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SECTI ON 13080

SEI SM C PROTECTI ON FOR M SCELLANECQUS EQUI PMENT
04/ 99

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.

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

ASTM A 36/ A 36M (1997a) Carbon Structural Steel

ASTM A 53 (1999) Pipe, Steel, Black and Hot- D pped,
Zi nc- Coat ed, Wl ded and Seanl ess

ASTM A 153/ A 153M (1998) Zinc Coating (Hot-Dip) on Iron and
St eel Hardware

ASTM A 307 (1997) Carbon Steel Bolts and Studs,
60, 000 PSI Tensile Strength

ASTM A 500 (1999) Col d- Forned Wl ded and Seanl ess
Carbon Steel Structural Tubing in Rounds
and Shapes

ASTM A 563 (1997) Carbon and Alloy Steel Nuts

ASTM A 572/ A 572M (1999) High-Strength Low Al l oy
Col unmbi um Vanadi um Structural Steel

ASTM A 603 (1998) Zinc-Coated Steel Structural Wre
Rope

ASTM A 653/ A 653M (1999) Steel Sheet, Zinc-Coated

(Gl vani zed) or Zinc-lron All oy-Coated
(Gl vanneal ed) by the Hot-Di p Process

ASTM E 488 (1996) Strength of Anchors in Concrete and
Masonry El ements

ASME | NTERNATI ONAL ( ASME)

ASME B18.2.1 (1996) Square and Hex Bolts and Screws
(I'nch Series)

ASME B18. 2.2 (1987; R 1999) Square and Hex Nuts (Inch
Seri es)

U S. ARW CORPS OF ENG NEERS ( USACE)

TI 809-04 (1998) Seismc Design for Buildings
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2  SYSTEM DESCRI PTI ON
2.1 CGeneral Requirenents

The requirenents for seismc protection neasures described in this section
shal |l be applied to the nechani cal equi pnent and systens outlined in
Section 15070 SEI SM C PROTECTI ON FOR MECHANI CAL EQUI PMENT, the el ectrical
equi prent and systens outlined in Section 16070 SEI SM C PROTECTI ON FOR
ELECTRI CAL EQUI PMENT, and the m scel | aneous equi pnent and systens |isted
bel ow. Seismc protection requirenents shall be in accordance with TI
809-04 and additional data furnished by the Contracting O ficer, and shal
be provided in addition to any other requirenents called for in other
sections of these specifications. The design for seisnmic protection shal
be based on a Seisnmic Use Goup | building occupancy and on site response
coefficients for S, = 0.14 and S, = 0.06. Resistance to lateral forces
i nduced by earthquakes shall be acconplished w thout consideration of
friction resulting fromgravity |oads. The basic force fornulas, for
Ground Motions A and B in Chapter 3 of TI 809-04, use the design spectra
response accel eration paraneters for the perfornance objective of the
bui | di ng, not for equipnent in the building; therefore, corresponding
adjustments to the formulas shall be required.

. 2.2 M scel | aneous Equi pnrent and Systens

The bracing for the follow ng niscellaneous equi pnent and systens shall be
devel oped by the Contractor in accordance with the requirements of this
speci fication:

St orage cabi nets Fur ni shi ngs
St orage Racks

Shel vi ng

Partitions

.3 SUBM TTALS

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

SD- 02 Shop Drawi ngs

Bracing; G EC
Resilient Vibration Isolation Devices; G EC
Equi prent Requirenments; G EC

Detail drawi ngs along with catalog cuts, tenplates, and erection
and installation details, as appropriate, for the itens |isted.
Submittals shall be conplete in detail; shall indicate thickness,
type, grade, class of netal, and di nensions; and shall show
construction details, reinforcenment, anchorage, and installation
with relation to the building construction. For equipnment and
systens in buildings that have a performance objective higher than
life-safety, the drawi ngs shall be stanped by the registered
engi neer who stanps the cal cul ations required above.

SD- 03 Product Data
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Bracing, G EC
Equi prent Requirenments; G EC

Copi es of the design calculations with the detail draw ngs.
Cal cul ati ons shall be stanped by a regi stered engi neer and shal
verify the capability of structural nmenbers to which bracing is
attached for carrying the |load fromthe brace.

1.4 EQU PMENT REQUI REMENTS
1.4.1 Ri gi dly Mounted Equi prent

Ri gi dly nounted equi pnent is defined as having a period of vibration of
0.06 seconds or less for the equipnment plus its mounting. Equipnent with a
fundamental period greater than 0.06 seconds shoul d be assuned to be
flexibly nmounted or nonrigid. R G DLY MOUNTED EQUI PMENT to be furni shed
under this contract shall be constructed and assenbled to wi thstand the
seismc forces specified in Tl 809-04, Chapter 10. For any rigid equipnent
which is rigidly attached on both sides of a building expansion joint,
flexible joints for piping, electrical conduit, etc., that are capable of
accommodat i ng di spl acenents equal to the full width of the joint in both
ort hogonal directions, shall be provided.

1.4.2 Nonrigid or Flexibly-Munted Equi prent
The follow ng specific items of equipment to be furnished: Flexibly
nmount ed shall be constructed and assenbled to resist a horizontal latera
force of 0.65 tines the operating weight of the equi pnent at the vertica
center of gravity of the equipnent.

PART 2 PRODUCTS

2.1 BOLTS AND NUTS
Squar ehead and hexhead bolts, and heavy hexagon nuts, ASME B18.2.1, ASME
B18.2.2, or ASTM A 307 for bolts and ASTM A 563 for nuts. Bolts and nuts
used underground and/ or exposed to weather shall be gal vani zed in
accordance with ASTM A 153/ A 153M

2.2 SWAY BRACI NG

Material used for nenbers listed in this section, shall be structural stee
conforming with the foll ow ng:

a. Plates, rods, and rolled shapes, ASTM A 36/A 36M |If the
Contractor does the design, both ASTM A 36/ A 36Mand ASTM A 572/ A
572M grade 503 will be all owed.

b. Wre rope, ASTM A 603.

c. Tubes, ASTM A 500, G ade B.

d. Pipes, ASTM A 53, Type E or S, Grade B

e. Light gauge angles, less than 6 nmthickness, ASTM A 653/ A 653M

PART 3 EXECUTI ON

13080- 4
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3.1 BRACI NG

Braci ng shall conformto the arrangenents shown. Trapeze-type hanger shal
be secured with not less than two 13 mm bolts.

3.2 BU LDI NG DRI FT

Sway braces for a piping run shall not be attached to two dissimlar
structural elenents of a building that may respond differentially during an
eart hquake unless a flexible joint is provided.

3.3 ANCHOR BOLTS
3.3.1 Cast -1 n-Pl ace

Fl oor or pad nounted equi pnent shall use cast-in-place anchor bolts, except
as specified below One nut shall be provided on each bolt. Anchor bolts
shall conformto ASTM A 307. Anchor bolts shall have an enbedded strai ght
l ength equal to at least 12 times nom nal dianmeter of the bolt. Anchor
bolts that exceed the normal depth of equi prment foundation piers or pads
shall either extend into concrete floor or the foundation shall be

i ncreased in depth to acconmodate bolt I|engths.

3.3.2 Expansi on or Chemically Bonded Anchors

Expansi on or chemically bonded anchors shall not be used unless test data
in accordance with ASTM E 488 has been provided to verify the adequacy of

t he specific anchor and application. Expansion or chemically bonded
anchors shall not be used to resist pull-out in overhead and wal
installations if the adhesive is manufactured with tenperature sensitive
epoxies and the location is accessible to a building fire. Expansion and
chemical |y bonded anchors shall be installed in accordance with the

manuf acturer's recommendations. The all owable forces shall be adjusted for
t he spaci ng between anchor bolts and the di stance between the anchor bolt
and the nearest edge, as specified by the manufacturer

3.3.2.1 Ceneral Testing

Expansi on and chem cally bonded anchors shall be tested in place after
installation. The tests shall occur not nore than 24 hours after
installation of the anchor and shall be conducted by an i ndependent testing
agency; testing shall be performed on random anchor bolts as descri bed

bel ow.

3.3.2.2 Torque Wench Testing

Torque wench testing shall be done on not |ess than 50 percent of the
total installed expansion anchors and at | east one anchor for every piece
of equi pnment containing nore than two anchors. The test torque shall equa
the mnimumrequired installation torque as required by the bolt

manuf acturer. Torque wenches shall be calibrated at the begi nning of each
day the torque tests are performed. Torque wenches shall be recalibrated
for each bolt dianmeter whenever tests are run on bolts of various

di anmeters. The applied torque shall be between 20 and 100 percent of
wrench capacity. The test torque shall be reached within one half turn of
the nut, except for 9 nm sleeve anchors which shall reach their torque by
one quarter turn of the nut. |If any anchor fails the test, sinilar anchors
not previously tested shall be tested until 20 consecutive anchors pass.

13080-5
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Fail ed anchors shall be retightened and retested to the specified torque;
if the anchor still fails the test it shall be repl aced.

.4 RESI LI ENT VI BRATI ON | SCLATI ON DEVI CES

Where the need for these devices is determ ned, based on the magnitude of
t he design seismc forces, selection of anchor bolts for vibration

i sol ati on devices and/or snubbers for equi pment base and foundations shal
foll ow the same procedure as in paragraph ANCHOR BOLTS, except that an
equi prent wei ght equal to five tines the actual equi pment wei ght shall be
used.

4.1 Resilient and Spring-Type Vibration Devices

Vi bration isolation devices shall be selected so that the maxi mum nbvenent
of equi pment fromthe static deflection point shall be 13 mm

.4.2 Mul ti directional Seismnm c Snubbers

Mul tidirectional seismc snubbers enpl oying elastonmeric pads shall be
installed on floor- or slab-nounted equipnent. These snubbers shal
provide 6 nm free vertical and horizontal nmovenent fromthe static

defl ection point. Snubber nmedium shall consist of nultiple pads of cotton
duct and neoprene or other suitable naterials arranged around a fl anged
steel trunnion so both horizontal and vertical forces are resisted by the
snubber medi um

.5 SWAY BRACES FOR PI PI NG

Transverse sway bracing for steel and copper pipe shall be provided at
intervals not to exceed those shown on the drawi ngs. Transverse sway
bracing for pipes of materials other than steel and copper shall be
provided at intervals not to exceed the hanger spacing as specified in
Section 15400 PLUMBI NG GENERAL PURPOSE. Bracing shall consist of at |east
one vertical angle 50 x 50 mm x 16 gauge and one di agonal angle of the
sane size.

.5.1 Longi t udi nal Sway Braci ng

Longi t udi nal sway bracing shall be provided in accordance with Section 15070
SEl SM C CONTROL FOR MECHANI CAL EQUI PMENT.

.5.2 Anchor Rods, Angles, and Bars

Anchor rods, angles, and bars shall be bolted to either pipe clanmps or pipe
flanges at one end and cast-in-place concrete or masonry insert or clip
angles bolted to the steel structure on the other end. Rods shall be solid
netal or pipe as specified below Anchor rods, angles, and bars shall not
exceed | engths given in the tabul ati on bel ow.

.5.3 Maxi mum Lengt h for Anchor Braces

Maxi mum

Lengt h*

Type Size (mllinmeters) (nmeters)
Angl es 38 x 38 x 6 1.5
50 x 50 x 6 2.0
64 x 38 x 6 2.5
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Maxi mum
Lengt h*
Type Size (mllimeters) (meters)
75 x 64 x 6 2.5
75 X 75 X 6 3.0
Rods 91 1.0
22 1.0
Fl at Bars 38 x 6 0.4
50 x 6 0.4
50 x 10 0.5
Pi pes (40s) 25 2.0
32 2.8
40 3.2
50 4.0
5.4 Bolts

Bolts used for attachment of anchors to pipe and structure shall be not
less than 13 mm di aneter

.6 EQUI PMENT SWAY BRACI NG
.6.1 Suspended Equi pnent and Light Fixtures

Equi prent sway bracing shall be provided for itens supported from overhead
floor or roof structural systens, including light fixtures. Braces shal
consi st of angles, rods, wire rope, bars, or pipes arranged as shown and
secured at both ends with not less than 13 mm bolts. Sufficient braces
shal | be provided for equipnent to resist a horizontal force equal to 0.65
times the wei ght of equi pment wthout exceeding safe working stress of
braci ng conponents. Details of equi prent bracing shall be submitted for
acceptance. In lieu of bracing with vertical supports, these itens may be
supported with hangers inclined at 45 degrees directed up and radi ally away
from equi prent and oriented symetrically in 90-degree intervals on the
hori zontal plane, bisecting the angles of each corner of the equipnent,
provi ded that supporting menbers are properly sized to support operating
wei ght of equi prent when hangers are inclined at a 45-degree angle.

.6.2 Fl oor or Pad Mounted Equi pnent

.6.2.1 Shear Resi stance

Fl oor mounted equi prent shall be bolted to the floor. Requirenents for the
nunber and installation of bolts to resist shear forces shall be in
accordance with paragraph ANCHOR BOLTS.

.6.2.2 Overturni ng Resi stance

The ratio of the overturning moment fromseismc forces to the resisting
nonent due to gravity |loads shall be used to determ ne if overturning
forces need to be considered in the sizing of anchor bolts. Calcul ations
shal |l be provided to verify the adequacy of the anchor bolts for conbined
shear and overturning.

-- End of Section --
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SECTI ON 13955A

AQUEQUS FI LM FORM NG FOAM ( AFFF) FI RE PROTECTI ON SYSTEM
12/ 01

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.

AVERI CAN NATI ONAL STANDARDS | NSTI TUTE (ANSI )

ANSI Al13.1 (1996) Schene for the ldentification of
Pi pi ng Systemns

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

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

ASTM A 193/ A 193M (2001a) Alloy-Steel and Stainless Steel
Bolting Materials for Hi gh-Tenperature
Service

ASTM A 312/ A 312M (2000) Seanl ess and Wl ded Austenitic

Stainl ess Steel Pipes

ASTM A 351/ A 351M (2000) Castings, Austenitic,
Austenitic-Ferritic (Duplex), for
Pressure-Contai ning Parts

ASTM A 403/ A 403M (2000) Wought Austenitic Stainless Steel
Pi ping Fittings

ASTM A 449 (2000) Quenched and Tenpered Steel Bolts
and St uds

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

ASTM A 53/ A 53M (2001) Pipe, Steel, Black and Hot- D pped,
Zi nc- Coat ed, Wl ded and Seanl ess

ASTM A 536 (1984; R 1999el) Ductile Iron Castings

ASTM A 795 (2000) Bl ack and Hot-Di pped Zi nc- Coat ed

(Gal vani zed) Wl ded and Seanl ess St eel
Pipe for Fire Protection Use

ASTM F 436M (1993) Hardened Steel Washers (Metric)
ASME | NTERNATI ONAL ( ASME)
ASME B16.1 (1998) Cast Iron Pipe Flanges and Fl anged
Fittings
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ASME B16. 3 (1998) Malleable Iron Threaded Fittings

ASME B16. 4 (1998) Gray Iron Threaded Fittings
FACTORY MUTUAL ENG NEERI NG AND RESEARCH (FM

FM P7825a (1998) Approval Guide Fire Protection
NATI ONAL FI RE PROTECTI ON ASSQOCI ATI ON ( NFPA)

NFPA 13 (1999) Installation of Sprinkler Systemns

NFPA 16 (1999) Installation of Deluge Foam Water
Sprinkl er and Foam Water Spray Systens

NFPA 16A (1994) Installation of C osed-Head
Foam Wat er Spri nkl er Systens

NATI ONAL | NSTI TUTE FOR CERTI FI CATI ON | N ENG NEERI NG TECHNOLOG ES
(NI CET)

NI CET 1014-7 (1995) Program Detail Manual for
Certification in the Field of Fire
Protecti on Engi neering Technol ogy (Field
Code 003) Subfield of Automatic Sprinkler
Syst em Layout

UNDERWRI TERS LABORATORI ES (UL)

UL Fire Prot Dir (1999) Fire Protection Equi pnent Directory

.2 SUBM TTALS

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

SD- 02 Shop Drawi ngs
AFFF Systens; G EC

Detail drawi ngs conforming to the requirenents prescribed in
NFPA 13; drawi ngs shall be 841 x 594 mm Drawi ngs shal | include
pl an and el evation views which establish that the equi pment will
fit the allotted spaces with clearance for installation and
mai nt enance. Each set of draw ngs shall include the follow ng:

c. Piping plan for each each nozzle system Nozzles and
associ ated pi ping shall be shown. Abbreviated presentation forms
will not be accepted. Each type of fitting used and the |ocations
of bushi ngs, reducing couplings, and wel ded joints shall be
identified. A separate plan shall be provided for each overhead
sprinkl er system and each nozzl e system
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d. Piping plan and isonmetric drawi ng of the AFFF concentrate
system and details of all associated valves, fittings, and ot her
conponent s.

i. Details of each type of pipe hanger, sway bracing for
ear t hquake protection.

As-built Drawings; G EC

One set of reproduci ble and six copies, within 14 cal endar days
after successful conpletion of required testing. A separate set
of approved subnittal drawi ngs of the overall system narked up to
i ndicate as-built conditions, shall be nmaintained on site. These
drawi ngs shall be mmintained in a current condition at all tines
and shall be nmde available for review i mediately upon request
during normal working hours. Variations fromthe approved
drawi ngs, for whatever reason, including those occasi oned by
nodi fi cations, change orders, optional materials, and/or required
for coordination between trades shall be indicated in sufficient
detail to accurately reflect the as-built conditions.

SD- 03 Product Data
Material s and Equi prent; G EC

Manuf acturer's catal og data for each separate piece of equi pnent
proposed for use in the system Data shall indicate the name of
t he manufacturer of each item of equi pnent, with data highlighted
to indicate nodel, size, options, etc. proposed for installation
In addition, a conplete equipnent |list with equipment description
nodel nunber, and quantity shall be provided.

Spare Parts; G EC

Spare parts data for each different itemof material and
equi prent specified. The data shall include a conplete |ist of
parts and supplies, with current unit prices and source of supply,
and a list of parts recommended by the manufacturer to be repl aced
after 1 year and 3 years of service. A list of special tools and
test equi pnment required for nmintenance and testing of the
products supplied by the Contractor shall be included.

Post - di scharge Test Requirements; G EC

Details of nmethod proposed for required tests at Fina

Acceptance, including step-by-step test procedures; |ist of
equi prent to be used; nanes, titles, and affiliations and
qualifications of personnel who will participate in the tests;

nmet hods for protecting the facility and equi prment during testing;
nmeans for containing the AFFF solution during discharge tests; and
proposed neans for disposal. Test plan shall include a draw ng
showi ng proposed nunber and arrangenent of fire hoses and nozzl es
proposed for use in testing foam proportioners. Blank fornms the
Contractor plans to use to record test results shall be included.
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SD- 06 Test Reports
Tests; G EC
Reports for tests, as follows:

a. Reports as outlined in NFPA 13 docunenting results of
flushing and hydrostatic tests.

b. Trip tests of alarmcheck and automatic water control val ves.

c. Test report of AFFF concentrate proportioning system

Report shall include all pressure readings and settings of punps,
pressure sustaining valves, relief valves and simlar system
conponents. Report shall include conductivity readings for foam

sampl es taken from each AFFF proportioner. Report shall be signed
by the factory-trained technical representative enployed by the
AFFF concentrate manufacturer.

d. Test report of the foam system control panel and initiating
and indicating devices. Report shall include a unique identifier
for each device with an indication of test results. Report shal
be signed by the factory-trained technician enployed by the
control panel manufacturer

e. Videotapes of tests specified to be recorded.

3 SUBM TTAL PREPARER S QUALI FI CATI ONS

The fire protection systemsubmttals, including as-built draw ngs, shal
be prepared by an individual who is either a registered professiona

engi neer with ten years experience designing AFFF systens or who is
certified as a Level |1V Technician by National Institute for Certification
i n Engi neering Technologies (NICET) in the Autonatic Sprinkler System
Layout subfield of Fire Protection Engi neering Technol ogy in accordance
with NI CET 1014-7.

.4 I NSTALLER' S QUALI FI CATI ONS

The installer shall be experienced and regularly engaged in the
installation of the type and conplexity of fire protection system i ncluded
inthis project. A statenent prior to submttal of any other data or

drawi ngs, that the proposed installer is regularly engaged in the
installation of the type and conplexity of systemincluded in this project
shall be provided. |In addition, data identifying the |ocations of at |east
three systens recently installed by the proposed installer which are
conparable to the system specified shall be submitted. Contractor shal
certify that each system has perforned satisfactorily, in the manner

i ntended, for a period of not |less than 6 nonths.

.5 REGULATORY REQUI REMENTS

The advi sory provisions of NFPA standards and recomended practices

speci fied shall be considered nandatory, as though the word "shall" had
been substituted for "shoul d" wherever it appears. 1In the event of a
conflict between referenced NFPA standards and this specification, this
specification shall govern. Reference to "authority having jurisdiction"
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shall be interpreted to nean the Contracting Oficer
PART 2 PRODUCTS
2.1  STANDARD PRODUCTS

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

regul arly engaged in the manufacture of such products and shall essentially
duplicate itenms that have been in satisfactory use for at |least 2 years
prior to bid opening.

2.2 REQUI REMENTS FOR FI RE PROTECTI ON SERVI CE

Al'l equi pment and material shall have been tested by Underwriters
Laboratories, and listed in UL Fire Prot Dir or approved by Factory Mitual
and listed in FM P7825a. Were the ternms "listed" or "approved" appear in
this specification, such shall mean listed in UL Fire Prot Dir or FM P7825a.
The omi ssion of these terns under the description of any item of equi prment
descri bed shall not be construed as waiving this requirenent.

