thickness shall be a m nimum of 0.016 inch. Al um numfins
shal |l be 0.0055 inch mnimumthickness. Copper fins shall be 0.0045 inch

m ni mum t hi ckness. Casing and tube support sheets shall be not lighter
than 16 gauge gal vani zed steel, forned to provide structural strength.

VWhen required, multiple tube supports shall be provided to prevent tube
sag. Each coil shall be tested at the factory under water at not |ess than
400 psi air pressure and shall be suitable for 200 psi working pressure.
Coils shall be nounted for counterflow service. Coils shall be rated and
certified according to ARl 410.

2.9.2.1 VWater Coils

Water coils shall be installed with a pitch of not less than 1/8 inch per
foot of the tube Iength toward the drain end. Headers shall be constructed
of cast iron, welded steel or copper. Each coil shall be provided with a
pl ugged vent and drai n connection extending through the unit casing.

2.9.3 Air Filters

Air filters shall be listed according to requirenments of UL 900, except
high efficiency particulate air filters of 99.97 percent efficiency by the
DOP Test method shall be as |isted under the Label Service and shall neet
the requirenents of UL 586.

2.9.3.1 Ext ended Surface Pl eated Panel Filters

Filters shall be 2 inch depth, sectional, disposable type of the size

i ndi cated and shall have an average efficiency of 25 to 30 percent when
tested according to ASHRAE 52.1. Initial resistance at 500 feet per mnute
shal |l not exceed 0.36 inches water gauge. Filters shall be UL Cass 2
Medi a shall be nonwoven cotton and synthetic fiber mat. A wire support
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grid bonded to the nedia shall be attached to a noisture resistant
fiberboard frane. Al four edges of the filter nedia shall be bonded to
the inside of the frame to prevent air bypass and increase rigidity.

2.9.3.2 Hol di ng Frames

Frames shall be fabricated fromnot |ighter than 16 gauge sheet steel with

rust-inhibitor coating. Each holding frane shall be equipped with suitable
filter holding devices. Holding frame seats shall be gasketed. Al joints
shall be airtight.

2.9.3.3 Filter Gauges

Filter gauges shall be dial type, diaphragm actuated draft and shall be
provided for all filter stations, including those filters which are
furnished as integral parts of factory fabricated air handling units.
Gauges shall be at least 3-7/8 inches in diameter, shall have white dials
with black figures, and graduations shall be graduated in 0.01 inch, and
shal | have a mninumrange of 1 inch beyond the specified final resistance
for the filter bank on which each gauge is applied. Each gauge shal

i ncorporate a screw operated zero adjustment and shall be furnished
conplete with two static pressure tips with integral conpression fittings,
two nol ded plastic vent valves, two 5 foot minimumIlengths of 1/4 inch

di anmeter al um numor vinyl tubing, and all hardware and accessories for
gauge mounti ng.

2.10 AR HANDLI NG UNITS
2.10.1 Factory- Fabricated Air Handling Units

Units shall be single-zone drawthrough type. Units shall include fans,
coils, airtight insulated casing, filter sections, adjustable V-belt

drives, belt guards for externally mounted notors, access sections where

i ndi cated, m xing box, vibration-isolators, and appurtenances required for
specified operation. Vibration isolators shall be as indicated. Each air
handl i ng unit shall have physical dinensions suitable to fit space allotted
to the unit and shall have the capacity indicated. Air handling unit shal
have published ratings based on tests perforned according to ARl 430.

2.10.1.1 Casi ngs

Casing sections shall be single wall type, constructed of a mninum 18
gauge gal vani zed steel, or 18 gauge steel outer casing protected with a
corrosion resistant paint finish according to paragraph FACTORY PAI NTI NG
Casing shall be designed and constructed with an integral structural stee
frame such that exterior panels are non-load bearing. Exterior panels
shal |l be individually renovable. Renoval shall not affect the structura
integrity of the unit. Casings shall be provided with inspection doors,
access sections, and access doors as indicated. Inspection and access
doors shall be insulated, fully gasketed, double-wall type, of a mninum 18
gauge outer and 20 gauge inner panels. Doors shall be rigid and provided
wi th heavy duty hinges and | atches. Inspection doors shall be a m nimm 12
inches wide by 12 inches high. Access doors shall be mnimm 24 inches

wi de and shall be the full height of the unit casing or a minimmof 6 ft.,
whi chever is |ess. Access Sections shall be according to paragraph AR
HANDLI NG UNI TS. Drain pan shall be doubl e-bottomtype constructed of 16
gauge gal vani zed steel, pitched to the drain connection. Drain pans shal
be constructed water tight, treated to prevent corrosion, and designed for
positive condensate drainage. Wen 2 or nore cooling coils are used, with
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one stacked above the other, condensate fromthe upper coils shall not flow
across the face of lower coils. Internediate drain pans or condensate
col l ection channel s and downspouts shall be provided, as required to carry
condensate to the unit drain pan out of the air stream and w t hout noisture
carryover. Each casing section handling conditioned air shall be insul ated
with not Iess than 1 inch thick, 1-1/2 pound density coated fibrous gl ass
material having a thermal conductivity not greater than 0.23 Btu/hr-sf-F
Factory applied fibrous glass insulation shall conformto ASTM C 1071
except that the mininumthickness and density requirements do not apply,
and shall neet the requirements of NFPA 90A. Foamtype insulation is not
acceptable. Foil-faced insulation shall not be an acceptable substitute
for use on doubl e-wall access doors and inspections doors and casi ng
sections. Duct liner naterial, coating, and adhesive shall conformto
fire-hazard requirenents specified in Section 15080 THERMAL | NSULATI ON FOR
MECHANI CAL SYSTEMS. Exposed insul ation edges and joints where insul ation
panel s are butted together shall be protected with a nmetal nosing strip or
shall be coated to conformto neet erosion resistance requirenents of ASTM
C 1071. A latched and hinged inspection door, shall be provided in the fan
and coil sections. Additional inspection doors, access doors and access
sections shall be provided where indicated.

2.10.1.2 Cooling Coils

Coils shall be provided as specified in paragraph AlR SYSTEMS EQUI PVENT,
for types indicated.

2.10.1.3 Air Filters

Air filters shall be as specified in paragraph AlIR SYSTEMS EQUI PMENT f or
types and thickness indicated.

2.10.1.4 Fans

Fans shall be double-inlet, centrifugal type with each fan in a separate
scroll. Fans and shafts shall be dynamically bal anced prior to
installation into air handling unit, then the entire fan assenbly shall be
statically and dynam cally bal anced at the factory after it has been
installed in the air handling unit. Fans shall be mounted on steel shafts
accurately ground and finished. Fan bearings shall be seal ed agai nst dust
and dirt and shall be precision self-aligning ball or roller type. Bearing
life shall be L50 rated at not |ess than 200,000 hours as defined by AFBVA
Std 9 and AFBMA Std 11. Bearings shall be pernmanently |ubricated or

| ubricated type with lubrication fittings readily accessible at the drive
side of the unit. Bearings shall be supported by structural shapes, or die
formed sheet structural nenmbers, or support plates securely attached to the
unit casing. Bearings may not be fastened directly to the unit sheet netal
casing. Fans and scrolls shall be furnished with coating indicated. Fans
shal |l be driven by a unit-mounted or a floor-nounted notor connected to
fans by V-belt drive conplete with belt guard for externally nounted
notors. Belt guards shall be the three sided enclosed type with solid or
expanded netal face. Belt drives shall be designed for not less than a 1.3
service factor based on notor naneplate rating. Mtor sheaves shall be
variable pitch for 25 hp and bel ow and fixed pitch above 25 hp as defined
by ARI Quideline D. Were fixed sheaves are required, variable pitch
sheaves may be used during air bal ance, but shall be replaced with an
appropriate fixed sheave after air balance is conpleted. Variable pitch
sheaves shall be selected to drive the fan at a speed that will produce the
speci fied capacity when set at the approxi mate m dpoi nt of the sheave
adjustrment. Motors for V-belt drives shall be provided with adjustable
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bases. Fan motors shall have open dri pproof enclosures. Motor starters
shal | be nagnetic across-the-line type with general -purpose encl osures.
Unit fan or fans shall be selected to produce the required capacity at the
fan static pressure. Sound power |evel shall be as indicated. The sound
power |evel values shall be obtained according to AMCA 300 or ASHRAE 68.

2.10.1.5 Access Sections and Filter/M xi ng Boxes

Access sections shall be provided where indicated and shall be furnished

wi th access doors as shown. Access sections and filter/m xi ng boxes shal
be constructed in a manner identical to the remainder of the unit casing
and shall be equipped with access doors. M xing boxes shall be designed to
mnimze air stratification and to prompte thorough nixing of the air
streans.

2.10.1.6 Damper s

Danpers shall be as specified in paragraph CONTRCLS.
2.11 FAN-CO L UNI TS
2.11.1 Room Fan- Coil Units

Base units shall include galvanized coil casing, coil assenbly drain pan
val ve and pi pi ng package, outside air danmper, wall intake box, air filter
fans, notor, fan drive, and notor switch, plus an enclosure for cabinet
nodel s and casing for conceal ed nodels. Leveling devices integral with the
unit shall be provided for vertical type units. Sound power |evels shal

be as indicated. Sound power |level data or values for these units shall be
obt ai ned according to test procedures based on ARl 350. Sound power val ues
apply to units provided with factory fabricated cabi net encl osures and
standard grilles. Values obtained for the standard cabi net nodels will be
acceptabl e for conceal ed npodel s without separate test provided there is no
variati on between nodels as to the coil configuration, blowers, notor
speeds, or relative arrangenent of parts. Automatic valves and controls
shal | be provided as specified in paragraph CONTROLS. Each unit shall be
fastened securely to the building structure. Capacity of the units shal

be as indicated. Roomfan-coil units shall be certified as conplying with
ARl 440, and shall neet the requirements of UL 1995.