2.3 PRESSURE RATI NGS

Val ves, fittings, couplings, proportioners, alarmswtches, strainers, and
simlar devices shall be rated for the maxi num working pressures that can
be experienced in the system but in no case |less than 1200 kPa

2.4 NAVEPLATES

Maj or conmponents of equi pment shall have the manufacturer's nane, address,
type or style, nodel or serial nunmber, and catal og nunber on a plate
permanently affixed to the item of equiprent.

2.5 ABOVEGROUND PI PI NG SYSTEMS HANDLI NG WATER OR AFFF SOLUTI ON
2.5.1 Pi pe

Pi pe shall be standard wei ght conforming to ASTM A 795 or ASTM A 53/ A 53M
Pi pe 150 mm diameter and snaller shall be Schedule 40. Pipe shall be
marked as to the brand or nane of the manufacturer, kind of pipe and the
ASTM desi gnation in accordance with the "Product Marking" provisions of the
ASTM st andar d.

2.5.2 Grooved Fittings and Couplings

Grooved fittings, couplings and bolts shall be provided by the same

manuf acturer. Fittings and couplings shall be malleable iron conplying
with ASTM A 47/ A 47M or ductile iron conplying with ASTM A 536. Couplings
shall be of the rigid type except that flexible type will be provided
where flexible joints are specifically required by NFPA 13. Coupling
gaskets shall be Grade E (EPDM approved for dry pipe fire protection
service. Casket shall be the flush type that fills the entire cavity

bet ween the coupling and the pipe. Nuts and bolts shall be heat-treated
steel conformng to ASTM A 183 and shall be cadm um pl ated or zinc

el ect r opl at ed.

2.5.3 Non- Grooved Fittings

Non- grooved fittings shall be threaded or flanged. Threaded fittings shal
be cast iron conformng to ASME B16.4 or nulleable iron conform ng to ASME
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B16.3. Flanged fittings shall be cast iron conform ng to ASVE B16. 1.
Fittings into which sprinklers, drop nipples or riser nipples (sprigs) are
screwed shall be threaded type. Plain-end fittings with mechanica
couplings, fittings which require drilling a hole in the pipe, and fittings
whi ch use steel gripping devices to bite into the pipe, shall not be used.

.5.4 Fl anges and Gaskets

Fl anges shall conformto NFPA 13 and ASME B16.1. Flanges shall be the type
that are wel ded or threaded to the pipe. Flanges which are bolted to
grooved pipe will not be permtted. Gaskets shall be full face type EPDM
or other approved naterial.

.5.4.1 Bolts

Bolts shall be ASTM A 449, Type 1. Bolts shall extend no |less than three
full threads beyond the nut with bolts tightened to the required torque.

.5.4.2 Nut s
Nuts shall be ASTM A 193/ A 193M G ade 5.
.5.4.3 Washer s

Washers shall neet the requirenents of ASTM F 436M. Flat circular washers
shal | be provided under all bolt heads and nuts.

.5.5 Pi pe Hangers

Hangers shall be listed in UL Fire Prot Dir or FM P7825a and be of the type
suitable for the application, construction and size pipe involved.

.5.6 Control Val ve

Unl ess ot herwi se indicated, valves shall be indicating type in accordance
with NFPA 13. Valves 65 mm and larger shall be flanged outside screw and
yoke (OS&Y) type.

.5.7 Check Val ve

Check valves 100 nm and | arger shall be flanged, swi ng type, cast or
ductile iron body and cover, cast or ductile iron clapper with repl aceabl e
EPDM rubber facing. Valves shall be suitable for either vertical or

hori zontal nounting and equi pped with a renovabl e handhol e cover. The
direction of flow shall be indicated by an arrow cast in the val ve body.
The val ve body shall include plugged pipe thread connections for a 50 mm
drai n.

.6 ABOVEGROUND PI PI NG SYSTEMS HANDLI NG AFFF CONCENTRATE

.6.1 Pi pe

Pi pe shall be standard wei ght stainless steel confornmng to ASTM A 312/ A
312M G ade TP 304L.

.6.2 Fittings

Seamnl ess socket weld type or flanged type fittings shall conformto ASTM A
403/ A 403M G ade WP 304L, and shall be conpatible with the pipe. G ooved
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type fittings and couplings shall be of Type 316 Stainless Steel conformng
to ASTM A 351/ A 351M

2.6.3 Pi pe Hangers

Hangers shall be listed in UL Fire Prot Dir or FM P7825a and be of the type
suitable for the application, construction and size pipe involved.

2.6.4 Control Val ves

Val ve shall be indicating type with full port ball and operating handle
that indicates the on/off position of the valve. Unit shall be socket weld
or flanged type. Valve body and ball shall be of 316 stainless stee
conplying with ASTM A 351/ A 351M The val ve handl e shall be provided with
a suitable and substantial means for securing the valve open with a

key- operat ed | ocki ng devi ce.

2.7  AFFF CONCENTRATE CONTROL VALVE ASSEMBLY

Assenbly shall be specifically designed and constructed to control AFFF
concentrate to proportioners and shall be arranged to open upon application
of water or AFFF solution pressure fromthe alarm check or automatic water
control valve to which it is connected. Valve shall be a listed or
approved automatic control valve specifically intended for this application
or a full port ball valve. Al'l components shall be constructed of brass,
bronze or stainless steel, except that the internal portions of listed or
approved fire protection val ves subjected to AFFF concentrate may be
provided with a coating warranted by the manufacturer to protect the valve
fromthe deleterious effects of the concentrate. Al conponents shall be
rated for working pressure of 1200 kPa or maxi num worki ng pressure to

whi ch they coul d be subjected, whichever is greater. Valve shall be
certified by the nmanufacturer to be operable with water inlet pressure as

| ow as 207 kPa . Val ve conponents shall be brass, bronze or stainless
steel .

2.8 VALVE SUPERVI SOCRY (TAMPER) SW TCH

Swi tch shall be designed to nonitor the open condition of each water or
AFFF concentrate control valve to which it is mounted. It shall include a
cast al um num housi ng, tanper proof cover, two sets of single pole, double
t hrow (SPDT) contacts and brackets and J-bolts needed for nounting.

Renoval of the cover shall cause both switches to operate.

PART 3 EXECUTI ON

3.1 | NSTALLATI ON

3.1.1 Abovegr ound Pi pi ng
Pi pi ng shall be installed straight and bear evenly on hangers and supports.

Preaction sprinkler systempiping shall be pitched as if it were being

installed in areas subject to freezing. Piping shall be concealed in areas
wi th suspended ceiling and shall be inspected, tested and approved before
bei ng conceal ed.

3.1.1.1 Joints
Pipe joints shall conformto NFPA 13. Not nore than four threads shal

show after joint is made up. Joint compound shall be applied to male
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threads only. Joints shall be faced true, provided with gaskets and nade
square and tight. Flanged joints or nechanical groove couplings shall be
provi ded where indicated or required by NFPA 13. G ooved pipe and fittings
shal |l be prepared in accordance with the manufacturer's |atest published
installation instructions. Al grooved couplings and fittings shall be
fromthe sane nanufacturer. G ooved joints shall not be used in conceal ed
| ocations, such as behind solid walls or ceilings, unless an access pane

is shown on the drawi ngs for servicing or adjusting the joint.

.1.1.2 Reducer s

Reductions in pipe sizes shall be nade wi th one-piece tapered reducing
fittings. The use of grooved-end or rubber-gasketed reduci ng couplings
will not be permitted. Wen standard fittings of the required size are not
manuf act ured, single bushings of the face type will be permtted. \Where
used, face bushings shall be installed with the outer face flush with the
face of the fitting opening being reduced. Bushings shall not be used in
el bow fittings, in nmore than one outlet of a tee, in nmore than two outlets
of a cross, or where the reduction in size is less than 13 nm.

.1.1.3 Sprinkler Riser N pples (Sprigs)

Ri ser nipples (sprigs) 25 nm in size between sprinkler branch |ines and

i ndi vidual sprinklers shall not be used unl ess necessitated by roof or
ceiling conditions. |In such cases, fittings shall not be installed between
the branch line tee and the reducing coupling below the sprinkler.

.1.1.4 Sprinkl er Deflectors

Sprinkler deflectors shall be installed parallel to the roof or ceiling.
Def |l ector di stances fromthe underside of the roof or ceiling shall be in
accordance with NFPA 13 except that in no case shall distance exceed 300 mm.
Sprinkl er clearances fromobstructions shall be in accordance with NFPA 13.

.1.1.5 Pi pe Supports and Hangers

Installati on nethods outlined in NFPA 13 are nmandatory. Protection of

pi pi ng agai nst damage from earthquakes shall be provided. Longitudinal and
| ateral sway bracing shall be provided for piping 65 mm dianeter and

| ar ger.

.1.1.6 Pi pe Penetrations

Cutting structural menbers for passage of pipes or for pipe-hanger
fastenings will not be permitted. Pipes penetrating concrete or masonry
wal I's or concrete floors shall be provided with pipe sleeves fitted into

pl ace at the tine of construction through its respective wall or floor, and
shall be cut flush with each surface. Sleeve sizes and cl earance between
pi pe and sl eeve shall be in accordance with NFPA 13. \Were pipes pass
through fire walls, fire partitions, or floors, a fire seal shall be placed
bet ween t he pi pe and sleeve in accordance with Section 07840A FlI RESTOPPI NG

.1.1.7 Pi pi ng Pitch
Pi pi ng shall be pitched to the nain drain or to auxiliary drains provided
as required to facilitate draining. Branch lines shall be pitched at | east

4 mmin 1 m and crossmains and feednmai ns shall be pitched to at |least 2 mm
inlm.
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3.1.1.8 Escut cheons

Escut cheons shall be provided at finished surfaces where exposed piping
passes through floors, walls, or ceilings except in boiler, utility, or
equi prent rooms. Escutcheons shall be fastened securely to pipe and shal
be chromiumplated iron or chrom umpl ated brass, either one-piece or
split-pattern, held in place by internal spring tension or setscrew.

3.1.1.9 Dr ai ns

Mai n drain piping shall be provided to di scharge at safe points outside
each building. Drains shall be of adequate size to readily receive the
full flow fromeach drain under naximum pressure. Auxiliary drains shal

be provided as required by NFPA 13 except that drain valves shall be used
where drain plugs are otherwi se pernmitted. Were branch lines term nate at
| ow points and formtrapped sections, such branch lines shall be nanifol ded
to a common drain line. Each drain valve shall be provided with a neta
sign identifying the type of drain connection or function of the valve.

3.1.1.10 I dentification Signs

Signs shall be in accordance with NFPA 13. Properly lettered and approved
nmetal signs shall be suitably affixed to each control valve, inspector test
valve, main drain, auxiliary drain, test valve, and simlar valves as
appropri ate.

3.2 Pl PE PAI NTI NG AND LABELI NG
3.2.1 Pai nti ng

Bl ack steel pipe shall be painted in accordance with the requirenents
speci fied under SECTI ON 09900 PAI NTI NG GENERAL. Pipe in equipnent roons
shall be painted red. Pipe in other areas shall be painted to match
finishes in those areas. Stainless steel pipe shall not be painted.

3.2.2 Pi pe Identification

Aboveground pipe 50 mm dianeter and |arger shall be identified with

| egends. Legends shall include FOAM CONCENTRATE, FOAM WATER SPRI NKLER,
FOAM WATER NOZZLE, and FI RE PROTECTI ON WATER. Legends shall utilize WH TE
letters on a RED color field and shall include arrows to indicate the
direction of flow Length of color field, letter size and |ocations on

pi pi ng shall be as reconmended in ANSI A13.1.

3.3 PRELI M NARY TESTS

Tests shall be performed to make adjustnments in the fire protection system
operation and to verify that the systemw |l function as intended and that
it is ready for service. Such tests shall include all conponents and
subsystenms. Test results shall be clearly docunmented and included with the
witten request for Final Test.

3.3.1 Hydrostatic Tests
The AFFF concentrate pipe shall be hydrostatically tested in accordance
with NFPA 13 at not |ess than 1379 kPa , or 345 kPa in excess of maximm

system operating pressure, for 2 hours. There shall be no visible | eakage
fromthe piping when the systemis subjected to the hydrostatic test.
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3.2 Al arm Check and Automatic Water Control Val ves

Each val ve shall be tested to verify operation in accordance with
manuf acturer's published operating instructions. This shall include tests
of valves and swi tches connected thereto.

.3.3 Nozzl es

Nozzl es shall be discharge tested for proper operation and coverage.
Gscillating nozzles shall be operated to verify that angle of elevation
angl e of oscillation, and di scharge range, are in accordance with

requi renents.

.3.4 AFFF Concentrate System

Tests shall be conducted under the supervision of a technica

representative enployed by the AFFF concentrate nmanufacturer. The

conpl ete AFFF concentrate system shall be adjusted and tested to assure
proper operation. Test results, including all pressure settings and

readi ngs, shall be recorded on an appropriate test form signed and dated by
manuf acturer's representative certifying that the systemis in conpliance
with contract requirenents and the manufacturer's recomended practices.
Testing shall include, but not be limted to, the foll ow ng:

c. Collection of AFFF sanples and testing with a conductivity meter
to verify proportioning accuracy.

f. Oher operational checks recomrended by the AFFF proportioner
manuf act urer.

.3.5 Control System Tests

Tests shall be conducted under the supervision of a factory-trained
representative of the control panel manufacturer. The electrical contro
system shall be tested to verify that the control panel and all wring have
been installed correctly and that all conponents function as intended.
Tests shall be conducted using normal operating and battery power. Testing
shal | include, but not be limted to, each of the foll ow ng:

a. Alarminitiating circuit and device. This shall include heat
detectors, manual actuation stations, waterfl ow and pressure
swi tches, and simlar devices connected to the control panel

b. Supervisory circuit and device. This shall include valve
supervi sory (tamper) sw tches, punp power circuits, punp running,
low liquid level in foamconcentrate tank, and simlar circuits
and devi ces.

c. Actuation circuit and device. This shall include circuits to
automatic water control valves, foam concentrate punps, fire
punps, and sinmilar circuits related to system activati on.

d. Annunciator lanp and notification appliance. This shall include
bells, horns, electronic signaling, and sim|ar devices.

4 FI NAL TEST

4.1 Requi renent s
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The Final Test shall be a repeat of Prelimnary Tests, except that flushing
and hydrostatic tests shall not be repeated. In addition, the system shal
be automatically actuated and all owed to discharge for a period of at |east
one mnute prior to shutting the systemoff. The Contractor shall correct
system failures and other deficiencies identified during testing and shal
retest portions of the systemaffected by the required corrections.

3.4.1.1 Pretest Requirenents

The systemwi ||l be considered ready for final testing only after the
foll owi ng have been acconpli shed.

a. The required test plan has been submtted and approved.

b. Prelimnary tests have been nmade and deficiencies determned to
have been corrected to the satisfaction of the equi pnent
manuf acturer's technical representatives and the Contracting
Oficer.

c. Test reports, including the required videotape of the prelimnary
tests, have been submitted and approved.

d. The control panels and detection systens shall have been in
service for a break-in period of at |east 14 consecutive days
prior to the final test.

e. The Contractor has provided witten notification to the
Contracting Officer, at least 21 days prior to date of Final Test,
that prelimnary tests have been successfully conpl et ed.

3.4.1.2 Vi deot api ng

Contractor shall videotape the tests in VHS format and shall record the
date and time-lapse, in seconds, fromstart to finish of each portion of
the test as directed by the Contracting Oficer. Four copies of the tape
shall be submitted before the systemw ||l be considered accepted.

3.4.1.3 Manuf acturer's Servi ces

Experienced technicians regularly enployed by the Contractor in the
installation of the systemand nanufacturer's representative referred to
el sewhere in this specification shall conduct the testing.

3.4.1.4 Mat eri al s and Equi prent

Contractor shall provide AFFF concentrate, gauges, AFFF sanple collection
apparatus, instrunents, hose, personnel, elevating platforms, scaffolding,
| adders, appliances and any other equi pnent necessary to fulfill testing
requi renents specified.

3.4.1.5 Facility and Environnental Protection

Contractor shall provide protection for the facility, including electrica
and nechani cal equi pnent exposed to possi ble danmage during di scharge tests.
This shall include provision of sandbags or simlar neans for preventing

m gration of foamsolution into adjacent areas. Tenporary measures shal
be provided to prevent AFFF solution fromentering stormdrains, sanitary
sewers, drainage ditches, streans and other water sources. Discharged AFFF
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shal | be contained on paved surfaces and shall not be allowed to cone in
contact with the earth.

.4.2 Control System Tests

Qperational features of the control systemshall be tested and
denonstrated. This shall include testing of control panels and each input
and output circuit. Tests of circuits shall include actuation and
simulated circuit fault at each initiating, notification, supervisory and
actuation device or appliance. As a practical matter, these tests shall be
a repeat of prelimnary tests required under paragraph PRELI M NARY TESTS

. 4.3 AFFF Proportioning System Tests

Each AFFF proportioner (ratio controller) shall be flowtested to determn ne
t hat proportioning accuracy is within specified limts. Each proportioner
supplying sprinkler systems with closed heads shall be tested at two flow
rates; the mininumflow rate specified in the manufacturer's published data
and a flowrate at least four times the mninum Each proportioner

suppl ying a deluge systemor a nozzle systemshall be tested at the design
flowrate. Collecting AFFF sanples from each proportioner shall be
acconpl i shed in accordance with NFPA 16, NFPA 16A and the approved test

pl an. Foam sol ution concentrations shall be determ ned using the mnethods
outlined in NFPA 16 and NFPA 16A. Proportioning for nominal 3 percent
concentrate shall be between 3 percent and 4 percent. |If test results

i ndi cate proportioning bel ow or above this range, the Contractor shall nake
necessary adjustments and retest as directed by the Contracting O ficer

4.4 Post - di scharge Test Requiremnents

Fol | owi ng the successful conpletion of the tests, the Contractor shal
renove the foamsolution fromthe site as indicated on the approved AFFF
wast e cont ai nnent and di sposal plan. Contractor shall replenish AFFF
concentrate consuned during the tests. The entire fire protection system
shall be returned to automatic operation and the facility restored to
operational capability. Discharged solution shall be contained and

di sposed of in a nmanner acceptable to |ocal authorities and as identified
on the approved test plan. Once tests are conpleted, systens shall be

returned to fully operational status, including filling of AFFF concentrate
tanks with concentrate and filling of solution piping with prem x as
required.

-- End of Section --
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SECTI ON 15070A

AT/ FORCE PROTECTI ON FOR MECHANI CAL EQUI PMENT

PART 1 GENERAL

1

1 REFERENCES (Not Appli cabl e)

.2 SYSTEM DESCRI PTI ON

2.1 CGeneral Requirenents

The requirenents for AT/ Force protection measures described in this section
shal |l be applied to the nechanical equipnent and systens |isted bel ow.
These requirments do not need to be applied to nmechanical equi pnent |ocated
in mechanical, electrical, or conmunications roons. Structural requirenents
shall be in accordance with Section 13080 AT/ FORCE PROTECTI ON FOR

M SCELLANEQUS EQUI PMENT

. 2.2 Mechani cal Equi prent

Mechani cal equi prent to be AT/ Force protected shall include the foll ow ng
items to the extent required on the drawings or in other sections of these
speci fications:

Pi pi ng and suspended nechani cal equpnent.

. 2.3 Mechani cal Systens

The foll owi ng nechani cal systens shall be installed as required on the
drawi ngs and ot her sections of these specifications and shall be AT/ Force
protected in accordance with this specification

Al'l Piping and suspended equi pnent inside the building Except as
Specifically Stated Bel ow Under "ltems Not Covered By This
Section".

. 2.4 Br aci ng

Braci ng shall be provided according to the details on the contract draw ngs
and in accordance with the specifications.

.2.5 Itens Not Covered By This Section

.2.5.1 Fire Protection Systens

AT/ Force protection of piping for fire protection systens shall be
installed as specified in 13930A WET Pl PE SPRI NKLER SYSTEM FI RE PROTECTI ON

.2.5.2 Itens Requiring No AT/ Force Restraints

AT/ Force restraints are not required for the follow ng itens:

a. Gas piping less than 25 nm inside dianeter
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b. Piping in boiler and mechani cal equipnent roons |ess than 32 nm
i nsi de dianeter.

c. Al other piping less than 64 mm inside dianeter

d. Rectangular air handling ducts |less than 0.56 square neters in
cross sectional area.

e. Round air handling ducts less than 711 nm in dianeter

f. Piping suspended by individual hangers 300 mm or less in length
fromthe top of pipe to the bottomof the supporting structura
nmenber where the hanger is attached, except as noted bel ow

g. Ducts suspended by hangers 300 nm or less in length fromthe top
of the duct to the bottom of the supporting structural menber,
except as noted bel ow.

In exenptions f. and g. all hangers shall neet the Ilength requirenments. |If
the I ength requirement is exceeded by one hanger in the run, the entire run
shal |l be braced. Interior piping and ducts not |isted above shall be

AT/ Force protected in accordance with the provisions of this specification.

1.3 SUBM TTALS

Covernment approval is required for submittals with a "G' designation;
submttals 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
Braci ng; G EC.

Detail drawi ngs along with catalog cuts, tenplates, and erection
and installation details, as appropriate, for the itens |isted.
Submittals shall be conplete in detail; shall indicate thickness,
type, grade, class of netal, and di nensions; and shall show
construction details, reinforcenment, anchorage, and installation
with relation to the building construction

PART 2 PRODUCTS
2.1 SWAY BRACI NG MATERI ALS

Sway bracing nmaterials (e.g. rods, plates, rope, angles, etc.) shall be as
specified in Section 13080 AT/ FORCE PROTECTI ON FOR M SCELLANEQUS EQUI PMENT.