2.11.1.1 Encl osur es

Encl osures shall be fabricated of not |ighter than 18 gaugest eel

reinforced and braced. Front panels of enclosures shall be renovabl e and
provided with 1/2 inch thick dual density fibrous glass insulation. The
exposed side shall be high density, erosion-proof material suitable for use
in air streams with velocities up to 4,500 fpm Discharge grille shall be
adj ustabl e and shall be of such design as to properly distribute air

t hr oughout the conditioned space. Plastic discharge and return grilles are
not acceptable. Ferrous nmetal surfaces shall be gal vani zed or factory
finished with corrosion resistant enanel. Access doors or renovabl e panels
shal | be provided for piping and control conpartnents. Duct discharge
collar shall be provided for conceal ed nodels. Enclosures shall have easy
access for filter replacenent.

2.11.1.2 Fans
Fans shall be gal vani zed steel or alum num nultiblade, centrifugal type.

In lieu of netal, fans and scrolls may be non-netallic materials of
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sui tably reinforced conpounds. Fans shall be dynamically and statically
bal anced. Surfaces shall be smooth. Assenblies shall be accessible for
mai nt enance. Disassenbly and re-assenbly shall be by neans of nechanica
fastening devices and not by epoxies or cements.

2.11.1.3 Coils

Coils shall be constructed of not |less than 3/8 inch outside dianeter

seam ess copper tubing, with copper or alum numfins nechanically bonded or
sol dered to the tubes. Coils shall be provided with not less than 1/2 inch
outside diameter flare or sweat connectors, accessory piping package with

t hermal connections suitable for connection to the type of control valve
supplied, and nanual air vent. Coils shall be tested hydrostatically at
300 psi or under water at 250 psi air pressure and suitable for 200 ps
wor ki ng pressure. Provisions shall be nade for coil renoval

2.11.1. 4 Drai n Pans

Drain and drip pans shall be sized and located to collect all water
condensed on and dripping fromany itemwithin the unit enclosure or
casing. Drain pans shall be constructed of non-corrosive engi neered ABS
plastic, thermally insulated to prevent condensation. Insulation shal

have a flane spread rating not over 25 wi thout evidence of continued
progressive conbustion, a snoke devel oped rating no higher than 50, and
shal |l be of a waterproof type or coated with a waterproofing nateri al

Drain pans shall be pitched to drain. Mnimum 3/4 inch NPT or 5/8 inch OD
drain connection shall be provided in drain pan. Auxiliary drain pans to
catch drips fromcontrol and piping packages, elimnating insulation of the
packages shall be non-corrosive engi neered ABS plastic, and insul ated as
speci fied above. Insulation at control and piping connections thereto
shall extend 1 inch mninmumover the auxiliary drain pan

2.11.1.5 Manual |y Operated Qutside Air Danpers

Manual |y operated outside air dampers shall be provided according to the
arrangenent indicated. Danpers shall be parallel airfoil type and of

gal vani zed construction. Blades shall rotate on stainless steel or nylon
sl eeve beari ngs.

2.11.1.6 Filters

Filters shall be of the fiberglass disposable type, 1 inch thick
conforming to CID A-A-1419. Filters in each unit shall be renovable
wi t hout the use of tools.

2.11.1.7 Mbt or s

Motors shall be of the pernanent split-capacitor type with built-in thernal
overload protection, directly connected to unit fans. Mtor swtch shal
be two or three speeds and off, mamnually operated, and shall be mounted on
an identified plate adjacent to the roomthernostat as indicated. 1In lieu
of the above fan speed control, a solid-state variabl e-speed controller
havi ng a m ni num speed reducti on of 50 percent may be provided. Mdtors
shal | have pernmanently-lubricated or oilable sleeve-type or conbination
bal| and sl eeve-type bearings with vibration isolating nountings suitable
for continuous duty. Mdtor power consunption, shown in watts, at the fan
operating speed selected to neet the specified capacity shall not exceed
the foll owi ng val ues:
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Free Di scharge Mtors

Unit Capacity (cfm Maxi mum Power Consunption (Watts)
115V 230V 277V
200 70 110 90
300 100 110 110
400 170 150 150
600 180 210 220
800 240 240 230
1000 310 250 270
1200 440 400 440

High Static Mtors

Unit Capacity (cfm Maxi mum Power Consunption (Watts)
200 145
300 145
400 210
600 320
800 320
1000 530
1200 530

2.11.2 Reheat Units

El ectric Resistance Heaters: Electric resistance heaters shall be provided
integral with the fan coil units and shall consist of a nickel-chrom um
resi stor mounted on refractory material and a steel or alumnumfrane for
attachment to ductwork. Electric duct heater shall mneet the requirenment of
Underwriters Laboratories and NFPA 70 and shall be provided with a built-in
or surface-mounted high-limt thernostat. Electric duct heaters shall be
interlocked electrically so that heaters cannot be energized unless the fan
i s running.