PART 3 EXECUTI ON

3.1 [Enter Appropriate Subpart Title Here] 3.2 [ Enter Appropriate Subpart
Title Here]

3.3  SPREADERS

Spreaders shall be provi ded between adjacent piping runs to prevent contact
during AT/ Force activity whenever pipe or insulated pipe surfaces are |ess
than 100 nm apart. Spreaders shall be applied at sane interval as sway

braces at an equal distance between the sway braces. |If rack type hangers
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are used where the pipes are restrained fromcontact by nounting to the
rack, spreaders are not required for pipes nmounted in the rack. Spreaders
shall be applied to surface of bare pipe and over insulation on insulated
pi pes utilizing high-density inserts and pipe protection shields in
accordance with the requirements of Section 15080A THERMAL | NSULATI ON FOR
MECHANI CAL SYSTEMS.

.4 SWAY BRACES FCR PI PI NG

Sway braces shall be provided to prevent novenment of the pipes under

AT/ Force | oading. Braces shall be provided in both the |ongitudinal and
transverse directions, relative to the axis of the pipe. The bracing shal
not interfere with thernmal expansion requirenents for the pipes as
described in other sections of these specifications.

4.1 Transverse Sway Bracing

Transverse sway bracing for steel and copper pipe shall be provided as
specified in Section 13080 AT/ FORCE PROTECTI ON FOR M SCELLANEQUS EQUI PMENT.
Al runs (length of pipe between end joints) shall have a m ni mum of two
transverse braces. Transverse sway bracing for pipes of materials other

than steel and copper shall be provided at intervals not to exceed the
hanger spacing as specified in Section 15400A PLUVBI NG GENERAL PURPOCSE

4.2 Longi t udi nal Sway Braci ng

Longi t udi nal sway bracing shall be provided at 12 m intervals unless
otherwi se indicated. Al runs (length of pipe between end joints) shal
have one | ongitudi nal brace m nimum Sway braces shall be constructed in
accordance with the drawings. Branch lines, walls, or floors shall not be
used as sway braces.

.4.3 Vertical Runs

Run is defined as | ength of pipe between end joints. Vertical runs of

pi pi ng shall be braced at not nmore than 3 m vertical intervals. Braces
for vertical runs shall be above the center of gravity of the segment being
braced. Al sway braces shall be constructed in accordance with the

drawi ngs. Sway branches shall not be connected to branch lines, walls, or
floors.

4.4 G anmps and Hangers

Cl anps or hangers on uni nsul ated pi pes shall be applied directly to pipe.
I nsul at ed pi pi ng shall have clanps or hangers applied over insulation in
accordance with Section 15080A THERMAL | NSULATI ON FOR MECHANI CAL SYSTENMS

-- End of Section --
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SECTI ON 15569A

WATER AND STEAM HEATING O L, GAS OR BOIH, UP TO 20 MBTUH
02/ 03

PART 1 GENERAL

1.

1 REFERENCES

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

ASTM | NTERNATI ONAL ( ASTM

ASTM A 105/ A 105M (2001) Carbon Steel Forgings for Piping
Appl i cations

ASTM A 167 (1999) Stainless and Heat - Resi sting
Chrom um Ni ckel Steel Plate, Sheet, and
Strip

ASTM A 193/ A 193M (2001b) All oy-Steel and Stainless Steel
Bolting Materials for Hi gh-Tenperature
Service

ASTM A 234/ A 234M (2001a) Piping Fittings of Wought Carbon

Steel and Alloy Steel for Mderate and
Hi gh Tenperature Service

ASTM A 366/ A 366M (1997el) Steel, Sheet, Carbon,
Col d-Rol I ed, Conmercial Quality

ASTM A 515/ A 515M (2001) Pressure Vessel Plates, Carbon
Steel, for Intermediate- and
Hi gher - Tenper at ure Service

ASTM A 516/ A 516M (2001) Pressure Vessel Plates, Carbon
Steel, for Moderate- and Lower-Tenperature
Servi ce

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

Zi nc- Coat ed, Wl ded and Seani ess

ASTM A 653/ A 653M (2001a) Steel Sheet, Zinc-Coated
(Gl vani zed) or Zinc-lron All oy-Coated
(Gl vanneal ed) by the Hot-Di p Process

ASTM B 32 (2000) Sol der Metal
ASTM B 75M (1999) Seam ess Copper Tube (Metric)
ASTM B 813 (2000) Liquid and Paste Fluxes for

Sol dering of Copper and Copper Alloy Tube

ASTM B 828 (2000) Making Capillary Joints by
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Sol deri ng of Copper and Copper Alloy Tube
and Fittings

ASTM B 88 (1999e1) Seam ess Copper Water Tube
ASTM B 88M (1999) Seam ess Copper Water Tube (Metric)
ASTM F 1139 (1988; R 1998) Standard Specification for

Steam Traps and Drains
AMERI CAN WATER WORKS ASSQOCI ATI ON( AWMA)
AWM C606 (1997) G ooved and Shoul dered Joints
AMERI CAN VEELDI NG SOCI ETY ( AVB)

AWS A5. 8 (1992) Filler Metals for Brazing and Braze
Wl di ng

ASME | NTERNATI ONAL ( ASME)

ASME Bl1. 20.1 (1983; R 2001) Pipe Threads, Cenera
Pur pose, Inch

ASME B16. 11 (2001) Forged Fittings, Socket-Wlding and
Thr eaded

ASME B16. 15 (1985; R 1994) Cast Bronze Threaded
Fittings C asses 125 and 250

ASME B16. 18 (2001) Cast Copper Alloy Sol der Joint
Pressure Fittings

ASME B16. 21 (1992) Nonnetallic Flat Gaskets for Pipe
Fl anges

ASME B16. 22 (1995) Wought Copper and Copper All oy
Sol der Joint Pressure Fittings

ASME B16. 3 (1998) Malleable Iron Threaded Fittings

ASME B16. 39 (1998) Mall eable Iron Threaded Pi pe Unions

ASME B16. 4 (1998) Gray Iron Threaded Fittings

ASME B16.5 (1996) Pipe Flanges and Fl anged Fittings

ASME B16.9 (2001) Factory-Made Wought Stee
Buttwel ding Fittings

ASME B31.1 (2001) Power Piping

ASME B31.5 (2001) Refrigeration Piping and Heat

Transfer Conponents

ASME B40.1 (1991) Gauges - Pressure Indicating D a
Type - El astic El enment

ASME BPVC SEC |V (2001) Boiler and Pressure Vessel Code;
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Section IV, Rules for construction of
Heating Boilers
COPPER DEVELOPMENT ASSCOCI ATI ON ( CDA)
CDA A4015 (1994; R 1995) Copper Tube Handbook

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

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

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) Gray Iron Swi ng Check Val ves,
Fl anges and Threaded Ends

MSS 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

MSS SP- 85 (1994) Cast Iron d obe & Angle Val ves,

Fl anged and Threaded Ends
.2  SUBM TTALS

Covernment approval is required for submittals with a "G' designation;
submittals not having a "G' designation are for information only or as
ot herwi se desi gnated. Wen used, a designation followi ng the "G
designation identifies the office that will review the submttal for the
Government. The followi ng shall be submitted in accordance with Section
01330 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs

Piping Installation; G EC
Installation; G EC

Detail draw ngs consisting of equiprment |ayout including
installation details and electrical connection diagrans;
conbustion and safety control diagrans; ductwork | ayout show ng
the Il ocation of supports and hangers, typical hanger details,
gauge rei nforcenent, reinforcenent spacing rigidity
classification, and static pressure and seal classifications; and
pi pi ng | ayout showi ng the | ocation of guides and anchors, the | oad
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i mposed on each support or anchor (not required for radiant fl oor

tubi ng), and typical support details. Draw ngs shall include any
information required to denponstrate 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 ntenance.

SD- 03 Product Data
Materi al s and Equi pnent; G EC

Manuf acturer's catal og data shall be included with the detai
drawi ngs for the follow ng itens:

Steamto Steam Generators and Associ ated Conponents; G EC.
Steam Pi ping; G EC

Pi pe Fl exi bl e Connections; G EC.

Val ves; G EC.

Steam Traps; G EC

Condensat e Punps, Receivers and Accessories; G EC

The data shall show nodel, size, options, etc., that are
i ntended for consideration. Data submtted shall be adequate to
denonstrate conpliance with contract requirenents.
Spare Parts; G RE

Spare parts data for each different itemof material and
equi pnent speci fied.

Heating System Tests; G EC
Wl ding, G RE

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

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

Qualifications; G RE

A statement fromthe firns proposed to prepare submttals and
performinstallation and testing, denopnstrating successfu
conpletion of similar services of at |least five projects of

simlar size or scope, at least 2 weeks prior to the subnittal of
any other itemrequired by this section.

Field Instructions; G RE
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System | ayout diagrans that show the |ayout of equipnent,
pi pi ng, and ductwork and typed condensed operation manual s
expl ai ni ng preventative mai nt enance procedures, methods of
checki ng the system for normal, safe operation, and procedures for
safely starting and stopping the system franed under glass or
| am nated plastic, at least 2 weeks prior to the start of related
testing. After approval, these itens shall be posted where
di r ect ed.

Tests; G RE

Proposed test schedul es for the heating system and
hum dification systemtests, at |least 2 weeks prior to the start
of related testing.

SD-06 Test Reports

Heating System Tests; G RE
Hum dification System Tests; G RE

Test reports for the heating systemtests and the hum dification
systemtest, upon conpletion of testing conplete with results.

SD-07 Certificates
Bolts; G RE.

Witten certification by the bolt nanufacturer that the bolts
furni shed comply with the requirements of this specification. The
certification shall include illustrations of product markings, the
date of manufacture, and the number of each type of bolt to be
furni shed based on this certification

SD-10 Operation and Mai ntenance Data
Qperation and Mai ntenance Instructions; G RE

Si x conplete nmanual s |isting step-by-step procedures required
for system startup, operation, shutdown, and routine naintenance,
at least 2 weeks prior to field training. The nmanual s shal
i ncl ude the manufacturer's nane, nmodel nunmber, parts list,
simplified wiring and control diagramnms, troubleshooting guide, and
recommended service organi zation (including address and tel ephone
nunber) for each item of equiprment. Each service organization
shal | be capable of providing 4 hour onsite response to a service
call on an energency basis.

1.3  CGENERAL REQUI REMENTS
1.3.1 Standard Products
Mat eri al s and equi pment shall be the standard products of a manufacturer

regul arly engaged in the manufacture of the products and shall essentially
duplicate itenms that have been in satisfactory use for at |east 2 years
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prior to bid opening. Equipnent shall be supported by a service
organi zation that is, in the opinion of the Contracting O ficer, reasonably
convenient to the site.

.3.2 Asbest os Prohibition
Asbest os and asbestos-contai ni ng products shall not be used.
.3.3 Nanepl at es

Each nmaj or conponent of equi prent shall have the nmanufacturer's nane,
address, type or style, nodel or serial nunber, and catal og nunber on a
pl ate secured to the equi pnent. Each pressure vessel shall have an
approved ASME stanp.

.3.4 Equi pnent Guar ds

Belts, pulleys, chains, gears, couplings, projecting setscrews, keys, and
other rotating parts exposed to personnel contact shall be fully enclosed
or guarded in accordance with OSHA requirenents. Hi gh tenperature

equi prent 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 specified. Catwal ks, operating platforns, |adders, and
guardrails shall be provided where shown and shall be constructed in
accordance with Secti on 05500A M SCELLANEQUS METAL.

.3.5 Verification of D nensions

The Contractor shall become famliar with details of the work, verify
dimensions in the field, and shall advise the Contracting O ficer of any
di screpancy before perform ng any work or ordering any nmaterials.

.3.6 Vel di ng

Wl di ng and nondestructive testing procedures for piping are specified in
Section 05093A WELDI NG PRESSURE PI Pl NG

.3.7 Spare Parts

The Contractor shall submt spare parts data for each different item of

mat eri al and equi pnent specifed, after approval of the detail draw ngs and
no later than 2 nonths prior to the date of beneficial occupancy. The data
shall include a conplete list of parts and supplies, with current unit
prices and source of supply, and a list of the parts recomended by the
manuf acturer to be replaced after 1 and 3 years of service.

.4 MANUFACTURER S SERVI CES

Services of a manufacturer's representative who i s experienced in the
installation, adjustnent, and operation of the equi pnent specified shall be
provided. The representative shall supervise the installing, adjusting,
and testing of the equipment.

.5 DELI VERY AND STORAGE
Equi pnrent delivered and placed in storage shall be protected fromthe

weat her, humidity and tenperature variations, dirt and dust, and ot her
cont ami nant s.
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PART 2 PRODUCTS

2.

2.

1 PUMPS
1.1 Condensate Reteurn Unit CR-1 & CR-2

Unit shall be Arnstrong nodel FPS-218, except Viton seals shall be
installed, or approved equal. Unit shall be as shown on the draw ngs.

Each punp shall have a capacity not |ess than that indicated when

di schargi ng agai nst the specified pressure. The ninimm capacity of the
tank shall be as indicated. The condensate punping unit shall be the
dupl ex type as indicated. The unit shall consist of two punps with electric
notor drive, and a single tank, all nounted on a suitable cast-iron or

steel base. Punp shall be the centrifugal type, bronze-fitted throughout,
with inpellers of bronze or other approved corrosion-resisting netal
Mechani cal seals shall be Viton to withstand 275 degrees F. Each of the
two punps is activated automatically on alternating pumnping cycles so the
work load is evenly distributed between the two punps. The second punp is
automatically actuated if the first one fails to start. Punp shall be free
fromair binding when handli ng condensate of tenperatures up to 93 degrees
C (200 degrees F). Punps shall be directly connected to suitable drip
proof enclosed notors. Tank shall be not |ess than 3/16 inch thick black
iron or steel and shall be provided with all the necessary reinforced

t hr eaded openi ngs, including condensate return, pressure relief valve,

make- up, drain, and punp suction connections. Inlet strainer shall be
provided either integral in the tank or separate in the inlet line to the
tank. Fittings shall be galvanized nmalleable iron. The punps, motors, and
tank shall be nobunted on a single base with the tank piped to the punp
suctions. A gate valve and check val ve shall be provided in the discharge
connection fromeach punp and a strainer and gate val ve shall be provided
in the suction line to each punp except where punps are directly nounted on
top of the tank. Tank shall be an ASME rated pressure vessel at 125 psig.
An ASME rated pressure relief valve, set as shown on the draw ngs, shall be
installed instead of the normal vent connection. Unit shall have a heavy
duty make-up valve actuated by the position of a seam ess stainless stee
float within the tank. The nmechanism shall be readily adjustable for
various water levels. Float switches and stainless steel float and rod
provide optimumlevels in the receiver for punp operation. It shall be
mounted in the end of the tank and can be easily renoved as a conplete
unit. A water |evel gauge shall be installed on the tank. The condensate
return inlet to the tank shall not exceed 25 inches above the floor to
enabl e gravity flow fromthe steam generator outlet.

.1.1.1 Rati ng and Testing

The punp manufacturer shall submit a certified test report covering the
actual test of the unit and certifying that the equi pment conplies with the
i ndi cated requirenents.

.2 CCOLD WATER CONNECTI ONS

Connections shall be provided which includes consecutively in line a

strai ner, backfl ow prevention device, and water pressure regulator in that
order in the direction of the flow. The backfl ow preventi on device shal
be provided as indicated and in conpliance with Section 15400A PLUMBI NG
GENERAL PURPOSE. Cold water fill connections shall be nade to the water
supply system as indicated. Necessary pipe, fittings, and val ves required
for water connections between the boiler and cold water main shall be
provi ded as shown. The pressure regul ating val ve shall be of a type that
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will not stick or allow pressure to build up on the |ow side. The valve

shall be set to maintain a ternminal pressure of approximtely,lately 35 kPa
in excess of the static head on the system and shall operate within a 15
kPa tolerance regardless of cold water supply piping pressure and without

obj ecti onabl e noi se under any condition of operation.

.3 AR HANDLI NG UNI TS

Air handling units and associ ated equi pnent shall be in accordance with
Section 15895 AIR SUPPLY, DI STRI BUTI ON, VENTI LATI ON, AND EXHAUST SYSTEM

.4 FI TTI NGS AND ACCESSORI ES

4.1 St eel Sheets

.4.1.1 Gal vani zed St eel

Gal vani zed steel shall be ASTM A 653/ A 653M

.4.1.2 Uncoat ed St eel

Uncoat ed steel shall be ASTM A 366/ A 366M conposition, condition, and
finish best suited to the intended use. Gauge nunbers specified refer to
manuf acturer's standard gauge.

. 4.2 CGasket s

Gaskets shall be nonasbestos material in accordance with ASVE B16.21, full
face or self-centering type. The gaskets shall be of the spiral wound type
with graphite filler naterial.

. 4.3 Steel Pipe and Fittings

.4.3.1 St eel Pipe

Steel pipe shall be ASTM A 53/ A 53M Type E or S, Grade A or B, black
steel, standard weight.

.4.3.2 Steel Pipe Fittings

Fittings shall have the manufacturer's tradenmark affixed in accordance wth
MSS SP-25 so as to permanently identify the nmanufacturer.

.4.3.3 St eel Fl anges

Flanged fittings including flanges, bolts, nuts, bolt patterns, etc. shall
be in accordance with ASVME B16.5 class 150 and shall have the manufacturers
trademark affixed in accordance with MBS SP-25. Flange naterial shall
conformto ASTM A 105/ A 105M Fl anges for high tenperature water systens
shall be serrated or raised-face type. Blind flange material shall conform
to ASTM A 516/ A 516M col d service and ASTM A 515/ A 515M for hot service.
Bolts shall be high strength or internmediate strength with materi al
conforming to ASTM A 193/ A 193M

.4.3.4 \Welded Fittings

Wel ded fittings shall conformto ASTM A 234/ A 234M wi t h WPA mar ki ng.
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Buttwel ded fittings shall conformto ASME B16.9, and socket-wel ded fittings
shall conformto ASME B16. 11
.4.3.5 Cast-lron Fittings

Fittings shall be ASME B16.4, Class 125, type required to match connecting
pi pi ng.

.4.3.6 Mal | eabl e-1ron Fittings

Fittings shall be ASME B16.3, type as required to match connecting pi ping.
.4.3.7 Uni ons

Uni ons shall be ASME B16.39, C ass 150.

.4.3.8 Thr eads

Pi pe threads shall conformto ASME Bl. 20. 1.

4.4 Copper Tubing and Fittings

.4.4.1 Copper Tubi ng

Tubi ng shall be ASTM B 88, ASTM B 88M Type K or L. Adapters for copper
tubi ng shall be brass or bronze for brazed fittings.

.4.4.2 Sol der-Joint Pressure Fittings

W ought copper and bronze solder-joint pressure fittings shall conformto
ASME B16. 22 and ASTM B 75M . Cast copper alloy solder-joint pressure
fittings shall conformto ASME B16. 18 and ASTM B 828.

.4.4.3 Adapt ers

Adapters nmay be used for connecting tubing to flanges and to threaded ends
of val ves and equi pment. Extracted brazed tee joints produced with an
acceptable tool and installed as recommended by the manufacturer may be
used.

.4.4.4 Threaded Fittings

Cast bronze threaded fittings shall conformto ASMVE B16. 15.

.4.4.5 Brazing Materi al

Brazing material shall conformto AWS A5. 8.

.4.4.6 Brazi ng Fl ux

Flux shall be in paste or liquid formappropriate for use with brazing
material. Flux shall be as follows: |ead-free; have a 100 percent
flushabl e residue; contain slightly acidic reagents; contain potassium
bori des, and contain fluorides. Silver brazing nmaterials shall be in
accordance with AWS A5. 8.

.4.4.7 Sol der Materi al

Sol der netal shall conformto ASTM B 32 95-5 tin-antinony.
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.4.4.8 Sol der Fl ux

Flux shall be either liquid or paste form non-corrosive and conformto
ASTM B 813.

.4.5 Dielectric Waterways and Fl anges

Dielectric waterways shall have tenperature and pressure rating equal to or
greater than that specified for the connecting piping. Wterways shal

have netal connections on both ends suited to match connecting piping.
Dielectric waterways shall be internally lined with an insul ator
specifically designed to prevent current flow between dissimlar netals.
Dielectric flanges shall nmeet the performance requirenents described herein
for dielectric waterways.

.4.6 Pi pe Supports

Pi pe supports shall conformto MSS SP-58 and MSS SP-69.
4.7 Pi pe Expansi on

.4.7.1 Expansi on Loops

Expansi on | oops and offsets shall provide adequate expansion of the main
straight runs of the systemwthin the stress linits specified in ASME B31. 1.
The | oops and offsets shall be col d-sprung and installed where indicated.
Pi pe gui des and anchors shall be provided as indicated.

.4.8 Val ves

Val ves shall be Cass 125 and shall be suitable for the application
Grooved ends per AWM C606 may be used for water service only. Valves in
nonboi |l er external piping shall nmeet the material, fabrication and
operating requirenents of ASME B31.1. The connection type of all valves
shall match the sane type of connection required for the piping on which
instal |l ed.

.4.8.1 Gat e Val ves
Gate valves 65 nm and smaller shall conformto MSS SP-80 bronze rising
stem threaded, solder, or flanged ends. Gate valves 80 mm (3 inches) and

| arger shall conformto MSS SP-70 cast iron bronze trim outside screw and
yoke, flanged, or threaded ends.

.4.8.2 d obe Val ves

d obe valves 65 mMm (2-1/2 inches) and snmaller shall conformto MSS SP- 80,
bronze, threaded, soldered, or flanged ends. d obe valves 80 nm and

| arger shall conformto MSS SP-85, cast iron, bronze trim flanged, or

t hr eaded ends.

.4.8.3 Check Val ves

Check valves 65 mm and smaller shall conformto MSS SP-80, bronze,

t hreaded, sol dered, or flanged ends. Check valves 80 nmm and |arger shal
conformto MSS SP-71, cast iron, bronze trim flanged, or threaded ends.

.4.8.4 Angle Valves
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Angl e valves 65 nm and snaller shall conformto MSS SP-80 bronze,
t hreaded, sol dered, or flanged ends. Angle valves 80 mm and |arger shal
conformto MSS SP-85, cast iron, bronze trim flanged, or threaded ends.