2.12 FACTORY PAI NTI NG

Units which are not of gal vani zed construction according to ASTM A 123/ A
123M or ASTM A 924/ A 924M shall be factory painted with a corrosion
resisting paint finish. Internal and external ferrous netal surfaces shal
be cl eaned, phosphatized and coated with a paint finish which has been
tested according to ASTM B 117, ASTM D 1654, and ASTM D 3359. Evi dence of
sati sfactory paint performance for a mni mum of 125 hours for units to be
installed indoors and 500 hours for units to be installed outdoors shall be
submtted. Rating of failure at the scribe mark shall be not |ess than 6,
average creepage not greater than 1/8 inch. Rating of the inscribed area
shall not be less than 10, no failure. On units constructed of gal vani zed
steel which have been wel ded, exterior surfaces of welds or welds that have
burned through fromthe interior shall receive a final shop docket of
zinc-rich protective paint according to ASTM D 520 Type |

PART 3 EXECUTI ON

3.1 | NSTALLATI ON
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Work shall be installed as shown and according to the manufacturer's
di agrams and reconmmendati ons.

3.1.1 Pi pi ng

Pipe and fitting installation shall conformto the requirenments of ASME
B31.1. Pipe shall be cut accurately to neasurenents established at the
jobsite, and worked into place w thout springing or forcing, conpletely
clearing all w ndows, doors, and other openings. Cutting or other
weakeni ng of the building structure to facilitate piping installation wll
not be permtted without witten approval. Pipe or tubing shall be cut
square, shall have burrs renoved by ream ng, and shall permt free
expansi on and contraction w thout causing damage to the building structure,
pi pe, joints, or hangers. Changes in direction shall be nade with
fittings, except that bending of pipe 4 inches and smaller will be
permtted, provided a pipe bender is used and wi de sweep bends are forned.
The centerline radius of bends shall not be less than 6 dianmeters of the
pi pe. Bent pipe showi ng kinks, winkles, flattening, or other

mal formations will not be accepted. Horizontal supply mains shall pitch
down in the direction of flow as indicated. The grade shall be not |ess
than 1 inch in 40 feet. Reducing fittings shall be used for changes in
pi pe sizes. Open ends of pipelines and equi pment shall be capped or

pl ugged during installation to keep dirt or other foreign materials out of
the system Pipe not otherw se specified shall be uncoated. Connections
to appliances shall be nade with malleable iron unions for steel pipe 2-1/2
inch or less in dianeter, and with flanges for pipe 3 inches and | arger
Connecti ons between ferrous and copper piping shall be electrically

i sol ated fromeach other with dielectric unions or flanges. All piping
located in air plenuns shall conformto NFPA 90A requirements. Pipe and
fittings installed in inaccessible conduits or trenches under concrete
floor slabs shall be wel ded.

3.1.1.1 Joints

a. Threaded Joints: Threaded joints shall be made with tapered
threads and made tight with a stiff mxture of graphite and oil or
pol ytetrafl uoroethyl ene tape or equival ent thread joint conpound
or material, applied to the nale threads only.

b. Soldered Joints: Joints in copper tubing shall be cut square wth
ends reanmed, and all filings and dust wi ped frominterior of pipe.
Joints shall be soldered with 95/5 solder or brazed with silver
sol der applied and drawn through the full fitting length. Care
shal |l be taken to prevent annealing of tube or fittings when
maki ng connections. Joints 2-1/2 inch and larger shall be made
with heat uniformly around the entire circunference of the joint
with a multi-flanme torch. Connections in floor slabs shall be
brazed. Excess solder shall be w ped fromjoint before sol der
hardens. Sol der flux shall be liquid or paste form non-corrosive
and conformto ASTM B 813.

c. Welded Joints: Wlding shall be according to qualified procedures
using qualified welders and wel di ng operators. Procedures and
wel ders shall be qualified according to ASME BPV | X. Wl ding
procedures qualified by others and wel ders and wel di ng operators
qual i fied by another operator nmay be permitted by ASME B31.1. Al
wel ds shall be permanently identified by inprinting the welder's
or wel ding operator's assigned synbol adjacent to the weld.
Wel ded joints shall be fusion welded unl ess ot herw se required.
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Changes in direction of piping shall be made with wel ding fittings
only; mtering or notching pipe to formelbows and tees or other
simlar type construction will not be permitted. Branch
connections may be made with either welding tees or branch outl et
fittings. Branch outlet fittings shall be forged, flared for

i mprovenent of flow where attached to the run, and reinforced

agai nst external strains. Beveling, alignment, heat treatnment and
i nspection of weld shall conformto ASME B31.1. Weld defects
shal |l be renoved and repairs made to the weld, or the weld joints
shall be entirely removed and rewel ded. Electrodes shall be
stored and dried according to AW5 D1.1 or as recommended by the
manuf acturer. Electrodes that have been wetted or that have | ost
any of their coating shall not be used.

3.1.1. 2 Grooved Mechani cal Joints

Grooves shall be prepared according to the coupling manufacturer's
instructions. Pipe and groove dinmensions shall comply with the tol erances
specified by the coupling manufacturer. The dianeter of grooves nmde in
the field shall be neasured using a "go/no-go" gauge, vernier or dia
caliper, or narrowland micrometer. Goove width and di mensi on of groove
fromend of pipe shall be measured and recorded for each change in grooving
tool setup to verify conpliance with coupling manufacturer's tol erances.
Grooved joints shall not be used in conceal ed | ocati ons.

3.1.1.3 Fl anges and Uni ons

Except where copper tubing is used, union or flanged joints shall be
provided in each line inmedi ately preceding the connection to each piece of
equi prent or material requiring maintenance such as coils, punps, contro
val ves, and other simlar itens.

3.1.2 Supports
3.1.2.1 CGener a

Hangers used to support piping 2 inches and | arger shall be fabricated to
permt adequate adjustment after erection while still supporting the |oad.
Pi pe gui des and anchors shall be installed to keep pipes in accurate
alignment, to direct the expansion novenment, and to prevent buckli ng,

swayi ng, and undue strain. Piping subjected to vertical novenent when
operating tenperatures exceed anbient tenperatures shall be supported by
vari abl e spring hangers and supports or by constant support hangers.
Contractor shall be responsible to provide the flexibility in the lines to
account for thermal expansion.

3.1.2.2 Sei sm ¢ Requirenents (Pipe Supports and Structural Bracing)

Pi pi ng and attached val ves shall be supported and braced to resist seisnmc
| oads as specified under Section 15070 SEI SM C PROTECTI ON FOR MECHANI CAL
EQUI PMENT. Structural steel required for reinforcement to properly support
pi pi ng, headers, and equi pnent but not shown shall be provided under this
secti on.

3.1.2.3 Pi pe Hangers, Inserts and Supports

Pi pe hangers, inserts, and supports shall conformto MSS SP-58 and MSS SP-69,
except as nodified herein. Types 5, 12, and 26 shall not be used.
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3.

Hangers: Type 3 shall not be used on insul ated piping.

Inserts: Type 18 inserts shall be secured to concrete forns
before concrete is placed. Continuous inserts which allow nore
adj ustment may be used if they otherwi se neet the requirenents for
Type 18 inserts.

C-Canps: Type 19 and 23 C-clanmps shall be torqued per MSS SP-69
and have both | ocknuts and retaining devices, furnished by the
manuf acturer. Field-fabricated C clanmp bodies or retaining

devi ces are not acceptabl e.

Angl e Attachnents: Type 20 attachnents used on angl es and
channel s shall be furnished with an added nal | eabl e-iron hee
pl ate or adapter.

Hangers: Type 24 may be used only on trapeze hanger systenms or on
fabricated franes.

Type 39 saddl es shall be used on all insulated pipe 4 inches and
| arger when the tenperature of the mediumis above 60 degrees F
Type 39 saddl es shall be welded to the pipe.

Type 40 shields shall
(1) be used on all insulated pipes |ess than 4 inches.

(2) be used on all insulated pipes 4 inches and | arger when the
tenmperature of the nediumis 60 degrees or |ess.

(3) have a high density insert for pipe 2 inches and | arger, and
for smaller pipe when the insulation shows signs of being visibly
conpressed, or when the insulation or jacket shows visible signs
of distortion at or near the type 40 shield. High density inserts
shall have a density of 9 pcf or greater

Hori zontal Pipe Supports: Horizontal pipe supports shall be

spaced as specified in MSS SP-69 and a support shall be installed
not over 1 foot fromthe pipe fitting joint at each change in
direction of the piping. Pipe supports shall be spaced not over 5
feet apart at valves. Pipe hanger |oads suspended from stee

joist with hanger | oads between panel points in excess of 50 pounds
shal | have the excess hanger | oads suspended from panel points.

Vertical Pipe Supports: Vertical pipe shall be supported at each
floor, except at slab-on-grade, and at intervals of not nore than
15 feet, not nore than 8 feet fromend of risers, and at vent
term nations.