.4.8.5 Bal | Val ves

Ball valves 15 nm and |arger shall conformto MSS SP-72 or MSS SP-110,
ductile iron or bronze, threaded, sol dered, or flanged ends.

.4.8.6 Butterfly Val ves

Butterfly valves shall be 2-flange type or lug wafer type, and shall be
bubbl eti ght at 1135 kPa. Val ve bodi es shall be cast iron, nalleable iron
or steel. ASTM A 167, Type 404 or Type 316, corrosion resisting stee
stens, bronze, or corrosion resisting steel discs, and synthetic rubber
seats shall be provided. Valves smaller than 200 nm shall have throttling
handl es with a m ni nrum of seven | ocking positions. Valves 200 nm and

| arger shall have totally encl osed nmanual gear operators with adjustable
bal ance return stops and position indicators. Valves in insulated |ines
shal I have extended neck to accommdate insulation thickness.

.4.8.7 Drai n val ves

Drain val ves shall be provided at each drain point of bl owdown as
recommended by the boiler nanufacturer. Piping shall conformto ASME BPVC
SEC | Vand ASTM A 53/ A 53M

.4.8.8 Saf ety Val ves

Saf ety val ves shall have steel bodies and shall be equi pped with
corrosion-resistant trimand valve seats. The valves shall be properly

gui ded and shall be positive closing so that no | eakage can occur

Adj ust ment of the desired back-pressure shall cover the range between 15
and 70 kPa. The adjustnent shall be nmade externally, and any shafts

ext endi ng through the val ve body shall be provided with adjustable stuffing
boxes havi ng renewabl e packi ng. Each di scharge pipe for steam service
shall be provided with a drip pan el bow to prevent accunul ation of water on
the valve. A slip joint shall be provided between drip pan el bow and
riser.

.4.9 Strai ners

Basket and "Y" type strainers shall be the sane size as the pipelines in
which they are installed. The strainer bodies shall be heavy and durable,
fabricated of cast iron, and shall have bottons drilled and tapped with a
gate val ve attached for bl owdown purposes. Strainers shall be designed for
[ ] kPa (] ] psig) service and | ] degrees C (] ] degrees
F). The bodi es shall have arrows clearly cast on the sides indicating the
direction of flow Each strainer shall be equipped with an easily
renovabl e cover and sedi ment screen. The screen shall be made of 0.795 mm
thick corrosion-resistant steel with small perforations nunbering not |ess
t han 620,000 per square m to provide a net free area through the basket of
at least 3.30 tinmes that of the entering pipe. The flow shall be into the
screen and out through the perforations.

.4.10 Pressure Gauges

Gauges shall conformto ASME B40.1 and shall be provided with throttling

15569A- 14



DACA41- 03- R- 0008- 0001

type needl e valve or a pul sati on danpener and shutoff valve. Mninumdia
size shall be 90 nm A pressure gauge shall be provided for each boiler
in a visible location on the boiler. Pressure gauges shall be provided
with readings in Kpa and psi. Pressure gauges shall have an indicating
pressure range that is related to the operating pressure of the fluid in
accordance with the foll ow ng table:

Operating Pressure (kPA) Pressure Range (kPA)
519-1030 0- 1400
105-518 0- 690

14- 104 0-210 (retard)

Qperating Pressure (psi) Pressure Range (psi)

76- 150 0- 200
16- 75 0-100
2-15 0-30 (retard)

2.4.11 Ther nonet er s

Thernoneters shall be provided with wells and separabl e corrosi on-resi stant
steel sockets. Mercury shall not be used in thernoneters. Thernoneters
shal | have brass, malleable iron, or alum numalloy case and frane, clear
protective face, permanently stabilized glass tube with indicating-fluid
colum, white face, black nunbers, and a m nimum 225 mm (9 inch) scale.
The operating range of the thernonmeters shall be 0-100 degrees centi grade
(32 - 212 degrees Fahrenheit). The thernoneters shall be provided with
readi ngs in degrees centigrade and Fahrenheit.

2.4.12 Air Vents
2.4.12. 1 Manual Air Vents

Manual air vents shall be brass or bronze val ves or cocks suitable for the
pressure rating of the piping systemand furni shed with threaded plugs or
caps.

2.4.12.2 Automatic Air Vents

Automatic air vents shall be 20 nm quick-venting fl oat and vacuum air

val ves. Each air vent valve shall have a |arge port pernmitting the

expul sion of the air w thout devel opi ng excessive back pressure, a
noncol | apsi bl e netal float which will close the valve and prevent the | oss
of water fromthe system an air seal that will effectively close and
prevent the re-entry of air into the system when subat nospheric pressures
prevail therein, and a thernostatic nenmber that will close the port against
t he passage of steamfromthe system The nane of the manufacturer shal

be clearly stanped on the outside of each valve. The air vent val ve shal

be suitable for the pressure rating of the piping system

2.4.13 St eam Tr aps
2.4.13.1 Fl oat - and- Ther nostatic Traps

Fl oat -and-t hernostatic traps shall conformto the requirenents of ASTMF
1139 and be designed for a steam working pressure of 100 kPa (15 psig) but
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shal |l operate with a supply pressure of approximtely 34 kPa (5 psig).

The trap capacity shall be based on a pressure differential of 15 kPa (2
psig) . Each fl oat-and-thernostatic trap shall have a cast iron body and
shall be provided with a hard bronze, nonel, or corrosion-resisting stee
val ve seat and mechani sm an open- or closed-type float of brass or equally
corrosion-resistant netal, and a corrosion-resisting steel thernostatic air
vent, all of which can be easily renpoved for inspection or replacenent

wi t hout disturbing the piping connections. The inlet to each trap shal
have a brass or stainless steel strainer, either as an integral part of the
trap or as a separate item of equipnent.

2.4.14 UNFI RED STEAM TO STEAM GENERATCR SG'1 & SG2 WTH CCU-1 & 2
DI STRI BUTOR

Unfired Steamto Steam Generator, Nortec nodel SE600 with six CSD duct
mount ed distributors, or approved equal. Unit shall be as indicated on
drawi ngs. Unit provides precise humdity control with existing building
steam boiler. The existing building boiler steamis used as the heat
source passing through and internal heat exchanger subnerged in water to
create pure atnospheric steam The chemical additives fromthe existing
buil ding boiler steamremain in the closed loop with no risk of entering
the air stream Uses regular type cold potable water supply and 15psig
treated boiler plant source steam supplied to control valve

Units shall be furnished with the foll ow ng features:
a. 316L stainless steel construction

b. automatic bl owdown controls that are adjustable for varying water
condi ti ons.

c. lowwater, and high water, shutdown

d. Packaged water |level control systemw th float sw tches nounted
externally to tank to control water |evel through factory sol enoid
valve. Tank fill is automatic through sol enoid val ve.

e. factory nounted water trap to prevent steam | eakage to drain, 18
i nches w. g.

f. two float and thernpstatic steamtraps per steam generator, Spirax
Sarco nmodel FT-15 (Nortec part nunber 159-9601) or equal, 15psig,
3/4 inch npt, cast iron body and cover. The valve seat, gasket,
ball float, float arm air vent assenbly, and other interna
associ ated parts, and nade of stainless steel

g. pneumatic nodul ati ng steam control valve, SIEBE Environnenta
Control nodel VB-7263 or equal, valve Cv is 40 (english), 76 to 1
ratio of rated flowto m nimumcontrollable flow, two way normal |y
closed with equal percentage flow characterisics, and positive
shut of f agains steam conplies with ANSI 16. 15, class 250 pressure
and tenperature rating, B16.014 class IV control valve shutoff
| eakage and ANSI/ I SA-575.11 flow characteristic standard. Bronze
body, stainless steel inlet, stainless steel stem teflon plug and
cone.

h. ASME rated pressure relief valve

i. Factory wired 24 volts AC control panel conpatible wth building
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management system
j. Option of wall, floor, or ceiling nmounting.

k. Per Steam CGenerator, six Nortec nodel CSD or equal steam
distributors for nounting in imate Control Units CCU-1 and CCU 2
(air handling units). Each of the six distributors is suitable
for 105 I bs/hr, stainless steel construction, holes on top center
3/4 inch dianeter steaminlet, 2 1/8 inch outside dianeter
mai nfol d, 3/8 inch condensate return, 9 inch nmounting plate height.

. Renopveabl e 316L stainless steel heat exchanger with nodul ar
hori zontal design for easy mai ntenance.

m Stainless steel tank lid easily renmoved for maintenance and
gasketed for |eak tight enclosure.

n. Inlet potable water supply valve controlled by 24 volts AC double
sol enoi d val ve

0. "Y' steamstrainer, 2 inch nonm nal dianeter, 20 nmesh stainl ess
steel screen material, cast iron body, 250psig pressure rating
non- shock.

p. A pressure gauge shall be installed in a visable |location on the
unit.

2.4.15 Wat er Softener Ws-1& WB-2

Water softener shall provide a continuous flowrate is 8 gallons per mnute
(gpm at 4 psi pressure drop, peak flowis 12 gpmat 7psi. Unit includes
fiberglass reinforced polyester resin tanks with covered pol yethyl ene brine
tank, fleck valve, VIP electronic demand controller, alternating twin
tanks, tanks pressure tested to 100psi g, regeneration type, exchanges soft
sodiumions for hard cal cium and nmagnesi umions, flow neter, 30, 000grains
at 8gpm 30,000grain per cubic feet or resin, 1 cubic feet resin per tank
120 volts AC, single phase, 15 anps naxi mum

2.5 ELECTRI CAL EQUI PVMENT
El ectric nmotor-driven equi pnment shall be provided conplete with notors,
notor starters, and necessary control devices. Electrical equipnment, notor
control devices, notor efficiencies and wiring shall be as specified in
Section 16415A ELECTRI CAL WORK, | NTERI OR

2.6 | NSULATI ON

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

PART 3 EXECUTI ON
3.1 Pl PI NG | NSTALLATI ON
Unl ess ot herwi se specified, nonboiler external pipe and fittings shal

conformto the requirenents of ASME B31.1. Pipe installed shall be cut
accurately to suit field conditions, shall be installed w thout springing
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or forcing, and shall properly clear w ndows, doors, and other openings.
Cutting or other weakening of the building structure to facilitate piping
installation will not be permitted. Pipes shall be free of burrs, oil
grease and other foreign material and shall be installed to permt free
expansi on and contracti on without damagi ng the building structure, pipe,
pi pe joints, or pipe supports. Changes in direction shall be nade with
fittings, except that bending of pipe 100 nm and smaller will be pernmtted
provi ded a pi pe bender is used and wi de sweep bends are forned. The
centerline radius of bends shall not be |less than 6 dianeters of the pipe.
Bent pi pe show ng ki nks, winkles, flattening, or other malformations wll
not be accepted. Vent pipes shall be carried through the roof as directed
and shall be properly flashed. Unless otherw se indicated, horizonta
supply mains shall pitch down in the direction of flowwith a grade of not
| ess than 0.2 percent. Open ends of pipelines and equi prent shall be
properly capped or plugged during installation to keep dirt or other
foreign materials out of the systems. Pipe not otherw se specified shal

be uncoated. Unless otherw se specified or shown, final connections to
equi prent shall be made with mal |l eabl e-iron unions for steel pipe 65 nm or
less in dianmeter and with flanges for pipe 80 mm or nore in dianeter.

Uni ons for copper pipe or tubing shall be brass or bronze. Reducing
fittings shall be used for changes in pipe sizes. In horizontal hot water
lines, reducing fittings shall be eccentric type to maintain the top of the
l[ines at the sane level to prevent air binding.

1.1 Vent Piping and Fittings

Vent piping shall be black steel. Fittings shall be black malleable iron
or cast iron to suit piping.

1.2 Gauge Pi ping
Pi pi ng shall be copper tubing.

. 1.3 Steam Pi ping and Fittings

Pi pi ng shall be black steel. Fittings shall be black, nalleable iron, cast
iron or steel. Fittings adjacent to valves shall suit val ves specifi ed.
Grooved nechanical fittings will not be allowed for steam piping.

1.4 Condensate Return Pipe and Fittings

Pi pi ng shall be black steel. Fittings shall be nmalleable iron, cast iron
or steel. Gooved nmechanical fittings will not be allowed for condensate
pi pi ng.

.1.5 Joints

Joi nts between sections of steel pipe and between steel pipe and fittings
shal | be threaded, grooved, flanged or wel ded as indicated or specified.
Except as otherw se specified, fittings 25 mm and snaller shall be
threaded; fittings 32 nm and up to but not including 80 mm shall be

ei ther threaded, grooved, or welded; and fittings 80 mm and | arger shal
be either flanged, grooved, or welded. Pipe and fittings 32 mm and |arger
installed in inaccessible conduit or trenches beneath concrete floor slabs
shal | be wel ded. Connections to equi pnrent shall be made with bl ack

nmal | eabl e-iron unions for pipe 65 nm or snmaller in dianeter and with
flanges for pipe 80 mminches or larger in diameter. Joints between
sections of copper tubing or pipe shall be flared, soldered, or brazed.
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3.1.5.1 Thr eaded Joints

Threaded joints shall be made with tapered threads properly cut and shal
be made perfectly tight with a stiff mxture of graphite and oil or wth
pol ytetrafl uoroet hyl ene tape applied to the nale threads only and in no
case to the fittings.

3.1.5.2 Wel ded Joints

Wel ded joints shall be in accordance w th paragraph GENERAL REQUI REMENTS
unl ess ot herwi se specified. Changes in direction of piping shall be made
with welding fittings only; mtering or notching pipe to form el bows and
tees or other simlar type construction will not be permitted. Branch
connections nay be made with either welding tees or forged branch outl et
fittings, either being acceptable without size limtation. Branch outlet
fittings, where used, shall be forged, flared for inproved flow
characteristics where attached to the run, reinforced agai nst externa
strains, and designed to withstand full pipe bursting strength. Socket
wel d joints shall be assenbled so that the space between the end of the
pi pe and the bottom of the socket is no less than 1.5 nm and no nore than
3 mm

3.1.5.3 Sol dered Joints

Sol dered joints shall be nade with flux and are only acceptable for lines
50 mm and snaller. Soldered joints shall conformto ASME B31.5 and CDA
A4015.

3.1.6 Fl anges and Uni ons

Fl anges shall be faced true, provided with 1.6 mm thick gaskets, and nade
square and tight. \Were steel flanges mate with cast-iron flanged
fittings, valves, or equiprment, they shall be provided with flat faces and
full face gaskets. Union or flange joints shall be provided in each |ine

i medi ately preceding the connection to each piece of equiprment or materia
requi ri ng mai ntenance such as coils, punps, control valves, and ot her
simlar itens. Dielectric pipe unions shall be provided between ferrous
and nonferrous piping to prevent galvanic corrosion. The dielectric unions
shal | have netal connections on both ends. The ends shall be threaded,

fl anged, or brazed to match adjacent piping. The netal parts of the union
shal | be separated so that the electrical current is below 1 percent of the
gal vanic current which woul d exist upon netal -to-netal contact. Gaskets,

fl anges, and unions shall be installed in accordance with manufacturer's
reconmendat i ons.

3.1.7 Branch Connecti ons
3.1.7.1 Branch Connections for Steam Systens

Branches shall be taken fromthe supply nmains at an angle of 45 degrees
above the horizontal, unless otherw se indicated. The branches fromreturn
mai ns shall be taken fromthe top or sides, unless indicated otherw se.
Branches shall pitch up fromthe mains toward the undripped risers or

radi ator connections with a grade of not less than 8 Mfmin 1 m

Connections to ensure unrestricted circulation, elimnate air pockets, and
permt the conplete drainage of the system

3.1.8 St eam Connecti ons to Equi pnent
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Steam supply and return connections shall be provided as shown.

Connections shall be nmade with malleable-iron unions or with steel flanges,
to match equi pnent. Valves and traps shall be installed in accordance with
t he manufacturer's recommendations. The size of the supply and return

pi pes to each piece of equipnent shall not be smaller than the outlets on

t he equi pnent.

.1.9 St eam Ri sers

The location of risers is approximate. The exact |ocations of the risers
shal | be approved. Downfeed risers shall termnate in a dirt pocket and
shal |l be dripped through a trap to the return |ine.

.1.10 Air Vents for Steam Systens

Aut omat i c bal anced pressure thernpstatic air vents shall be installed at
the ends of the steamlines and where shown on the drawi ngs. The vents
shall be rated for 862 kPa steam service. The outlet of the vent shall be
routed to a point designated by the Contracting Officer's Representative.
The inlet line shall have a gate valve or ball valve

.1.11 Supports

Hangers used to support piping 50 nm 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.
Threaded rods which are used for support shall not be formed or bent.
Supports shall not be attached to the underside of concrete filled floors
or concrete roof decks unless approved by the Contracting O ficer

.1.11.1 Seism ¢ Requirenents for Supports and Structural Bracing

Pi pi ng and attached val ves shall be supported and braced to resist seisnic
| oads as specified in Sections 13080 SEI SM C PROTECTI ON FOR M SCELLANEQUS
EQUI PMENT and 15070A SEI SM C PROTECTI ON FOR MECHANI CAL EQUI PMENT as shown
on the drawings. Structural steel required for reinforcenent to properly
support piping, headers, and equi pment, but not shown, shall be provided in
this section. Material used for supports shall be as specified in Section
05120 STRUCTURAL STEEL.

.1.11.2 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

a. Types 5, 12, and 26 shall not be used.

b. Type 3 shall not be used on insul ated pi pe which has a vapor
barrier. Type 3 may be used on insul ated pi pe that does not have
a vapor barrier if clanped directly to the pipe, if the clanp
bott om does not extend through the insulation, and if the top
clanmp attachnent does not contact the insulation during pipe
novenent .

c. Type 18 inserts shall be secured to concrete forms before concrete
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is placed. Continuous inserts which allow nore adjustment may be
used if they otherwi se neet the requirenents for Type 18 inserts.

Type 19 and 23 C-cl anps shall be torqued per MSS SP-69 and have
both | ocknuts and retaining devices furni shed by the manufacturer

Field fabricated Cclanp bodies or retaining devices are not
accept abl e.

Type 20 attachnents used on angl es and channel s shall be furnished
with an added mal | eabl e-iron heel plate or adapter.

Type 24 may be used only on trapeze hanger systens or on
fabricated franes.

Hori zontal pipe supports shall be spaced as specified in MSS SP-69
and a support shall be installed not over 300 nm fromthe pipe
fitting joint at each change in direction of the piping. Pipe
supports shall be spaced not over 1500 mm apart at val ves.

Vertical pipe shall be supported at each floor, except at
sl ab-on-grade, and at intervals of not nore than 4500 mm not nore
than 2400 mm fromend of risers, and at vent term nations.

Type 35 guides using steel, reinforced pol ytetrafluoroethyl ene
(PTFE) or graphite slides shall be provided where required to
al I ow | ongi tudi nal pi pe nmovenent. Lateral restraints shall be
provided as required. Slide materials shall be suitable for the
system operating tenperatures, atnospheric conditions, and bearing
| oads encount er ed.

(1) Were steel slides do not require provisions for restraint of
| ateral novenent, an alternate guide nethod nay be used. On

pi ping 100 mm (4 inches) and larger, a Type 39 saddle may be

wel ded to the pipe and freely rested on a steel plate. On piping
under 100 nm (4 inches), a Type 40 protection shield may be
attached to the pipe or insulation and freely rested on a stee
slide plate.

(2) \Were there are high systemtenperatures and welding to
piping is not desirable, the Type 35 guide shall include a pipe
cradl e wel ded to the guide structure and strapped securely to the
pi pe. The pipe shall be separated fromthe slide nmaterial by at

| east 100 nm or by an ampunt adequate for the insulation

whi chever is greater.

Except for Type 3, pipe hangers on horizontal insul ated pipe shal
be the size of the outside diameter of the insulation.

Piping in trenches shall be supported as indicated.

Structural steel attachments and brackets required to support

pi pi ng, headers, and equi pnent, but not shown, shall be provided
under this section. Material and installation shall be as

speci fied under Section 05120 STRUCTURAL STEEL. Pi pe hanger | oads
suspended from steel joist between panel points shall not exceed
22 kg. Loads exceeding 22 kg shall be suspended from pane
poi nt s.

Mul tiple Pipe Runs
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In the support of nmultiple pipe runs on a comopn base nenber, a clip or
clanmp shall be used where each pipe crosses the base support nenber.
Spaci ng of the base support nenber shall not exceed the hanger and support
spacing required for any individual pipe in the nultiple pipe run. The
clips or clanps shall be rigidly attached to the conmon base nenmber. A

cl earance of 3 nm shall be provided between the pipe insulation and the
clip or clamp for piping which may be subjected to thernmal expansion

.1.12 Anchor s

Anchors shall be provided where necessary to | ocalize expansion or to
prevent undue strain on piping. Anchors shall consist of heavy stee
collars with lugs and bolts for clanping and attachi ng anchor braces,

unl ess ot herwi se indicated. Anchor braces shall be installed in the nost
ef fective manner to secure the desired results, using turnbuckles where
requi red. Supports, anchors, or stays shall not be attached where they
will injure the structure or adjacent construction during installation or
by the wei ght of expansion of the pipeline.