Insul ated Pipe: Insulation on horizontal pipe shall be continuous
t hrough hangers for hot and cold piping. Oher requirements on

i nsul ated pipe are specified in Section 15080 THERMAL | NSULATI ON
FOR MECHANI CAL SYSTEMS.

Anchors

Anchors shall be provided wherever necessary or indicated to |ocalize
expansi on or to prevent undue strain on piping. Anchors shall consist of
heavy steel collars with lugs and bolts for clanping and attachi ng anchor
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braces, unless otherw se indicated. Anchor braces shall be installed in
the nost effective nmanner to secure the desired results using turnbuckles
where required. Supports, anchors, or stays shall not be attached where
they will injure the structure or adjacent construction during installation
or by the weight of expansion of the pipeline.

3.1. 4 Pi pe Sl eeves

Sl eeves shall not be installed in structural menbers except where indicated
or approved. Rectangular and square openings shall be as detailed. Each
sl eeve shall extend through its respective wall, floor, or roof, and shal
be cut flush with each surface. Pipes passing through concrete or masonry
wal | or concrete floors or roofs shall be provided with pipe sleeves fitted
into place at the tine of construction. Unless otherw se indicated,

sl eeves shall provide a mnimmof 1/4 inch all-around cl earance between
bare pi pe and sl eeves or between jacket over insulation and sl eeves.

Sl eeves in bearing walls, waterproofing menbrane floors, and wet areas
shal |l be steel pipe or cast iron pipe. Sleeves in non-bearing walls,
floors, or ceilings may be steel pipe, cast iron pipe, galvanized sheet
nmetal with | ock-type | ongitudinal seam and of the nmetal thickness

i ndi cated, or noisture resistant fiber or plastic. Except in pipe chases
or interior walls, the annul ar space between pipe and sl eeve or between
jacket over insulation and sleeve, in non-fire rated walls, shall be seal ed
as indicated and specified in Section 07900 JO NT SEALING  Pi pes passing

t hrough wal | wat er proofi ng nenbrane shall be sl eeved as specified above,
and a waterproofing clanmping flange shall be installed as indicated.

3.1.4.1 Roof and Fl oor Sl eeves

Pi pes passing through roof or floor waterproofing nmenbrane shall be
installed through a 17-ounce copper sleeve or a 0.032 inch thick alum num
sl eeve, each within an integral skirt or flange. Flashing sleeve shall be
suitably formed, and skirt or flange shall extend not |ess than 8 inches
fromthe pipe and shall be set over the roof or floor nmenbrane in a
trowel ed coating of bitum nous cenment. Unless otherw se shown, the
flashing sl eeve shall extend up the pipe a mnimum of 2 inches above

hi ghest floor level or a mnimmof 10 inches above the roof. The annul ar
space between the flashing sl eeve and the bare pipe or between the flashing
sl eeve and the netal -jacket-covered insulation shall be seal ed as

i ndicated. Pipes up to and including 10 inches in dianmeter passing through
roof or floor waterproofing nenbrane may be installed through a cast iron
sl eeve with caul king recess, anchor lugs, flashing clanp device, and
pressure ring with brass bolts. Waterproofing nmenbrane shall be cl anped
into place and seal ant shall be placed in the caul king recess. In lieu of
a wat erproofing clanmping flange and caul ki ng and seal i ng of annul ar space
bet ween pi pe and sl eeve or conduit and sl eeve, a nodul ar nechanical type
seal ing assenbly may be installed. Seals shall consist of interlocking
synthetic rubber |inks shaped to continuously fill the annular space

bet ween t he pi pe/conduit and sleeve with corrosion protected carbon stee
bolts, nuts, and pressure plates. Links shall be | oosely assenbled with
bolts to forma continuous rubber belt around the pipe with a pressure

pl ate 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 between the
pi pe/ conduit and the sleeve. Each seal assenbly shall be sized as
recommended by the manufacturer to fit the pipe/conduit and sl eeve invol ved.

3.1.4.2 Fire Sea
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Where pipes pass through firewalls, fire partitions, or floors, a fire sea
shal | be provided as specified in Section 07840 FlI RESTOPPI NG

3.1.4.3 Escut cheons

Escut cheons shall be provided at finished surfaces where exposed pi ping,
bare or insul ated, passes through floors, walls, or ceilings except in
boiler, utility, or equipnment roons. Where sleeves project slightly from
floors, special deep-type escutcheons shall be used. Escutcheons shall be
secured to pipe or pipe covering.