.1.13 Val ves

Val ves shall be installed where indicated, specified, and required for
functioning and servicing of the systens. Valves shall be safely

accessi ble. Swing check valves shall be installed upright in horizonta
lines and in vertical lines only when flowis in the upward direction.
Gate and gl obe val ves shall be installed with stens horizontal or above.
Val ves to be brazed shall be disassenbled prior to brazing and all packing
renoved. After brazing, the valves shall be allowed to cool before
reassenbl i ng

.1.14 Pi pe Sl eeves

Pi pe passing through concrete or masonry walls or concrete floors or roofs
shal |l be provided with pipe sleeves fitted into place at the tine of
construction. A waterproofing clanping flange shall be installed as
i ndi cat ed where nenbranes are involved. Sleeves shall not be installed in
structural nenmbers except where indicated or approved. Rectangular and
squar e openi ngs shall be as detailed. Each sleeve shall extend through its
respective wall, floor, or roof. Sleeves through walls shall be cut flush
with wall surface. Sleeves through floors shall be cut flush with floor
surface. Sleeves through roofs shall extend above the top surface of roof
at least 150 mm for proper flashing or finishing. Unless otherw se
i ndi cated, sleeves shall be sized to provide a mnimum cl earance of 6 nm
bet ween bare pi pe and sl eeves or between jacket over insulation and
sl eeves. Sleeves in waterproofing nenbrane floors, bearing walls, and wet
areas shall be gal vani zed steel pipe or cast-iron pipe. Sleeves in
nonbearing walls, floors, or ceilings my be gal vani zed steel pipe,
cast-iron pipe, or galvanized sheet netal with | ock-type |ongitudinal seam
Except in pipe chases or interior walls, the annul ar space between pipe
and sl eeve or between jacket over insulation and sleeve in nonfire rated
wal I s shall be sealed as indicated and specified in Section 07900A JO NT
SEALI NG Metal jackets shall be provided over insulation passing through
exterior walls, firewalls, fire partitions, floors, or roofs.

a. Metal jackets shall not be thinner than 0.1524 nm (0. 006 inch)

thick aluminum if corrugated, and 0.4 mm (0.016 inch) thick
alum num if snooth.
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b. Metal jackets shall be secured with al um num or stainless stee
bands not less than 9 mMm wi de and not nore than 200 nm apart.
VWhen penetrating roofs and before fitting the nmetal jacket into
place, a 15 mm w de strip of sealant shall be run vertically
al ong the inside of the longitudinal joint of the nmetal jacket
froma point bel ow the backup material to a mninum hei ght of 1000
nm above the roof. |If the pipe turns fromvertical to
hori zontal, the sealant strip shall be run to a point just beyond
the first el bow \Wen penetrating waterproofing menbrane for
floors, the nmetal jacket shall extend from a point bel ow the
back-up material to a mninum di stance of 50 mm above the
flashing. For other areas, the netal jacket shall extend froma
poi nt bel ow the backup naterial to a point 300 nm above nateria
to a mninumdistance of 50 nm above the flashing. For other
areas, the metal jacket shall extend froma point bel ow the backup
material to a point 300 mm above the floor; when passing through
wal | s above grade, the jacket shall extend at |east 100 mm beyond
each side of the wall

.1.14.1 Fire Sea

VWere pipes pass through firewalls, fire partitions, or floors, a fire sea
shal | be provided as specified in Section 07840A FlI RESTOPPI NG

.1.15 Ther moneter Wl ls

A thernmoneter well shall be provided in each return line for each circuit
in multicircuit systens.

.1.16 Dr ai ns

25 mm (1 inch) 20 mm (3/4 inch A threaded drain connections with threaded
cap or plug shall be installed on the heat exchanger coil on each unit
heater or unit ventilator and wherever required for thorough draining of
t he system

.1.17 Strai ner Bl ow Down Pi pi ng

Strai ner bl owdown connections shall be fitted with a black steel bl ow down
pi peline routed to an accessible |ocation and provided with a bl ow down
val ve.

.2 COLOR CODE MARKI NG AND FI ELD PAI NTI NG

Col or code marking of piping shall be as specified in Section 09900 PAINTS
AND COATI NGS. Ferrous nmetal not specified to be coated at the factory
shal | be cl eaned, prepared, and painted as specified in Section 09900

PAI NTS AND COATI NGS. Exposed pi pe covering shall be painted as specified
in Section 09900 PAINTS AND COATI NGS. Al umi num sheath over insulation
shal | not be painted.

.3 CLEANI NG

. 3.1 Boi | ers and Pi pi ng

Strainers and val ves shall be thoroughly cleaned.

.4 FI ELD TRAI NI NG
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The Contractor shall conduct a training course for the operating staff as
designated by the Contracting Oficer. The training period shall consi st
of a total of 24 hours of normal working tine and shall start after the
systemis functionally conpleted but prior to final acceptance tests. The
field instructions shall cover all of the itens contained in the approved
operation and mai ntenance instructions, as well as denonstrations of

routi ne mai ntenance operations and boi

| er safety devices. The Contracting Oficer shall be notified at |east 14
days prior to date of proposed conduction of the training course.

-- End of Section --
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SECTI ON 15895A

Al R SUPPLY, DI STRI BUTI ON, VENTI LATI ON, AND EXHAUST SYSTEM
04/ 02

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 410 (1991) Forced-Circulation Air-Cooling and
Air-Heating Coils

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

ARl Cuideline D (1996) Application and Installation of

Central Station Air-Handling Units

Al R MOVEMENT AND CONTROL ASSOCI ATI ON ( AMCA)

AMCA 210 (1999) Laboratory Methods of Testing Fans
for Rating
AMCA 300 (1996) Reverberant Room Met hod for Sound

Testing of Fans
AMERI CAN BEARI NG MANUFACTURERS ASSQOCI ATI ON ( ABMA)

ABMNA 11 (1990; R 1999) Load Ratings and Fatigue
Life for Roller Bearings

ABMA 9 (1990; R 2000) Load Ratings and Fatigue
Life for Ball Bearings

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

ASTM A 123/ A 123M (2001) Zinc (Hot-Di p Gal vani zed) Coati ngs
on lron and Steel Products
ASTM A 53/ A 53M (2001) Pipe, Steel, Black and Hot- D pped,
Zi nc- Coat ed, Wl ded and Seani ess
ASTM A 924/ A 924M (1999) Ceneral Requirements for Steel
Sheet, Metallic-Coated by the Hot-Dip
Process
ASTM B 117 (1997) Operating Salt Spray (Fog) Apparatus
ASTM C 1071 (1998) Thermal and Acoustical Insulation

(d ass Fiber, Duct Lining Material)

15895A-3



DACA41- 03- R- 0008- 0001

ASTM D 1654 (1992) Eval uation of Painted or Coated
Speci nens Subj ected to Corrosive
Envi ronnent s

ASTM D 3359 (1997) Measuring Adhesion by Tape Test
ASTM D 520 (2000) Zi nc Dust Pignent
ASTM E 437 (1992; R 1997) Industrial Wre Coth and

Screens (Square Qpening Series)

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

ASHRAE 52.1 (1992) Gravinetric and Dust - Spot
Procedures for Testing Air-C eaning
Devi ces Used in General Ventilation for
Renovi ng Particul ate Matter

ASHRAE 70 (1991) Method of Testing for Rating the
Performance of Air Qutlets and Inlets

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)
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

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

SMACNA HVAC Duct Const Stds (1995; Addenda Nov 1997) HVAC Duct
Construction Standards - Metal and Flexible

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

SMACNA Leakage Test Wnl (1985) HVAC Air Duct Leakage Test Manual

UNDERWRI TERS LABORATORI ES (UL)

UL 181 (1996; Rev Dec 1998) Factory-Made Air
Ducts and Air Connectors

UL 214 (1997) Tests for Fl anme-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 Bld Mat Dir (1999) Building Materials Directory
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UL Elec Const Dir (1999) Electrical Construction Equi pnent
Directory
UL Fire Resist Dir (1999) Fire Resistance Directory (2 Vol.)

.2 COCORDI 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

.3 DELI VERY AND STORAGE

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

.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 submttal for the Governnent. The follow ng shall be
submitted in accordance with Section 01330 SUBM TTAL PROCEDURES:

Al items designated with a G EC including product literature,

cal cul ati ons, conmponent data, certificates, diagrams and draw ngs, shall be
submi tted concurrently in one conplete systemsubnmittal. Onrission of any
required submittal itemfromthe package shall be sufficient cause for

di sapproval of the entire submttal. Unless otherwi se indicated in the
subm ttal review comentary, disapproval of any itemw thin the package
shall require a re-subnittal of the entire system package, in which al
deficiencies shall be corrected.

SD- 02 Shop Drawi ngs

Drawi ngs; G EC

Installation; G EC

Drawi ngs shall consist of equi pnent |ayout including assenbly and
installation details and electrical connection diagramnms; ductwork
| ayout showi ng the location of all supports and hangers, typica
hanger details, gauge reinforcenent, reinforcenent spacing
rigidity classification, and static pressure and sea
classifications; and piping | ayout showi ng the | ocation of al

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

and typical support details. Drawi ngs shall include any
information required to denpnstrate 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 ntenance.

Test Procedures

Proposed test procedures for piping hydrostatic test, ductwork
| eak test, and performance tests of systens, at |east 2 weeks
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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 agrans; G RE

Proposed diagrans, at |least 2 weeks prior to start of related
testing. System diagranms that show the | ayout of equipment,

pi pi ng, and ductwork, and typed condensed operation nanual s
expl ai ni ng preventative mai nt enance procedures, methods of
checki ng the system for normal, safe operation, and procedures for
safely starting and stopping the systemshall be franmed under
glass or laminated plastic. After approval, these itens shall be
post ed where directed.

Simlar Services

St at ement denonstrating successful conpletion of sinmlar
services on at least 5 projects of simlar size and scope, at
| 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 |least 2 weeks prior to the start of
wel di ng operati ons.

SD- 03 Product Data

Ductwork and Fittings; G EC.

Dampers; G EC.

Exhaust Fans; G EC.

Diffusers, Registers and Gilles; G EC

Louvers; G EC

Cimate Control Units; G EC

Conpl ete product literature and supporting data to denonstrate
conpliance with the contract requirenments. Data shall indicate
specific item and nodel proposed. Performance and nateria
specifications shall be clearly identified.

SD-06 Test Reports

Performance 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
Bolts; ,

Witten certification fromthe bolt manufacturer that the bolts
furni shed comply with the requirenments 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 Mai ntenance Data
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Operating and Mai ntenance Instructions; G RE

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 equipnment. 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

Conponents and equi pnent shall be standard products of a manufacturer

regul arly engaged in the manufacturing of products that are of a simlar
materi 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 conmponents and

equi prent under simlar circunmstances and of simlar size. The 2 years
nmust be satisfactorily conpleted by a product which has been sold or is

of fered for sale on the commercial 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

sati sfactory field operation, for not [ess than 6000 hours exclusive of the
manuf acturer's factory tests, can be shown. The equipnent itens shall be
supported by a service organi zation

.2  ASBESTCS PROHI BI TI ON

Asbest os and asbestos-contai ni ng products shall not be used.

.3 NAMEPLATES

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

.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. shal | be provided where shown and shall be constructed
according to Section 05500A M SCELLANEQUS METAL.

.5 ELECTRI CAL WORK

El ectrical motor-driven equi pnment specified shall be provided conplete with
notor, notor starter, and controls. Unless otherw se specified, electric
equi prent, including wiring and nmotor efficiencies, shall be according to
Section 16415A ELECTRI CAL WORK, I NTERIOR  Electrical characteristics and
encl osure type shall be as shown. Unless otherw se indicated, notors of
745 W and above shall be high efficiency type. Mdtor starters shall be
provi ded complete with thermal overload protection and other appurtenances
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necessary. FEach motor shall be according to NEMA M5 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 provided. Were two-speed or variabl e-speed notors are indicated,
solid-state vari abl e-speed controller may be provided to acconplish the
sanme function. Solid-state variable-speed controllers shall be utilized
for nmotors rated 7.45 kW (10 hp) or less. Adjustable frequency drives
shal | be used for |arger notors.

.6 CONTROLS

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

.7 DUCTWORK COVPONENTS
7.1 Met al Duct wor k

Al'l aspects of metal ductwork construction, including all fittings and
conponents, shall conply wi th 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 permits. Oherw 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 Cass 125, 250, and 500 Pa (1/2, 1, and 2 inch w.g.) ductwork
shall neet the requirenents of Seal Class A Cass 750 through 2500 Pa (3
t hrough 10 inch) shall neet the requirenents of Seal Class A Seal ants
shall conformto fire hazard classification specified in Section 15080A
THERMAL | NSULATI ON FOR MECHANI CAL SYSTEMS. Pressure sensitive tape shal
not be used as a sealant. Spiral l|ock seamduct, and flat oval shall be
made wi th duct sealant and | ocked with not less than 3 equally spaced drive
screws or other approved nethods indicated i n SMACNA HVAC Duct Const Stds.
The seal ant shall be applied to the exposed male 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 | east 50 mm band wi dth
covering all screw heads and joint gap. Dents in the nale portion of the
slip fitting collar will not be acceptable. CQutdoor air intake ducts and
pl enuns shall be fabricated with watertight sol dered or brazed joints and
seans.

.7.1.1 Transitions

Diverging air flow transitions shall be made 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 num
of 30 degrees, for an included angle of 60 degrees, or shall be as

i ndi cat ed.

.7.1.2 Metal lic Fl exi bl e Duct

Metallic type duct shall be single-ply galvani zed steel. Duct shall be of
corrugated/interl ocked, folded and knurl ed type seam constructi on, bendable
wi t hout damage through 180 degrees with a throat radius equal to 1/2 duct

di ameter. Duct shall conformto UL 18land shall be rated for positive or
negative working pressure of 3.75 kPa (15 inches water gauge ) at 177
degrees C (350 degrees F) when duct is alum num and 343 degrees C (650
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degrees F) when duct is gal vani zed steel or stainless steel
.7.1.3 I nsul ated Nonnetal lic Flexible Duct Runouts

Fl exi bl e duct runouts shall be used only where indicated. Runout |ength
shal |l be as shown on the draw ngs, but shall in no case exceed 3 m Runouts
shal | be preinsulated, factory fabricated, and shall conply with NFPA 90A
and UL 181. Either field or factory applied vapor barrier shall be

provi ded. Were coil induction or high velocity units are supplied with
vertical air inlets, a streamined and vaned and mtered el bow transition
pi ece shall be provided for connection to the flexible duct or hose. The

| ast elbow to these units, other than the vertical air inlet type, shall be
a di e-stanped el bow and not a flexible connector. Insulated flexible
connectors may be used as runouts. The insulated material and vapor
barrier shall conformto the requirenents of Section 15080A THERMVAL

| NSULATI ON FOR MECHANI CAL SYSTEMS. The insulation material surface shal

not be exposed to the air stream

.7.1. 4 Ceneral Service Duct Connectors

A flexible duct connector approximately 150 mm in width shall be provided
where sheet netal 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 nmaterial |ocked to netal collars shal
be installed using normal duct construction nethods. The conposite
connector systemshall conply with UL 214 and be classified as
"flane-retarded fabrics" in UL Bld Mat Dir.

.7.1.5 Hi gh Tenperature Service Duct Connections

Material shall be approximately 2.38 mm thick, 1.2 to 1.36 kg per square
nmeter (35 to 40-ounce per square yard) weight, plain weave fibrous gl ass
cloth with, nickel/chrone wire reinforcement for service in excess of 650
degrees C.

.7.2 Duct wor k Accessori es
.7.2.1 Duct Access Doors

Access doors shall be provided in ductwork and pl enunms where indi cated and
at all air flow nmeasuring 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 375 x 450 nm unl ess ot herwi se shown. Where duct size will not
accomodate this size door, the doors shall be nmade as |arge as
practicable. Doors 600 x 600 mm or |arger shall be provided with
fasteners operable fromboth sides. Doors in insulated ducts shall be the
i nsul ated type

.7.2.2 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. A
positive pressure relief door shall be provided upstreamof fire danpers
which are provided in the supply air and exhaust ducts. A negative
pressure relief door shall be provided downstream of fire danpers which are
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provided in the return air ducts. The size and pressure relief rating of
the relief doors shall be in accordance with the manufacturer's
recomendati ons. The pressure relief door may be a conbi ned pressure
relief and access door unit if it is specifically listed by the

manuf acturer as such. A pressure relief door shall be provided upstream of
the fire danper. |f the ductwork connected to the fire danper is to be
insulated then this pressure relief damper shall be factory insul ated.

Fire danpers shall be automatic operating type and shall have a dynamc
rating suitable for the maxinumair velocity and pressure differential to
which it will be subjected. Fire danpers shall be approved for the
specific application, and shall be installed according to their Iisting.
Fire danpers shall be equipped 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 frames
shal | be equi pped with perineter mounting angl es attached on both sides of
the wall or floor opening. Ductwork in fire-rated floor-ceiling or
roof-ceiling assenmbly systens with air ducts that pierce the ceiling of the
assenbl i es shall be constructed in conformance with UL Fire Resist Dir.
Fire danpers shall be curtain type with danper blades in the air stream out
of the air streamor single blade type or multi-blade type. Danpers shal
not reduce the duct or the air transfer opening cross-sectional area.
Danpers shall be installed so that the centerline of the danmper depth or
thickness is located in the centerline of the wall, partition or floor slab
depth or thickness. Unless otherwi se indicated, the installation details
given in SMACNA Install Fire Danp HVAC and in nanufacturer's instructions
for fire danpers shall be foll owed.

.7.2.3 Manual Bal anci ng Danpers

Manual bal anci ng danpers shall be furnished with accessi bl e operating
nechani sns. Where operators occur in finished portions of the building,
operators shall be chromumplated with all exposed edges rounded. Manua
vol ume control danpers shall be operated by | ocking-type quadrant
operators. Danpers and shall be 2 gauges heavier than the duct in which
installed. Unless otherwi se indicated, multil eaf danpers shall be opposed
bl ade type with maxi num bl ade width of 300 mm Access doors or panels
shal |l be provided for all conceal ed danper operators and | ocking setscrews.
Unl ess otherwi se indicated, the | ocking-type quadrant operators for
danpers, when installed on ducts to be thernmally insulated, shall be
provided with stand-off mounting brackets, bases, or adapters to provide
cl earance between the duct surface and the operator not |ess than the
t hi ckness of the insulation. Stand-off nounting itens shall be integra
with the operator or standard accessory of the damper manufacturer. Vol une
danpers shall be provi ded where indicated.

.7.2. 4 Del et ed Par agr aph

. 7.3 Duct Sl eeves, Framed Prepared Openings, Cosure Collars
.7.3.1 Duct Sl eeves

Duct sl eeves shall be provided for round ducts 375 mm in diameter or |ess
passi ng through floors, walls, ceilings, or roof, and installed during
construction of the floor, wall, ceiling, or roof. Round ducts |arger than
375 mm in dianeter and square, rectangular, and oval ducts passing through
floors, walls, ceilings, or roof shall be installed through franed prepared
openi ngs. The Contractor shall be responsible for the proper size and

| ocation of sleeves and prepared openings. Sleeves and framed openings are
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al so required where grilles, registers, and diffusers are installed at the
openi ngs. Franed prepared openings shall be fabricated from1.0 mm (20
gauge) galvanized 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 25 mm cl earance between
the duct and the sleeve or 25 nm clearance between the insulation and the
sl eeve for insulated ducts.

.7.3.2 Framed Prepared Openings

Openi ngs shall have 25 mm cl earance between the duct and the opening or 25
nm cl earance between the insulation and the opening for insulated ducts.

.7.3.3 Cl osure Coll ars

Col lars shall be fabricated of gal vani zed sheet netal not |ess than 100 nm
wi de, unless otherw 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 375 mm in dianeter or less shall be fabricated from 1.0 mm (20

gauge) galvanized steel. Collars for round ducts |arger than 375 nm and
square, and rectangul ar ducts shall be fabricated from 1.3 nm (18 gauge)
gal vani zed steel. Collars shall be installed with fasteners on maxi nrum 150

mm centers, except that not less than 4 fasteners shall be used.
.7.4 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 t hout causing noticeable drafts, air novenent faster than
0.25 m's (50 fpnm in occupied zone, or dead spots anywhere in the
conditioned area. CQutlets for diffusion, spread, throw, and noise |eve
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

i ndicated. Diffusers and registers shall be provided with vol une danper

wi th accessi bl e operator, unless otherwi se indicated; or if standard with

t he manufacturer, an automatically controlled device will be acceptable.

Vol une danpers shall be opposed bl ade type for all diffusers and registers,
except linear slot diffusers. Linear slot diffusers shall be provided with
round or elliptical balancing danpers. Were the inlet and outl et openings
are located less than 2 m above the floor, they shall be protected by a
grille or screen according to NFPA 90A.

.7.4.1 Di ffusers

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

furni shed with anti-smudge devices, unless the diffuser unit m nimzes

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 rims 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
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connecting the duct to diffuser shall be airtight and shall not interfere
with volunme controller. Return or exhaust units shall be simlar to supply
di ffusers.

.7.4.2 Regi sters and Gilles

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

i n 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 150 mm below the ceiling unless
otherwi se indicated. Return and exhaust registers shall be | ocated 150 nm
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.

. 7.5 Louvers

Louvers for installation in exterior walls which are associated with the
air supply and distribution systemshall be as specified in Section 07600A
SHEET METALWORK, GENERAL.

.7.6 Air Vents, Penthouses, and Goosenecks

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

LT1.7 Bird Screens and Franes

Bird screens shall conformto ASTME 437, No. 2 nesh, alum num or 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 unm num

.8 Al R SYSTEMS EQUI PMENT
.8.1 Fans

Fans shall be rated for spark resistant AMCA Type A construction as shown
on the drawi ngs. 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. Mtor sheaves shall be variable
pitch for 11 kW (15 hp) and below and fi xed pitch as defined by AR
Quideline 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 midpoint of the sheave adjustnent. Wen fixed pitch sheaves
are furni shed, a replaceabl e sheave shall be provi ded when needed to

achi eve systemair balance. Mtors for V-belt drives shall be provided
with adjustable rails or bases. Renpbvable 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 wth personne
screens or guards on both suction and supply ends, except where ducts are
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connected to the fan. Fan and notor assenblies shall be provided with

vi bration-isolation supports. Vibration-isolation units shall be standard
products with published | oading ratings. Each fan shall be selected to
produce the capacity required at the fan static pressure indicated. Sound
power |evel shall be as indicated. The sound power |evel values shall be
obt ai ned according to AMCA 300. Standard AMCA arrangenent, rotation, and
di scharge shall be as indicated.

.8.1.1 Centrifugal Fans

Centrifugal fans shall be fully enclosed, single-width single-inlet, or
doubl e-wi dth doubl e-inlet, AMCA Pressure Class |, Il, or IlIl as required or
i ndi cated for the design systempressure. |Inpeller wheels shall be rigidly
constructed, accurately bal anced both statically and dynamically. dinate
Control Units CCU-1 and CCU-2 fan bl ades shall be backward-inclined as
shown on the draw ngs. 750 mm (30 i nches). Fan wheels over 900 nm (36
inches) in dianeter shall have overhung pulleys and a bearing on each side
of the wheel. Fan wheels 900 nm (36 inches) or less in dianeter may have
one or nore extra | ong bearings between the fan wheel and the drive.
Bearings shall be sleeve type, self-aligning and self-oiling with oi
reservoirs, or precision self-aligning roller or ball-type with accessible
grease fittings or permanently lubricated type. Gease fittings shall be
connected to tubing and serviceable froma single accessible point.

Bearing life shall be L50 rated at not |ess than 200,000 hours as defined
by ABVA 9 and ABMA 11. Fan shafts shall be nobnel to neet AMCA Type A spark
resitant construction, accurately finished, and shall be provided with key
seats and keys for inpeller hubs and fan pulleys. Each fan outlet shall be
of anple proportions and shall be designed for the attachment of angles and
bolts for attaching flexible connections. Mot ors, unl ess ot herwi se

i ndi cated, shall not exceed 1800 rpm and shall have expl osi on- pr oof

encl osures.

.8.1.2 In-Line Centrifugal Fans

In-line centrifugal fans for Exhaust Fans EF-5, EF-12, EF-13, and EF-19,
serving Building 1176 trench drain exhaust, shall be suitable for noving
expl osi ve concentrations of aviation fuel spill vapors, shall be conplete
with drive conponents and belt guard, shall have an al um num housi ng, neet
spark resitant AMCA Type A constuction, alum numfan wheel, expl osion proof
notors, monel diffusers, fan shaft, bearings, and nmounting frane as a
factory-assenbled unit. In-line fans shall have centrifugal backward

i nclined bl ades, stationary discharge conversion vanes, internal and
external belt guards, and adjustable notor nounts. Air shall enter and

| eave the fan axially. Inlets shall be streamined with conversion vanes
to elimnate turbul ence and provide snooth discharge air flow Fan
bearings and drive shafts shall be enclosed and isolated fromthe air
stream Fan bearings shall be seal ed agai nst dust and dirt and shall be
permanently |ubricated, 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 ABMA 9 and ABVA 11. NModtors shall have expl osi on- proof

encl osure.

.8.1.3 Axi al Fl ow Fans

Vane Axi al Exhaust Fans EF-15 and EF-17 shall be suitable for noving

expl osi ve concentrations of aviation fuel spill vapors, shall be conplete
with drive conponents and belt guard, shall have an al um num housi ng, neet
spark resitant AMCA Type A constuction, alum numfan wheel, expl osion proof
notors, monel diffusers, fan shaft, bearings, and nmounting frane as a
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factory-assenbled unit. Fan wheels shall have radially projecting bl ades
of airfoil cross section and shall be dynamically bal anced and keyed to the
fan shaft. Fan bearings and drive shafts shall be encl osed and i sol at ed
fromthe air stream Fan bearings shall be seal ed agai nst dust and dirt,
shal |l be permanently lubricated or with accessible grease fittings, and
shal |l be precision self-aligning ball or roller type. Bearing |life shal

be L50 rated at not |ess than 200,000 hours of operation as defined by ABVA
9 and ABMA 11. Fan inlets shall be provided with an aerodynam cally shaped
bell and an inlet cone. Diffuser or straightening vanes shall be provided
at the fan discharge to mininize turbul ence and provi de snooth di scharge
air flow Fan unit shall be provided with inlet and outlet flanges, and
operation adjustable inlet vanes. Unless otherw se indicated, notors shal
not exceed 1800 rpm

.8.2 Steam Heating Coils

Coils shall be fin-and-tube type constructed of seanl ess copper tubes and
al um num fins nmechanically bonded or soldered to the tubes. Copper tube
wal | thickness shall be a m ninmum of 0.508 mm ( inches). Casing and tube
support sheets shall be not lighter than 1.6 nm (16 gauge) gal vanized
steel, formed to provide structural strength. Wen required, multiple tube
supports shall be provided to prevent tube sag. Each coil shall be tested
at the factory under water at not |less than 2.76 MPa (400 psi) air
pressure and shall be suitable for 1.38 MPa (200 psi) working pressure.
Coils shall be npbunted for counterflow service. Coils shall be rated and
certified according to ARl 410.

.8.2.1 St eam Heating Coils

Steam coils shall be constructed of cast semi steel, welded steel or copper
headers, and copper tubes. Headers shall be constructed of cast iron

wel ded steel or copper. Fin tube and header section shall float within the
casing to allow free expansion of tubing for coils subject to high pressure
steam service. Each coil shall be provided with a field or factory
installed vacuum breaker. Coils shall be single-tube type with tubes not
less than 12 nm (1/2 inch) outside dianeter, except for steam preheat
coils. Supply headers shall distribute steamevenly to all tubes at the

i ndi cated steam pressure. Coils shall be factory tested to ensure that,
when supplied with a uniformface velocity, tenperature across the |eaving
side will be uniformwith a maxi numvariation of no nore than 5 percent.

.8.3 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 listed under the Label Service and shall neet
the requirenents of UL 586.

.8.3.1 Ext ended Surface Pleated Panel Filters

Filters shall be 50 nm (2 inch) depth, sectional, disposable type of the
size indicated and shall have an average efficiency of 25 to 30 percent
when tested according to ASHRAE 52.1. Initial resistance at 2.54 nm's (500
feet per mnute) shall not exceed 9 mm water gauge. Filters shall be UL
Class 2. Media shall be nonwoven cotton and synthetic fiber mat. A wire
support grid bonded to the nedia shall be attached to a npisture resistant
fi berboard frane. Al four edges of the filter nedia shall be bonded to
the inside of the frame to prevent air bypass and increase rigidity.
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2.8.3.2 Hol di ng Frames

Frames shall be fabricated fromnot lighter than 1.6 mm (16 gauge) sheet
steel with rust-inhibitor coating. Each holding frame shall be equi pped
with suitable filter hol ding devices. Holding frane seats shall be
gasketed. All joints shall be airtight.

2.8.3.3 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 98 nm (3-7/8 inches) in dianmeter, shall have
white dials with black figures, and shall be graduated in 0.0025 kPa nmm
(0.01 inch of water), and shall have a mninumrange of 0.25 kPa (1 inch
of water) beyond the specified final resistance for the filter bank on
whi ch each gauge is applied. Each gauge shall incorporate a screw operated
zero adjustrment and shall be furnished conplete with two static pressure
tips with integral conpression fittings, two nolded plastic vent val ves,
two 1.5 m (5 foot) mninumlengths of 6.35 mMm (1/4 inch) dianeter

al um num tubi ng, and all hardware and accessories for gauge nounti ng.

2.9 CLIMATE CONTROL UNITS CCU-1 AND CCU 2
2.9.1 Factory-Fabricated Air Handling Units

Units shall be single-zone drawthrough type as indicated. Units shal

i nclude fans, coils, airtight insulated casing, prefilters, adjustable
V-belt drives, belt guards for externally nounted notors, access sections
wher e indi cated, m xing box conbination sectional filter-mxing box, spray
type humdifier, 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.

2.9.1.1 Casi ngs

Casing sections shall be 2 inch double wall type constructed of a m ni mum
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
I nner casing of double-wall units shall be mininmnum 1.0 nm (20 gauge) solid
gal vani zed steel. Casing shall be designed and constructed with an
integral structural steel frame such that exterior panels are non-|oad
bearing. Exterior panels shall be individually renmpovable. Renoval shal
not affect the structural integrity of the unit. Casings shall be provided
wi th inspection doors, access sections, and access doors as indicated.
I nspection and access doors shall be insulated, fully gasketed, doubl e-wal
type, of a mninmum1.3 mm (18 gauge) outer and 1.0 mm (20 gauge) i nner
panels. Doors shall be rigid and provided with heavy duty hinges and
| atches. Inspection doors shall be a mnimum 300 mm wi de by 300 mm hi gh.
Access doors shall be m ninmum 600 nm w de and shall be the full height of
the unit casing or a mninmmof 1800 mm whichever is less. A nininmm 200
mm by 200 mm seal ed gl ass wi ndow suitable for the intended application
shall be installed in all access doors. Access Sections shall be according
to paragraph AIR HANDLING UNITS. Drain pan shall be doubl e-bottomtype
constructed of 16 gauge gal vani zed steel, pitched to the drain connection
Drain pans shall be constructed water tight, treated to prevent corrosion
and designed for positive condensate drai nage. Wen 2 or nore cooling
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coils are used, with one stacked above the other, condensate fromthe upper
coils shall not flow across the face of lower coils. Internediate drain
pans or condensate collection channels and downspouts shall be provided, as
required to carry condensate to the unit drain pan out of the air stream
and wi t hout noisture carryover. Each casing section handling conditioned
air shall be insulated with not less than 25 mm (1 inch) thick, 24 kg per
cubic nmeter (1-1/2 pound density) coated fibrous glass material having a

t hermal conductivity not greater than 0.033 WmK (0.23 Btu/hr-sf-F).
Factory applied fibrous glass insulation shall conformto ASTM C 1071
except that the mninumthickness 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. Deleted sentence. Exposed insulation edges and joints where

i nsul ati on panels are butted together shall be protected with a neta
nosing strip or shall be coated to conformto nmeet erosion resistance

requi renents of ASTM C 1071. A latched and hi nged i nspecti on door, shal

be provided in the fan and coil sections. Additional inspection doors,
access doors and access sections shall be provided where indicated.

.9.1.2 St eam Heating Coils

Steam heating coils shall be provided as specified in paragraph AlR SYSTEMS
EQUI PMENT, for types indicated.

.9.1.3 Direct Expansion Cooling Coils, Condenser, and Rel ated Equi pnent

Units shall contain direct expansion cooling coils, condenser, and related
equi prent as specified in Section 15700A UNI TARY HEATI NG AND COCLI NG
EQUI PMVENT.

.9.1. 4 Steam Hum di fiers

Unit shall contain humdification steamdistributor as specified in Section
15569A WATER AND STEAM HEATI NG

.9.1.5 Air Filters

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

.9.1.6 Fans

Fans shall be double-inlet, centrifugal backward inclined type with each
fan in a separate scroll. Fans and shafts shall be dynanically 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 nounted on stee
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 ABMA 9 and ABVA 11. Bearings shall be permanently |ubricated or
lubricated 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 nenbers, or support plates securely attached to the
unit casing. Bearings nay not be fastened directly to the unit sheet netal
casing. Fans and scrolls shall be furnished with coating indicated. Fans
shall 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
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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 20 kW and bel ow and fixed pitch above 20 kW as defined
by ARI CGuideline 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
adjustment. Motors for V-belt drives shall be provided with adjustable
bases. Fan notors shall have open encl osures.

.9.1.7 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 pronmote thorough nixing of the air
streans.

.9.1.8 Di f fuser Sections

Di ffuser sections shall be furnished between the di scharge of all supply
fans . Diffuser sections shall be fabricated by the unit nmanufacturer in a
manner identical to the renainder of the unit casing, shall be designed to
be airtight under positive static pressures up to kPa (5 inches water
gauge), and shall have an access door on each side for inspection
purposes. Diffuser section shall contain a perforated diffusion plate,
fabricated of gal vani zed steel, Type 316 stainless steel, alumnum or
steel treated for corrosion with manufacturer's standard
corrosion-resisting finish. The diffusion plate shall be designed to
acconplish uniformair flow across the down-streamcoil filters while
reduci ng the higher fan outlet velocity to within plus or mnus 5 percent
of the required face velocity of the downstream conmponent.

.9.1.9 Danmper s

Danpers shall be as specified in paragraph CONTROLS.

.10 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 3 nm Rating of the inscribed area shal
not be less than 10, no failure. On units constructed of gal vani zed stee
whi ch 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 reconmendati ons.

1.1 Anchor s

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.

1.2 Condensat e Drain Lines

Water seals shall be provided in the condensate drain fromall units.

The depth of each seal shall be 50 nm plus 0.1 nmfor each Pa, 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
t he open end of each tee plugged. Pipe cap or plug cleanouts shall be
provi ded where indicated. Drains indicated to connect to the sanitary
wast e system shall be connected by an indirect waste fitting. Air
conditioner drain lines shall be insulated as specified in Section 15080A
THERVAL | NSULATI ON FOR MECHANI CAL SYSTEMS

. 1.3 Equi prent and I nstall ation

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

val ves, air handling units, fans, coils, danpers, and other simlar itens
requiring supports. Air handling units shall be floor nmounted 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 |ess than 150 mm (6 inch) concrete pads or curbs doweled in

pl ace. 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

i sol ators placed between the pedestal block and the floor may be provided.
The concrete foundati on or concrete pedestal block shall be of a mass not

| ess than three tines the weight of the conponents to be supported. Lines
connected to the punmp nounted on pedestal blocks shall be provided with
flexible connectors. Foundation drawi ngs, bolt-setting infornmation, and
foundati on bolts shall be furnished prior to concrete foundation
construction for all equipment indicated or required to have concrete
foundati ons. Concrete for foundations shall be as specified in Section
03300 CAST- 1 N- PLACE STRUCTURAL CONCRETE

.1.4 Access Panel s

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

1.5 Fl exi bl e Connectors
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Pre-insul ated flexible connectors and flexible duct shall be attached to
ot her conponents 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.

.1.6 Sl eeved and Franed Openi ngs

Space between the sl eeved or framed opening and the duct or the duct

i nsul ati on shall be packed as specified in Section 07840A FI RESTOPPI NG f or
fire rated penetrations. For non-fire rated penetrations, the space shal
be packed as specified in Section 07900A JO NT SEALI NG

1.7 Met al Duct wor k

Installation 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. Wiere supports are required between structural fram ng nenbers,
suitabl e internediate netal fram ng shall be provided. Were Cclanps are
used, retainer clips shall be provided.

.1.8 I nsul ation

Thi ckness and application of insulation naterials for ductwork, piping, and
equi prent shall be according to Section 15080A THERMAL | NSULATI ON FOR
MECHANI CAL SYSTEMS. Qutdoor air intake ducts and pl enuns shall be
externally insulated up to the point where the outdoor air reaches the
conditioning unit or up to the point where the outdoor air mxes with the
outside air stream

.1.9 Duct Test Hol es

Holes 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.

.1.10 Power Transm ssion Conponents Adj ust nent

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

.2 FI ELD PAI NTI NG AND COLOR CODE MARKI NG
Finish painting of items only prined at the factory, surfaces not

specifically noted otherw se, and col or code nmarking for piping shall be as
specified in Section 09900 PAINTS AND CQATI NGS
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3 DUCTWORK LEAK TEST

Ductwork | eak test shall be perfornmed for the entire air distribution and
exhaust system including fans, coils, filters, etc. designated as static
pressure Class 750 Pa (3 inch water gauge) through C ass 2500 Pa (10 inch
wat er gauge). Test procedure, apparatus, and report shall conformto
SMACNA Leakage Test Wnl. The nmaxi num al |l owabl e | eakage rate is 3 | /s per
10 square neters of duct surface. Ductwork |eak test shall be conpleted
with satisfactory results prior to applying insulation to ductwork exterior.

.4 CLEANI NG AND ADJUSTI NG

I nside of ducts, plenuns, and casing shall be thoroughly cleaned of debris
and bl own free of small particles of rubbish and dust and then shall be
vacuum cl eaned before installing outlet faces. Equipnent shall be w ped
clean, 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 al
construction dirt has been renoved fromthe building, and the ducts,

pl enuns, casings, and other itens specified have been vacuum cl eaned.
System shall be maintained in this clean condition until final acceptance.
Bearings shall be properly lubricated with oil or grease as recomended by
the manufacturer. Belts shall be tightened to proper tension. Contro

val ves and ot her niscell aneous equi prent requiring adjustment shall be
adjusted to setting indicated or directed. Fans shall be adjusted to the
speed indicated by the manufacturer to neet specified conditions.

.5 TESTI NG, ADJUSTI NG, AND BALANCI NG

Testing, adjusting, and bal ancing shall be as specified in Section 15990A
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.

.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 thernostats or space
sensors, the humdity at space humi distats or space sensors and the anbient
tenperature and humidity in a shaded and weat her protected area.

.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 |l be provided for a period of 40 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 Qperating and Mai ntenance Instructions.
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SECTI ON 15951A

DI RECT DI G TAL CONTROL FOR HVAC
12/ 01

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 MOVEMENT AND CONTROL ASSOCI ATI ON ( AMCA)

AMCA 500 (11989; Rev994) Test Methods for Louvers,
Danpers and Shutters

AMERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI )
ANSI Cl12.1 (1995) Code for Electricity Metering

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

ASTM A 269 (1996) Seam ess and Wl ded Austenitic
Stainl ess Steel Tubing for CGeneral Service

ASTM B 88 (1996) Seanl ess Copper Water Tube

ASTM B 88M (1996) Seam ess Copper Water Tube (Metric)

ASTM D 1693 (1997a) Environnental Stress-Cracking of

Et hyl ene Pl astics
ASTM D 635 (1997) Rate of Burning and/or Extent and

Ti me of Burning of Self-Supporting
Plastics in a Horizontal Position

ASME | NTERNATI ONAL ( ASME)

ASME B40.1 (1991) Gauges - Pressure Indicating Dial
Type - El astic El enment

ASME BPVC SEC VI D1 (1998) Boiler and Pressure Vessel Code;
Section VIIl, Pressure Vessels Division 1

- Basic Coverage
ELECTRONI C | NDUSTRI ES ALLI ANCE (ElI A)
El A ANSI/ EI A/ TI A-232-F (1991) Interface Between Data Techni cal
Equi pnent and Data Circuit-Term nating
Equi pnent Enpl oying Serial Binary Data
I nt er change

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)
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| EEE C62. 41 (1991; R 1995) Surge Voltages in
Low Vol tage AC Power Circuits

| EEE Std 142 (1991) | EEE Recomrended Practice for
Groundi ng of Industrial and Conmerci al
Power Systens

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMVA)

NEMVA 250 (1991) Encl osures for Electrical Equiprent
(1000 Vol ts Maxi mum

NEMA I CS 1 (1993) Industrial Control and Systemns

NEMA ST 1 (1988) Specialty Transforners (Except

CGener al - Pur pose Type)
NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)
NFPA 70 (1999) National Electrical Code

NFPA 90A (1996) Installation of Air Conditioning
and Ventilating Systens

UNDERWRI TERS LABORATORI ES (UL)
UL 268A (1998) Snpke Detectors for Duct Application

UL 508 (1993; Rev thru Oct 1997) Industrial
Control Equi prent

UL 555S (1996) Leakage Rated Danpers for Use in
Smoke Control Systemns

UL 94 (1996; Rev thru Jul 1998) Tests for
Flammability of Plastic Materials for
Parts in Devices and Appliances

.2 GENERAL REQUI REMENTS

The direct digital control (DDC) shall be a conplete systemsuitable for
the heating, ventilating and air-conditioning (HVAC) system The DDC
system shall be a conplete control system consisting of a building

aut omati on system and an automatic tenperature control system suitable for
the HVAC system The direct digital control systemshall be connected to

t he existing Barber Col eman System (EMCS) at M Connell AFB that has been
accepted as an approved interface by the Contracting Officer. Al controls
added under this project shall be connected to a global network control
unit | ocated as shown, and shall communicate to the basew de EMCS via the
LAN serving the base. The contractor shall supply all materials required
and software generation necessary to enable the DDC to comruni cate with the
Bar ber Col eman system The Contractor shall generate all sotfware and
install all hardware required to connect the new facilities to the existing
EMCS.

2.1 Dynam ¢ Col or G aphi c Displ ays

Col or graphic floor plan displays, and system schematics for each piece of
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nmechani cal equi pment, including air handling units, chilled water systens
and hot water boiler systens, shall be generated to optim ze system
performance anal ysis and speed al armrecognition. the existing operator
interface workstation located in Building 364 shall be utilized for
operator interface.

1.2.1 Nanepl at es, Lens Caps, and Tags

Nanepl ates and | ens caps bearing | egends and tags bearing devi ce-uni que
identifiers as shown shall have engraved or stanped characters. A plastic
or metal tag shall be nechanically attached directly to each device or
attached by a netal chain or wire. Each airflow neasurenent station shal
have a tag showing flow rate range for signal output range, duct size, and
identifier as shown.

1.2.2 Verification of D nensions

After becoming famliar with all details of the work, the Contractor shal
verify all dinensions in the field, and shall advise the Contracting
O ficer of any discrepancy before perform ng any work.

1.2.3 Dr awi ngs

Because of the small scale of the drawings, it is not possible to indicate
all offsets, fittings, and accessories that nmay be required. The
Contractor shall carefully investigate the nechanical, electrical, and
finish conditions that could affect the work to be performed, shall arrange
such work accordingly, and shall furnish all work necessary to meet such
condi tions.

1.2.4 Power - Li ne Surge Protection

Equi pnent connected to ac circuits shall be protected from power-Iine
surges. Equi pnent protection shall nmeet the requirenments of | EEE C62. 41.
Fuses shall not be used for surge protection.