3.1.5 Condensate Drain Lines

Water seals shall be provided in the condensate drain fromall units. The
depth of each seal shall be 2 inches plus the nunber of inches, neasured in
wat er gauge, of the total static pressure rating of the unit to which the
drain is connected. Water seals shall be constructed of 2 tees and an
appropriate U-bend with the open end of each tee plugged. Pipe cap or plug
cl eanouts shall be provided where indicated. Drains indicated to connect
to the sanitary waste systemshall be connected by an indirect waste
fitting. Air conditioner drain lines shall be insulated as specified in
Secti on 15080 THERMAL | NSULATI ON FOR MECHANI CAL SYSTEMS.

3.1.6 Air Vents and Drains
3.1.6.1 Vent s

Air vents shall be provided at high points, on water coils, and where
i ndi cated to ensure adequate venting of the piping system

3.1.6.2 Dr ai ns

Drai ns shall be provided at | ow points and where indicated to ensure
conpl ete drainage of the piping. Drains shall be accessible, and shal
consi st of nipples and caps or plugged tees unless otherw se indicated.

3.1.7 Val ves

I solation gate or ball valves shall be installed on each side of each piece
of equi pmrent such as punps, heaters, heating or cooling coils, and other
simlar itens, at the nmidpoint of all |ooped nmains, and at any other points
i ndicated or required for draining, isolating, or sectionalizing purposes.

I sol ation val ves may be onitted where bal ancing cocks are installed to
provi de both bal ancing and isolation functions. Each valve except check
val ves shall be identified. Valves in horizontal |ines shall be installed
with stens horizontal or above.

3.1.8 Equi prent and Installation

Frames and supports shall be provided for tanks, conpressors, punps,

val ves, air handling units, fans, coils, dampers, and other similar itens
requiring supports. Air handling units shall be floor mounted or ceiling
hung, as indicated. The nmethod of anchoring and fastening shall be as
detail ed. Floor-nounted equi pnent, unless otherw se indicated, shall be
set on not |less than 6 inch concrete pads or curbs dowel ed in place.
Concrete foundations for circulating punps shall be heavy enough to
mnimze the intensity of the vibrations transmtted to the piping and the
surroundi ng structure, as reconmended in witing by the punp nanufacturer
In lieu of a concrete pad foundation, a concrete pedestal block wth
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i sol ators placed between the pedestal block and the floor nmay be provided.
The concrete foundati on or concrete pedestal bl ock shall be of a mass not
less than three tines the weight of the conponents to be supported. Lines
connected to the punmp nmounted on pedestal blocks shall be provided with
flexi bl e connectors. Foundation draw ngs, bolt-setting information, and
foundati on bolts shall be furnished prior to concrete foundation
construction for all equipnent indicated or required to have concrete
foundati ons. Concrete for foundations shall be as specified in Section
03307 CONCRETE FOR M NOR STRUCTURES

3.1.9 Access Panel s

Access panels shall be provided for conceal ed val ves, vents, controls,
danpers, and itens requiring inspection or maintenance. Access panels
shal |l be of sufficient size and |ocated so that the conceal ed itenms may be
servi ced and mai ntained or conpletely renbved and replaced. Access panels
shal |l be as specified in Section 05500 M SCELLANEQUS METALS.

3.1.10 Fl exi bl e Connectors

Pre-insul ated flexible connectors and flexible duct shall be attached to
ot her components in accordance with the latest printed instructions of the
manuf acturer to ensure a vapor tight joint. Hangers, when required to
suspend the connectors, shall be of the type recommended by the connector
or duct manufacturer and shall be provided at the intervals recomended.

3.1.11 Sl eeved and Franed Openi ngs

Space between the sleeved or framed opening and the duct or the duct

i nsul ation shall be packed as specified in Section 07840 FlI RESTOPPI NG for
fire rated penetrations. For non-fire rated penetrations, the space shal
be packed as specified in Section 07900 JO NT SEALI NG

3.1.12 Met al Duct wor k

Installati on shall be according to SMACNA HVAC Duct Const Stds unl ess

ot herwi se indicated. Duct supports for sheet netal ductwork shall be
according to SMACNA HVAC Duct Const Stds, unl ess otherw se specified.
Friction beam cl anps indicated in SMACNA HVAC Duct Const Stds shall not be
used. Risers on high velocity ducts shall be anchored in the center of the
vertical run to allow ends of riser to nove due to thernmal expansion
Supports on the risers shall allow free vertical noverment of the duct.
Supports shall be attached only to structural fram ng nenbers and concrete
sl abs. Supports shall not be anchored to netal decking unless a nmeans is
provi ded and approved for preventing the anchor from puncturing the netal
decki ng. Where supports are required between structural fram ng nenbers,
suitable internediate netal framing shall be provided. Were Cclanps are
used, retainer clips shall be provided.

3.1.13 Dust Contr ol

To prevent the accunul ation of dust, debris and foreign material during
construction, tenporary dust control protection shall be provided. The
di stribution system (supply and return) shall be protected with tenporary
seal -offs at all inlets and outlets at the end of each day's work.
Tenporary protection shall remain in place until systemis ready for
startup.