1.2.5 Surge Protection for Transmitter and Control Wring

DDC system control - panel equi prent shall be protected agai nst surges

i nduced on control and transmitter wiring installed outside. The equi pment
protection shall be tested in the normal node and in the comopn node, using
the foll owing two wavef orns:

a. A 10-mcrosecond by 1,000-m crosecond waveformw th a peak voltage
of 1,500 volts and a peak current of 60 anperes.

b. An eight nicrosecond by 20-m crosecond waveformw th a peak
vol tage of 1,000 volts and a peak current of 500 anperes.

1.2.6 System Overall Reliability Requirenent
The system shall be configured and installed to yield a nean time between
failure (MIBF) of at |east 40,000 hours. Each DDC controller shall be
desi gned, configured, installed and progranmed to provide for stand al one
operation with mniml performance degradation on failure of other system
conponents to which it is connected or with which it conmunicates.

1.2.7 DDC System Network Accessibility
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Where the systenms to be controlled by the DDC systemare located in
nmul ti pl e mechani cal roons, each nmechani cal roomshall have at |east one
conmuni cati on port for the portable workstation/tester. DDC controllers
shall be located in the same room as the equi pnent being controlled or in
an adj acent space which has direct access to the equi pnent room

. 2.8 System Accuracy and Di spl ay

The system shall maintain an end-to-end accuracy for one year from sensor
to operator's console display for the applications specified and shal

di splay the value as specified. Each tenperature shall be displayed and
printed to nearest 0.05 degree C.

.2.8.1 Space Tenperature

Space tenperature with a range of 10 to 30 degrees C plus or minus 0.5
degrees C for conditioned space; minus 1 to plus 55 degrees C plus or
m nus 0.5 degrees C for unconditioned space.

.2.8.2 Duct Tenperature

Duct tenperature with a range of 5 to 60 degrees C plus or mnus 1 degree
C

.2.8.3 Qutside Air Tenperature

Qutside air (QA) tenmperature with a range of mnus 35 to plus 55 degrees C
plus or mnus 1 degree C, wth a subrange of mnus 1 to plus 40 degrees C
plus or mnus 0.5 degree C

.2.8.4 Wat er Tenperature

Water tenperature with a range of mnus 1 to plus 40 degrees C plus or

m nus 0.5 degree C, the range of 40 to 120 degrees C plus or mnus 1
degree C, and water tenperatures for the purpose of perform ng energy
calculations using differential tenperatures to plus or mnus 0.5 degree C
usi ng nmat ched sensors.

.2.8.5 Hi gh Tenperature

Hi gh tenperature with a range of 100 to 260 degrees C plus or mnus 1
degree C.

.2.8.6 Rel ative Humi dity

Rel ative humidity, within a range of 20 to 80 percent, plus or mnus 6.0
percent of range (display and print to nearest 1.0 percent).

.2.8.7 Pressure

Pressure with a range for the specific application plus or mnus 2.0
percent of range (display and print to nearest kPa. )

.2.8.8 Fl ow
Flow with a range for the specific application plus or mnus 3.0 percent of
range, and flows for the purpose of thermal calculations to plus or mnus

2.0 percent of actual flow (display and print to nearest unit, such as
liters per second.
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1.2.8.9 KWh and kW Denmand

KWh and kWdemand with a range for the specific application plus or mnus
1.0 percent of reading (display and print to nearest kWh or kW.

1.2.8.10 Anal og Val ue I nput

An anal og value input to the systenlis equipnment via an Al with a maxi mum
error of 0.50 percent of range, not including the sensor or transmtter
error. This accuracy shall be mintained over the specified environmenta
condi ti ons.

1.3 SUBM TTALS

Covernment 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. All itens designated
with a G EC, including product literature, calcul ations, conponent data,
certificates, diagrans and draw ngs, shall be submitted concurrently in one
conpl ete systemsubmittal. Qmission of any required submttal itemfrom

t he package shall be sufficient cause for disapproval of the entire
submittal. Unless otherwise indicated in the subnmttal review commentary,
di sapproval of any itemw thin the package shall require a re-subnmittal of
the entire system package, in which all deficiencies shall be corrected.
The followi ng shall be submitted in accordance with Section 01330 SUBM TTAL
PROCEDURES:

SD- 02 Shop Drawi ngs
HVAC Control System G EC

Drawi ngs shall be on Al (841 by 594 mm) sheets in the form and
arrangenent shown. The drawi ngs shall use the sane abbreviations,
synbol s, nonenclature and identifiers shown. Each control system
el ement on a draw ng shall have a unique identifier as shown. The
HVAC Control System Drawi ngs shall be delivered together as a
conplete subnmittal. Deviations rmust be approved by the
Contracting Officer. Drawi ngs shall be submtted along with
Submittal SD-01, Data.

a. HVAC Control System Drawi ngs shall include the foll ow ng:

Sheet One: Drawing Index, HVAC Control System Legend.

Sheet Two: Val ve Schedul e, Danper Schedul e.

Sheet Three: Conpressed Air Station Schematic.

Sheet Four: Control System Schematic and Equi pnment Schedul e.
Sheet Five: Sequence of Operation and Data Terminal Strip Layout.
Sheet Six: Control Loop Wring Di agrans.

Sheet Seven: Mdtor Starter and Relay Wring D agram

Sheet Eight: Communication Network and Bl ock Di agram

Sheet Nine: DDC Panel Installation and Bl ock Di agram

(Repeat Sheets Four through Seven for each AHU System)

b. The HVAC Control System Drawi ng I ndex shall show the nane
and number of the building, nmilitary site, State or other simlar
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designation, and Country. The Drawi ng | ndex shall |ist HVAC
Control System Drawi ngs, including the drawi ng nunber, sheet
nunber, drawing title, and conmputer filename when used. The HVAC
Control System Legend shall show generic synbols and the nane of
devi ces shown on the HVAC Control System Draw ngs.

c. The valve schedul e shall include each val ve's uni que
identifier, size, flow coefficient Kv , pressure drop at specified
flow rate, spring range, positive positioner range, actuator size,
cl ose-of f pressure data, dinensions, and access and cl earance
requi renents data. Valve schedules may be submitted in advance
but shall be included in the conplete submttal

d. The damper schedul e shall contain each danper's and each
actuator's identifier, nom nal and actual sizes, orientation of
axis and frane, direction of blade rotation, spring ranges,
operation rate, positive positioner ranges, |ocations of actuators
and danmper end swi tches, arrangement of sections in nulti-section
danpers, and net hods of connecting danpers, actuators, and
I i nkages. The Danper Schedul e shall include the maxi num | eakage
rate at the operating static-pressure differential. The Danper
Schedul e shall contain actuator selection data supported by
cal cul ations of the torque required to nmove and seal the danpers,
access and cl earance requirenents. Danper schedul es may be
submtted in advance but shall be included in the conplete
submi ttal

e. The conpressed air station schematic di agram shall show al
equi prent, including: conpressor with notor horsepower and
vol tage; starter; isolators; nanual bypasses; tubing sizes; drain
pi pi ng and drain traps; reducing valves; dryer; and data on
manuf acturer's names and nodel nunbers, nounting, access, and
cl earance requirenents. Air Conpressor and air dryer data shal
i ncl ude cal cul ati ons of the air consunption of al
current-to-pneumatic transducers and of any other control system
devices to be connected to the conpressed air station, and the
conpressed air supply dewpoint tenperature at 140 kPa .
Conpressed air station schematic drawi ngs shall be subnitted for
each conpressed air station.

f. The HVAC control system schematics shall be in the form
shown, and shall show all control and nechani cal devices
associated with the HVAC system A system schenatic draw ng shal
be subnmitted for each HVAC system

g. The HVAC control system equi pnent Schedul e shall be in the
formshown. All devices shown on the draw ngs havi ng uni que
identifiers shall be referenced in the equi pnent schedul e.
Information to be included in the equi pnent schedul e shall be the
control | oop, device unique identifier, device function, setpoint,
i nput range, and additional inportant paraneters (i.e., output
range). An equi prment schedul e shall be submitted for each HVAC
system

h. The HVAC control system sequence of operation shall reflect
t he | anguage and format of this specification, and shall refer to
the devices by their unique identifiers as shown. No operationa
devi ations from specified sequences will be permtted w thout
prior witten approval of the Contracting Oficer. Sequences of
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operation shall be submitted for each HVAC control system
i ncludi ng each type of termnal unit control system

i. The HVAC control systemwi ring diagrans shall be functiona
Wi ring diagrans which show the interconnection of conductors and
cables to HVAC control panel termnal blocks and to the identified
term nals of devices, starters and package equi pnent. The wiring
di agranms shall show necessary junmpers and ground connections. The
wiring diagrans shall show the |abels of all conductors. Sources
of power required for HVAC control systens and for packaged
equi prent control systenms shall be identified back to the pane
board circuit breaker nunber, HVAC system control panel, nagnetic
starter, or packaged equi pment control circuit. Each power supply
and transforner not integral to a controller, starter, or packaged
equi prent shall be shown. The connected volt-anmpere |oad and the
power supply volt-anpere rating shall be shown. Wring diagrans
shall be submitted for each HVAC control system

SD- 03 Product Data

Tenperature Control Panels TCP-3, TCP-4, TCP-5;G EC
Air Flow Measurenent Stations and Transmitters; G EC
Surge Protection; G EC
Regul at ed Power Supplies; G EC
Power Line Conditioners; G EC
Wring, G EC
Val ve Actuators and positive positioners; G EC
Danper Actuators and positive positioners; G EC
Control Valves;G EC
Control Danmpers; G EC
Tenperature Switches; G EC
Tenperature and Pressure Instrunments; G EC
Thernostats; G EC
Ther nonet ers and Gauges; G EC
DDC Control Panels and Accessories; G EC
Rel ays; G EC
Tubing; G EC
| P Transducers; G EC
Manual Switches; G EC
Equi prent Conpl i ance Booklet; G EC
Dynam ¢ Col or Graphic Display Layout Proposals; G EC
I nput Qutput (1/0O Summary Tables; G EC
The HVAC Control System Equi prent Conpliance Bookl et (ECB) shal
be in booklet formand indexed, with nunbered tabs separating the
i nformati on on each device. It shall consist of, but not be
limted to, data sheets and catal og cuts which docunent conpliance
of all devices and conmponents with the specifications. The ECB
shal | be indexed in al phabetical order by the unique identifiers.
Devi ces and conponents which do not have unique identifiers shal
foll ow the devices and conponents with unique identifiers and
shal | be indexed in al phabetical order according to their

functional name. The ECB shall include a Bill of Materials for
each HVAC Control System The Bill of Materials shall function as
the Table of Contents for the ECB and shall include the device's

uni que identifier, device function, nanufacturer

nodel / part/cat al og nunber used for ordering, and tab nunber where
the device information is located in the ECB. The ECB shall be
submtted along with Submittal SD- 04, Draw ngs.
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Service Organi zations; G RE

Six copies of a list of service organizations qualified to service
the HVAC control system The list shall include the service
organi zati on nane, address, technical point of contact and

t el ephone nunber, and contractual point of contact and tel ephone
nunber .

Conmi ssi oni ng Procedures; G EC

Si x copies of the HVAC control system comni ssioning procedures,
i n bookl et form and i ndexed, 60 days prior to the schedul ed start
of conmmi ssioning. Conm ssioning procedures shall be provided for
each HVAC control system and for each type of terminal unit
control system The Comm ssioning procedures shall reflect the
format and | anguage of this specification, and refer to devices by
their unique identifiers as shown. The Commi ssioni ng procedures
shal |l be specific for each HVAC system and shall give detailed
st ep- by-step procedures for comm ssioning of the system

a. The Conmi ssioning procedures shall include detailed, product
specific set-up procedures, configuration procedures, adjustment
procedures, and calibration procedures for each device. Were the
det ai |l ed product specific conmm ssioning procedures are included in
manuf acturer supplied manuals, reference nay be made in the HVAC
control system conmi ssioning procedures to the nmanuals.

b. An HVAC control system comm ssioning procedures equi pnent
list shall be included that lists the equipment to be used to
acconpl i sh comm ssioning. The list shall include manufacturer
nane, nodel nunber, equiprment function, the date of the |atest
calibration, and the results of the |atest calibration

Performance Verification Test Procedures; G RE

Si x copies of the HVAC Control System Performance Verification
Test Procedures, in booklet form and i ndexed, 60 days before the
Contractor's schedul ed test dates. The perfornmance verification
test procedures shall refer to the devices by their unique
identifiers as shown, shall explain, step-by-step, the actions and
expected results that will denonstrate that the HVAC contro
system performs in accordance with the sequences of operation, and
ot her contract documents. An HVAC control system perfornance
verification test equipnent list shall be included that lists the
equi pnment to be used during performance verification testing. The
list shall include nmanufacturer nane, nodel nunber, equi pnent
function, the date of the latest calibration, and the results of
the latest calibration.

Training; G RE

An outline for the HVAC control systemtraining course with a
proposed time schedule. Approval of the planned training schedul e
shal | be obtained fromthe Government at |east 60 days prior to
the start of the training. Six copies of HVAC control system
training course material 30 days prior to the scheduled start of
the training course. The training course material shall include
t he operation nanual, naintenance and repair manual, and paper
copi es of overheads used in the course.

SD-06 Test Reports
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Conmi ssi oni ng Report; G EC,

Si x copies of the HVAC Control System Comi ssioning Report, in
bookl et form and i ndexed, within 30 days after conpletion of the
system conmi ssi oning. The commi ssioning report shall include data
col l ected during the HVAC control system conmi ssioning procedures
and shall follow the format of the comm ssioning procedures. The
conmi ssioning report shall include all configuration checksheets
with final values listed for all paraneters, setpoints, P, I, D
setting constants, calibration data for all devices, results of
adjustrments, and results of testing.

Performance Verification Test; G RE

Si x copies of the HVAC Control System Performance Verification
Test Report, in booklet formand indexed, within 30 days after
conpletion of the test. The HVAC control system performance
verification test report shall include data collected during the
HVAC control system perfornance verification test. The origina
copies of all data gathered during the performance verification
test shall be turned over to the Government after Government
approval of the test results.

SD-07 Certificates
Air Storage Tank; G RE
An ASME Air Storage Tank Certificate for each storage tank.
SD-10 Operation and Mai ntenance Data

Qperation Manual; G RE
Mai nt enance and Repair Mnual; G RE

Si x copies of the HVAC Control System Operation Manual and HVAC
Control System Mai ntenance and Repair Mnual, for each HVAC
control system 30 days before the date schedul ed for the training
cour se.

4 DELI VERY AND STORAGE

Products shall be stored with protection fromthe weather, humidity and
tenperature variations, dirt and dust, and other contam nants, within the
storage condition limts published by the equi prent manufacturer. Danpers
shall be stored so that seal integrity, blade alignment and frane alignnent
are mai ntai ned.

.4 OPERATI ON MANUAL

An HVAC control system operation manual in indexed booklet formshall be
provi ded for each HVAC control system The operati on nanual shall include
t he HVAC control system sequence of operation, and procedures for the HVAC
system start-up, operation and shut-down. The operation manual shal

i ncl ude as-built HVAC control systemdetail drawi ngs. The operation manua
shall include the as-built configuration checksheets, the procedures for
changi ng HVAC control system setpoints, and the procedures for placing HVAC
systemcontrollers in the manual control node.

a. The procedures for changi ng HVAC control system setpoints shal
descri be the step-by-step procedures required to change the process
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vari abl e setpoints, the alarmsetpoints, the bias settings, and set point
reset schedul es.

b. The procedures for placing HV/AC system controllers in the manua
control node shall describe step-by-step procedures required to obtain
manual control of each controlled device and to nmanual ly adjust their
posi tions.

1.5 MAI NTENANCE AND REPAI R MANUAL

An HVAC control system mai nt enance and repair manual in i ndexed bookl et
formin hardback binders shall be provided for each HVAC control system
The mai ntenance and repair nanual shall include the routine maintenance
checklist, a recomended repair nmethods list, a list of recommended

mai nt enance and repair tools, the qualified service organization list, the
as-built comm ssioning procedures and report, the as-built performance
verification test procedures and report, and the as-built equi pnent data
bookl et .

a. The routine maintenance checklist shall be arranged in a col umar
format. The first colum shall list all devices listed in the equi prent
conpl i ance bookl et, the second colum shall state the maintenance activity
or state no mai ntenance required, the third colum shall state the
frequency of the maintenance activity, and the fourth colum for additiona
comments or reference.

b. The recomended repair methods list shall be arranged in a
columar format and shall list all devices in the equi pnment data conpliance
bookl et and state the gui dance on recomended repair methods, either field
repair, factory repair, or whole-itemrepl acenent.

c. The as-built equipnent data bookl et shall include the equiprent
conpl i ance bookl et and manufacturer supplied user manuals and information.

d. If the operation manual and the maintenance and repair nanual are
provided in a common volunme, they shall be clearly differentiated and
separatel y i ndexed.

1.6 MAI NTENANCE AND SERVI CE

Services, materials and equi pment shall be provided as necessary to
maintain the entire systemin an operational state as specified for a
peri od of one year after successful conpletion and acceptance of the
Performance Verification Test. |Inpacts on facility operations shall be
m ni m zed.

1.6.1 Descri ption of Wbrk
The adjustnent and repair of the systemshall include the manufacturer's
requi red adjustnents of conputer equipnment, software updates, transm ssion
equi prent and i nstrunentati on and control devices.

1.6.2 Per sonne
Service personnel shall be qualified to acconplish work pronptly and
satisfactorily. The Governnent shall be advised in witing of the nane of

t he desi gnated service representative, and of any changes in personnel

1.6.3 Schedul ed I nspecti ons
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Two inspections shall be perfornmed at six-nmonth intervals and all work
required shall be performed. |Inspections shall be scheduled in June and
December. These inspections shall include:

a. Visual checks and operational tests of equipment.
b. Fan checks and filter changes for control system equi pnent.

c. Cean control system equipnent including interior and exterior
surf aces.

d. Check and calibrate each field device. Check and calibrate 50
percent of the total anal og points during the first inspection. Check and
calibrate the remai ning 50 percent of the anal og points during the second
maj or inspection. Certify analog test instrumentation accuracy to be tw ce
that of the device being calibrated. Randomy check at |east 25 percent of
all digital points for proper operation during the first inspection
Randomy check at |east 25 percent of the renmaining digital points during
t he second inspection

e. Run system software diagnostics and correct diagnosed probl ens.
f. Resolve any previous outstandi ng probl ens.
.6.4  Schedul ed Wrk

This work shall be perfornmed during regul ar working hours, Mnday through
Fri day, excluding |egal holidays.

.6.5 Enmer gency Service

The Government will initiate service calls when the systemis not
functioning properly. (Qualified personnel shall be available to provide
service to the system A tel ephone nunber where the service supervisor can
be reached at all tines shall be provided. Service personnel shall be at
the site within 4 hours after receiving a request for service. The contro
system shall be restored to proper operating condition within 1 cal endar
day or 8 hours.

.6.6 Oper ation

Schedul ed adjustnents and repairs shall include verification of the contro
system operation as denonstrated by the applicable tests of the performance
verification test.

.6.7 Records and Logs

Dated records and | ogs shall be kept of each task, with cumul ative records
for each najor conponent, and for the conplete systemchronologically. A
continuous |l og shall be maintained for all devices. The |log shall contain
initial anal og span and zero calibration values and digital points.

Conpl ete | ogs shall be kept and shall be available for inspection onsite,
denonstrating that planned and systematic adjustnents and repairs have been
acconpl i shed for the control system

.6.8 Wor k Request s

Each service call request shall be recorded as received and shall include
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the serial number identifying the conponent involved, its |ocation, date
and tine the call was received, nature of trouble, names of the service
personnel assigned to the task, instructions describing what has to be
done, the amobunt and nature of the materials to be used, the time and date
work started, and the tine and date of conmpletion. A record of the work
perfornmed shall be submitted within 5 days after work i s acconpli shed.

.6.9 System Modi fications

Recommendati ons for system nodification shall be subnmitted in witing. No
system nodi fi cations, including operating paraneters and control settings,
shal | be nade wi thout prior approval of the Governnent. Any nodifications
nmade to the systemshall be incorporated into the operations and

mai nt enance nanual s, and ot her docunentation affected.

.6.10 Sof t war e

Updates to the software shall be provided for system operating and
application software, and operation in the systemshall be verified.
Updates shall be incorporated into operations and mai ntenance nanual s, and
sof tware docunentation. There shall be at |east one schedul ed update near
the end of the first year's warranty period, at which tine the | atest

rel eased version of the Contractor's software shall be installed and
val i dat ed

T FACTORY TESTI NG

The Contractor shall assenble the factory test DDC system as specified and
shall performtest to denonstrate that the performance of the system
satisfies the requirements of this specification. Mdel nunbers of

equi pnment tested shall be identical to those to be delivered to the site.
Oiginal copies of data produced, including results of each test procedure
during factory testing shall be delivered to the Government at the
conclusion of testing, prior to Governnent approval of the test. The test
results docunentation shall be arranged so that commands, responses, and
data acquired are correlated in a manner which will allow for | ogical
interpretation of the data.

7.1 Factory Test Setup

The factory test setup shall include the follow ng:
a. Central workstation/tester
b. Printer.
c. DDC test set.
d. Portable workstation/tester.
e. Comuni cation |inks of each type and speed incl udi ng MODEMs.
f. D al-up MODEM

g. Software.

PART 2 PRODUCTS

2.

1 GENERAL EQUI PMENT REQUI REMENTS
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Units of the sane type of equipnent shall be products of a single

manuf acturer. Each major conponent of equi pnent shall have the

manuf acturer's name and address, and the nodel and serial nunmber in a
conspi cuous place. Materials and equi prent shall be standard products of a
manuf acturer regularly engaged in the manufacturing of such products, which
are of a simlar nmaterial, design and workmanshi p. The standard products
shal | have been in a satisfactory commercial or industrial use for two
years prior to use on this project. The two years' use shall include
applications of equiprment and nmaterials under simlar circunstances and of
simlar size. The two years' experience shall be satisfactorily conpl eted
by a product which has been sold or is offered for sale on the conmercia
mar ket through advertisenents, nanufacturers' catal ogs, or brochures.
Products having |l ess than a two-year field service record will be
acceptable if a certified record of satisfactory field operation, for not

| ess than 6,000 hours exclusive of the manufacturer's factory tests, can be
shown. The equi pnent itens shall be supported by a service organization

Itens of the same type and purpose shall be identical, including equipment,
assenblies, parts and components. Autonmtic tenperature controls shall be
direct digital controls that will provide the required sequence of
operation.