3.1.14 | nsul ati on
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Thi ckness and application of insulation naterials for ductwork, piping, and
equi prent shall be according to Section 15080 THERMAL | NSULATI ON FOR
MECHANI CAL SYSTEMS.

3.1.15 Duct Test Hol es

Hol es with closures or threaded holes with plugs shall be provided in ducts
and pl enuns as indicated or where necessary for the use of pitot tube in
bal ancing the air system Extensions, conplete with cap or plug, shall be
provi ded where the ducts are insul ated.

3.1.16 Power Transm ssion Conponents Adj ustnent

V-belts and sheaves shall be tested for proper alignment and tension prior
to operation and after 72 hours of operation at final speed. Belts on
drive side shall be uniformy | oaded, not bouncing. Alignment of direct
driven couplings shall be to within 50 percent of manufacturer's naximum
al | owabl e range of msalignment.

3.2 FI ELD PAI NTI NG AND COLCR CODE MARKI NG

Fini sh painting of items only prined at the factory, surfaces not
specifically noted otherw se, and col or code marking for piping shall be as
specified in Section 09900 PAINTING GENERAL.

3.3 Pl PI NG HYDROSTATI C TEST

After cleaning, water piping shall be hydrostatically tested at a pressure
equal to 150 percent of the total system operating pressure for period of
time sufficient to inspect every joint in the systemand in no case |ess
than 2 hours. Leaks shall be repaired and piping retested until test is
successful. No loss of pressure will be allowed. Leaks shall be repaired
by re-wel ding or replacing pipe or fittings. Caulking of joints will not
be permitted. Concealed and insulated piping shall be tested in place

bef ore covering or concealing.

3.4 CLEANI NG AND ADJUSTI NG

Pi pes shall be cleaned free of scale and thoroughly flushed of foreign
matter. A tenporary bypass shall be provided for water coils to prevent
flushing water from passing through coils. Strainers and val ves shall be

t horoughly cleaned. Prior to testing and bal ancing, air shall be renoved
fromwater systens by operating the air vents. Tenporary neasures, such as
pi ping the overflow fromvents to a collecting vessel shall be taken to
avoi d water damage during the venting process. Air vents shall be plugged
or capped after the system has been vented. Inside of roomfan-coil units,
ducts, plenuns, and casing shall be thoroughly cleaned of debris and bl own
free of snmall particles of rubbish and dust and then shall be vacuum

cl eaned before installing outlet faces. Equipnent shall be w ped cl ean,
with traces of oil, dust, dirt, or paint spots removed. Tenporary filters
shall be provided prior to startup of all fans that are operated during
construction, and new filters shall be installed after all construction
dirt has been renoved fromthe building, and the ducts, plenunms, casings,
and other itens specified have been vacuum cl eaned. System shall be

mai ntained in this clean condition until final acceptance. Bearings shal
be properly lubricated with oil or grease as recomrended by the

manuf acturer. Belts shall be tightened to proper tension. Control valves
and ot her m scel |l aneous equi prent requiring adjustment shall be adjusted to
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setting indicated or directed. Fans shall be adjusted to the speed
i ndi cated by the manufacturer to neet specified conditions.

3.5 TESTI NG, ADJUSTI NG, AND BALANCI NG

Testing, adjusting, and bal ancing shall be as specified in Section 15990
TESTI NG, ADJUSTI NG AND BALANCI NG OF HVAC SYSTEMS. Testing, adjusting, and
bal anci ng shall begin only when the air supply and distribution, including
controls, has been conpleted, with the exception of performance tests.

3.6 PERFORMANCE TESTS

After testing, adjusting, and bal anci ng has been conpl eted as specified,
each systemshall be tested as a whole to see that all itenms perform as
integral parts of the system and tenperatures and conditions are evenly
control | ed throughout the building. Corrections and adjustnents shall be
made as necessary to produce the conditions indicated or specified.
Capacity tests and general operating tests shall be conducted by an

experi enced engi neer. Tests shall cover a period of not |ess than 5 days
for each system and shall denpbnstrate that the entire systemis functioning
according to the specifications. Coincidental chart recordings shall be
made at points indicated on the drawings for the duration of the tine
peri od and shall record the tenperature at space thernpostats or space
sensors, the humdity at space humi di stats or space sensors and the anbient
tenperature and humdity in a shaded and weat her protected area.

3.7 FI ELD TRAI NI NG

The Contractor shall conduct a training course for operating and

mai nt enance personnel as designated by the Contracting Oficer. Training
shal | be provided for a period of 16 hours of nornmal working tine and shal
start after the systemis functionally conplete but prior to the
performance tests. The field instruction shall cover all of the itens
contained in the approved Operating and Mai ntenance Instructions.

-- End of Section --
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