1.1 El ectrical and El ectronic Devices

El ectrical, electronic, and el ectropneunatic devices not |ocated within a
DDC panel shall have a NEMA ICS 1 encl osure in accordance with NEMVA 250
unl ess ot herw se shown.

1.2 St andard Signal s

Except for air distribution terminal unit control equi prment, the output of
all analog transmitters and the anal og i nput and output of all DDC
controllers shall be 4-to0-20 mAdc signals. The signal shall originate from
current-sourci ng devices and shall be received by current-sinking devices.

. 1.3 Anbi ent Tenperature Limts

DDC panel s shall have anbient condition ratings of 1.7 to 49 degrees C and
10 to 95 percent relative hum dity, noncondensing. Devices installed
outdoors shall operate within limt ratings of mnus 37 to plus 66 degrees
C. Instrunmentation and control elements shall be rated for continuous
operation under the anbient environnental tenperature, pressure, hunmdity,
and vi bration conditions specified or nornally encountered for the
installed | ocation.

1.4 Year 2000 Conpli ance

Al'l equi pnment and software shall be Year 2000 conpliant and shall be able
to accurately process date/tinme data (including, but not linted to,

cal cul ati ng, conparing, and sequencing) from into, and between the
twentieth and twenty-first centuries, including | eap year cal cul ati ons,
when used in accordance with the product docunentation provided by the
contractor, provided that all products (e.g. hardware, software, firmare)
used in conbination with other infornmation technol ogy, shall accurately
process date/tine data if other information technol ogy properly exchanges
date/tine data with it.

2 TUBI NG
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2.1 Copper

Copper tubing shall conformto ASTM B 88, ASTM B 88M and shall have sweat
fittings and val ves.

. 2.2 St ai nl ess St ee

Stainl ess steel tubing shall conformto ASTM A 269 and shall have stainless
steel conpression fittings.

.2.3 Pl astic

Pl astic tubing shall have barbed fittings and valves. Plastic tubing shal
have the burning characteristics of |inear |owdensity polyethyl ene tubing,
shal | be sel f-extinguishing when tested in accordance with ASTM D 635,

shall have UL 94 V-2 flammability classification, and shall withstand
stress cracking when tested in accordance with ASTM D 1693. Pl astic-tubing
bundl es shall be provided with Mylar barrier and fl ane-retardant

pol yet hyl ene j acket.

.3 W RI NG

.3.1 Term nal Bl ocks

Term nal bl ocks shall be insulated, nodul ar, feed-through, clanp style with
recessed captive screwtype clanping nmechanism shall be suitable for rai
mounti ng, and shall have end plates and partition plates for separation or
shal I have encl osed si des.

. 3.2 Control Wring for 24-Volt Circuits

Control wiring for 24-volt circuits shall be 18 AWG mi ni num stranded
copper and shall be rated for 300-volt service.

.3.3 Wring for 120-Volt Circuits

Wring for 120-volt circuits shall be 18 AWG ni ni mum stranded copper and
shall be rated for 600-volt service.

.3.4 I nstrunentati on Cabl e

Instrunmentation cable shall be 18 AWG stranded copper, single- or
multiple-twisted, minimum50 mm lay of twi st, 100 percent shiel ded pairs,
and shall have a 300-volt insulation. Each pair shall have a 20 AWG

ti nned-copper drain wire and individual overall pair insulation. Cables
shal | have an overall al um num pol yester or tinned-copper cable-shield
tape, overall 20 AWG tinned-copper cable drain wire, and overall cable

i nsul ati on.

.3.5 Transforners

Step down transformers shall be utilized where control equi pment operates
at lower than line circuit voltage. Transformers, other than transforners
in bridge circuits, shall have prinaries wound for the voltage avail abl e
and secondaries wound for the correct control circuit voltage. Transforner
shal |l be sized so that the connected load is 80 percent of the rated
capacity or less. Transformers shall conformto UL 508 and NEMA ST 1.

4  ACTUATCRS
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Actuators shall be pneumatic as shown and shall be provided with nounting
and connecting hardware. Actuators shall fail to their spring-return
positions on signal or power failure . The actuator stroke shall be
limted in the direction of power stroke by an adjustable stop. Actuators
shal |l have a visible position indicator. Actuators shall snpothly open or
cl ose the devices to which they are applied and shall have a full stroke
response tinme of 90 seconds or less. Electric actuators shall have an

oi | -imrersed gear train. Electric or electronic actuators operating in
series shall have an auxiliary actuator driver. Electric or electronic
actuators used in sequencing applications shall have an adjustable
operating range and start point. Pneunatic actuators shall be rated for
172 kPa operating pressure except for high-pressure cylinder-type

actuat ors.

.4.1 Val ve Actuators

Val ve actuators shall be selected to provide a m ni num of 125 percent of
the notive power necessary to operate the valve over its full range of
operation.

. 4.2 Positive Positioners

Positive positioners are required for pneumatic actuators. Each positive
positioner shall be a pneunatic relay with a nechanical feedback nechani sm
and an adj ustabl e operating range and starting point.

.5 AUTOVATI C CONTRCL VALVES

Val ves shal |l have stainless-steel stens and stuffing boxes wth extended
necks to clear the piping insulation. Unless otherw se stated, valves
shal | have gl obe style bodies. Valve bodies shall be designed for not |ess
than 862 kPa working pressure or 150 percent of the system operating
pressure, whichever is greater. Valve |eakage rating shall be 0.01 percent
of rated Kv . Unless otherw se specified, bodies for valves 40 nm and
smal | er shall be brass or bronze, with threaded or union ends; bodies for
50 nm val ves shall have threaded ends; and bodies for valves 50 to 80 mm
shal |l be of brass, bronze or iron. Bodies for valves 65 mm and |arger
shal |l be provided with flanged-end connections. Valve Kv shall be within
100 to 125 percent of the Kv shown.

.5.1 Butterfly Val ve Assenbly

Butterfly val ves shall be threaded |ug type suitable for dead-end service
and nodul ation to the fully-closed position, with carbon-steel bodies and
noncorrosi ve di scs, stainless steel shafts supported by bearings, and EPDM
seats suitable for tenmperatures frommnus 29 to plus 121 degrees C

Val ves shall have a manual mneans of operation i ndependent of the actuator

The rated Kv for butterfly valves shall be the value Kv at 70% open (60
degrees open).

.5.2 Two- V\y Val ves

Two-way nodul ati ng val ves shall have equal - percentage characteristics.

.5.3 Thr ee-Way Val ves

Three-way val ves shall provide linear flow control with constant total flow

t hroughout full plug travel.
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2.5.4 Val ves for Steam Service

Bodi es for valves 100 mm and larger shall be iron. Internal valve trim
shal | be Type 316 stainless steel. Valve Kv shall be not |ess than shown
nor greater than the Kv of the manufacturer's next |arger size.

.6 DAMPERS
.6.1 Danper Assenbly

A singl e danper section shall have blades no |onger than 1.2 nmeters and
shall be no higher than 1.8 neters. Maxi mum danper bl ade wi dth shall be
203 nm Larger sizes shall be nade from a conbination of sections.
Danpers shall be steel, or other materials where shown. Flat blades shal
be made rigid by folding the edges. Bl ade-operating |inkages shall be
within the frame so that bl ade-connecting devices within the sane danper
section shall not be located directly in the air stream Danper axles
shall be 13 mm mninmm plated steel rods supported in the danper franme by
stai nl ess steel or bronze bearings. Blades nounted vertically shall be
supported by thrust bearings. Pressure drop through danmpers shall not
exceed 10 Pa at 5.1 m's in the w de-open position. Franes shall not be
less than 50 nm in width. Danpers shall be tested in accordance with AMCA
500.

.6.2 Qperating Links

Operating |inks external to danpers, such as crankarms, connecting rods,
and line shafting for transmtting notion from danper actuators to danpers,
shall withstand a |oad equal to at |east twi ce the maxi rum required
danper-operating force. Rod |lengths shall be adjustable. Links shall be
brass, bronze, zinc-coated steel, or stainless steel. W rking parts of
joints and cl evises shall be brass, bronze, or stainless steel

Adj ust ments of crankarmnms shall control the open and cl osed positions of
danpers.

.6.3 Damper Types

Danpers shall be parallel-blade unless butterfly type is shown on the
dr awi ngs.

.6.3.1 Qutside Air, Return Air, and Relief Air Parallel Blade Danpers

Qutside air, return air and relief air danpers shall be provi ded where
shown. Bl ades shall have interlocking edges and shall be provided wth
conpressi bl e seals at points of contact. The channel franmes of the danpers
shall be provided with janb seals to mnimze air | eakage. Danpers shal

not leak in excess of 102 L/s per square neter at 1017 Pa static pressure
when cl osed. Seals shall be suitable for an operating tenmperature range of
m nus 40 to plus 94 degrees C Danpers shall be rated at not |ess than 10
ms air velocity.

.6.3.2 Butterfly Danpers

Butterfly danpers shall be installed where shown on the draw ngs. Danpers
shal |l consist of a circular blade, nounted to axle within forned fl anged
franme. Blade shall be 1/4 inch thick mnimumwth full circunference

el astomer type wi per seal retained by seal ring bolted to the blade. The
seal shall be field adjustable and repl aceabl e. Danper shaft shall be
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conti nuous, extending through the entire danper dianeter and extending
beyond the danper bearing a mninmum of 6 inches. Leakage through danper
shal |l not exceed in the closed position 0.029 standard cubic feet per

m nute (SCFM per inch of blade circunference at a pressure differential of
10 inches of water. Maximum pressure drop accross and open danper shal

not exceed 0.010 inches of water at design CFM

.6.3.3 Mechani cal and El ectrical Space Ventil ati on Danpers

Mechani cal and el ectrical space ventilation danpers shall be as shown.
Danpers shall not |eak in excess of 406 L/s per square neter at 1017 Pa
static pressure when closed. Danpers shall be rated at not less than 7.6
nms air velocity.

.6.3.4 Snoke Danpers

Snoke- danper and actuator assenbly required per NFPA 90A shall neet the
Class Il | eakage requirements of UL 555S. Danpers shall be rated at not
less than 10 nis air velocity.

.6.4 Danper End Switches

Each end switch shall be a hermetically sealed switch with a trip | ever and
over-travel nechanism The switch enclosure shall be suitable for nounting
on the duct exterior and shall pernmit setting the position of the trip

| ever that actuates the switch. The trip |lever shall be aligned with the
danper bl ade.

.7 SMOKE DETECTORS

Duct snoke detectors shall be provided in supply and return air ducts in
accordance wi th NFPA 90A. Duct snoke detectors shall conformto the

requi renents of UL 268A. Duct snoke detectors shall have perforated

sampl ing tubes extended into the air duct. Detector circuitry shall be
mounted in a netallic enclosure exterior to the duct. Detectors shall have
manual reset. Detectors shall be rated for air velocities that include air
flows between 2.5 and 20 nis. Detectors shall be powered fromthe fire
alarm control panel (FACP). Detectors shall have two sets of normally open
al arm contacts and two sets of normally closed alarmcontacts. Detectors
shal |l be connected to the building fire alarmpanel for alarminitiation.

A renote annunci ation | anp and accessible renmpte reset switch shall be
provi ded for duct detectors that are nounted eight feet or nore above the
finished floor and for detectors that are not readily visible. Renbte

| anps and switches as well as the affected fan units shall be properly
identified in etched rigid plastic placards.

.8 | NSTRUMENTATI ON
.8.1 Measur enent s

Transmitters shall be calibrated to provide the foll owi ng neasurenents,
over the indicated ranges, for an output of 4 to 20 mAdc:

a. Conditioned space tenmperature, from10 to 30 degrees C .
b. Duct tenperature, from5 to 60 degrees C.

c. High-tenmperature hot-water tenperature, from94 to 260 degrees C
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d. Chilled-water tenperature, fromninus 1 to plus 38 degrees C
e. Dual-tenperature water, frommnus 1 to plus 116 degrees C

f. Heating hot-water tenperature, from10 to 121 degrees C

g. Condenser-water tenperature, frommnus 1 to plus 55 degrees C
h. Qutside-air tenperature, frommnus 35 to plus 55 degrees C

i. Relative humdity, O to 100 percent for space and duct high-limt
applications.

j. Differential pressure for VAV supply-duct static pressure fromO
to 500 Pa .

k. Pitot-tube air-flow neasurenent station and transmtter, fromO to
25 Pa for flowvelocities of 3.5to 6 mMs , 0 to 60 Pa for velocities of
3.5t0 9 mMs , or O to 125 Pa for velocities of 3.5 to 13 m's .

|. Electronic air-flow neasurenent station and transmtter, fromO0.6
to 13 m's .

.8.2 Tenperature Instrunments
.8.2.1 Resi st ance Tenperature Detectors (RTD)

Tenmperature sensors shall be 100 ohns 3- or 4-wire RTD. Each RTD shall be
platinumwi th a tol erance of 0.30 degrees C at 0O degrees C wth a
tenperature coefficient of resistance (TCR) of .00385 ohns/ohm deg C and
shal | be encapsul ated i n epoxy, series 300 stainless steel, anodized

al um num or copper. Each RTD shall be furnished with an RTD transnmitter
as specified, integrally nounted unl ess ot herw se shown.

.8.2.2 Cont i nuous Averagi ng RTD

Conti nuous averagi ng RTDs shall have a tolerance of plus or minus 0.5
degrees C at the reference tenperature, and shall be of sufficient |length
to ensure that the resistance represents an average over the cross section
inwhich it is installed. The sensing elenment shall have a bendabl e copper
sheath. Each averagi ng RTD shall be furnished with an RTD transnitter to
mat ch the resistance range of the averagi ng RTD.

.8.2.3 RTD Transnitter

The RTD transmitter shall match the resistance range of the RTD. The
transmtter shall be a two-wire, |oop powered device. The transmitter
shal | produce a linear 4-to-20 mAdc out put corresponding to the required
tenperature nmeasurenent. The output error shall not exceed 0.1 percent of
the calibrated nmeasurenent.

.8.3 Rel ative Humi dity Instruments

Arelative-humdity instrunent for indoor application shall have a
nmeasurenent range fromO to 100 percent relative-humidity and be rated for
operation at anbient air tenperatures within the range of mnus 4 to plus
55 degrees C. It shall be capable of being exposed to a condensing air
stream (100 percent RH) with no adverse effect to the sensor's calibration
or other harmto the instrument. The instrunment shall be of the
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wal | -nounted or duct-nounted type, as required by the application, and
shal |l be provided with any required accessories. Instrunents used in duct
high-limt applications shall have a bul k pol ynmer resistive sensing

el ement. Duct-nounted instrunments shall be provided with a duct probe
designed to protect the sensing el enent from dust accunul ati on and
nmechani cal danage. The instrument (sensing elenent and transnmitter) shal
be a two-wire, |oop-powered device and shall have an accuracy of plus or

m nus three percent of full scale within the range of 20 to 80 percent
relative humdity. The instrument shall have a typical long-termstability
of 1 percent or less drift per year. The transmitter shall convert the
sensing elenent's output to a linear 4-20 mAdc out put signal in proportion
to the neasured relative-hunmidity value. The transmtter shall include

of fset and span adjustnents.

.8.4 El ectronic Airflow Measurenent Stations and Transmtters

.8.4.1 St ati ons

Each station shall consist of an array of velocity sensing el enents and an
air-flow straightener. Air-flow straightener shall be contained in a
flanged sheet netal or alum num casing. The velocity sensing el ements
shall be of the RTD or thernmistor type, producing a linear output. The
sensing elenents shall be distributed across the duct cross section in the
guantity and pattern specified by the published installation instructions
of the station nmanufacturer. The resistance to air flow through the
airfl ow nmeasurenent station shall not exceed 20 Pa at an airflow of 10 nis.
Station construction shall be suitable for operation at airflows of up
to 25 nls over a tenperature range of 4 to 49 degrees C, and accuracy
shall be plus or mnus three percent over a range of 0.6 to 12.5 ms . In
outside air neasurement or in |lowtenperature air delivery applications,
the station shall be certified by the manufacturer to be accurate as
speci fied over a tenperature range of nminus 29 to plus 49 degrees C In
out side air neasurenment applications,the air flow straightener shall be
constructed of 3 nm al um num honeyconb and the depth of the straightener
shall not be less than 40 mm

.8.4.2 Transnmitters

Each transmitter shall produce a linear, tenperature conpensated 4-to-20
mAdc, out put corresponding to the required velocity pressure measurenent.
The transnitter shall be a two-wire, |oop powered device. The output error
of the transmitter shall not exceed 0.5 percent of the calibrated

nmeasur enent .

.8.5 Pi t ot Tube Airfl ow Measurenent Stations and Transmtters

.8.5.1 St ati ons

Each station shall contain an array of velocity sensing el ements and

strai ghteni ng vanes inside a flanged sheet netal casing. The velocity
sensing elenents shall be of the multiple pitot tube type with averaging
mani fol ds. The sensing elenments shall be distributed across the duct cross
section in the quantity and pattern specified by the published installation
i nstructions of the station nmanufacturer. The resistance to air flow

t hrough the airfl ow nmeasurenent station shall not exceed 20 Pa at an
airflow of 10 ms. Station construction shall be suitable for operation
at airflows of up to 25 ms over a tenperature range of 4 to 49 degrees C

and accuracy shall be plus or mnus three percent over a range of 2.5 to
12.5 nis. This device will not be used if the required velocity
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neasurenent is below 3.5 nis or for outside airflow nmeasurenents.

.8.5.2 Transmtters

Each transnmitter shall produce a linear 4-to0-20 mAdc out put correspondi ng
to the required velocity pressure nmeasurenment. FEach transmitter shall have
a lowrange differential pressure sensing element. The transmtter shal

be a two-wire, |oop powered device. Sensing elenent accuracy shall be plus
or minus one percent of full scale, and overall transmitter accuracy shal
be plus or minus 0.25 percent of the calibrated nmeasurenent.

.8.6 Differential Pressure Instrunents

The instrunent shall be a pressure transmitter with an integral sensing

el ement. The instrunent over pressure rating shall be 300 percent of the
operating pressure. The sensor/transmitter assenbly accuracy shall be plus
or minus two percent of full scale. The transmitter shall be a two-wre,

| oop- powered device. The transnitter shall produce a linear 4-to-20 mAdc
out put corresponding to the required pressure neasuremnent.

.8.7 Ther nrowel | s

Thernmowel I s shall be Series 300 stainless steel with threaded brass plug
and chain, 50 mm | agging neck and extension type well. Inside dianeter
and insertion length shall be as required for the application

.8.8 Sunshi el ds

Sunshi el ds for outside air tenperature sensing elements shall prevent the
sun fromdirectly striking the tenperature sensing elenments. The
sunshi el ds shall be provided with adequate ventilation so that the sensing
el ement responds to the anbient tenperature of the surroundings. The top
of each sunshield shall have a gal vani zed nmetal rainshield projecting over
the face of the sunshield. The sunshields shall be painted white.

.9 THERMOSTATS

Thernostat ranges shall be selected so that the setpoint is adjustable
wi t hout tools between plus or minus 5 degrees C of the setpoint shown.
Thernpstats shall be electronic or electric.

.9.1 Nonnodul ati ng Room Ther npst ats

Contacts shall be singl e-pole double-throw (SPDT), hernetically seal ed, and
wired to identified termnals. Mximmdifferential shall be 3 degrees C.
Room t hermostats shall be enclosed with separate | ocking covers (guards).

.9.2 M cr oprocessor Based Room Thernostats

M cr oprocessor based thernostats shall have built-in keypads for scheduling
of day and night tenmperature settings. Wen out of the scheduling node,

t hernpstats shall have continuous display of time, with AM and PM

i ndi cator, continuous display of day of week, and either continuous display
of roomtenperature with di splay of tenperature setpoint on demand, or
continuous display of tenmperature setpoint with display of roomtenperature
on demand. In the programmabl e node, the display shall be used for
interrogating time program ON-OFF setpoints for all seven days of the week.
The tine programshall allow two separate tenperature setback intervals
per day. The thernostats shall have a neans for tenporary and nmanua
override of the program schedule, with automatic programrestorati on on the
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following day. Thernostats shall have a replaceable battery to naintain

the timng and nmaintain the schedule in nenory for one year in the event of
a power outage. Muximumdifferential shall be 1 degree C VWhen used for
heat punp applications, the thernmostat shall have an energency heat switch.

. 9.3 Modul ati ng Room Ther nost at s

Modul ati ng room thernostats shall have either one output signal, two output
signal s operating in unison, or two output signals operating in sequence,
as required for the application. Each thernostat shall have an adjustabl e
throttling range of 2 to 4 degrees C for each output. Roomthernpstats
shal | be encl osed with separate | ocking covers (guards).

.9.4 Nonnodul ating Capillary Thernostats and Aquastats

Each t hernostat shall have a capillary length of at |east 1500 mm, shal
have adj ustable direct-reading scales for both setpoint and differential
and shall have a differential adjustable from3 to 9 degrees C Aquast at s
shall be of the strap on type, with 5 degrees C fixed differenti al

.9.5 Del et ed Par agr aph

.9.6 Modul ating Capillary Thernostats

Each t hernostat shall have either one output signal, tw output signals
operating in unison, or two output signals operating in sequence, as
required for the application. Thernostats shall have adjustable throttling
ranges of 2 to 4 degrees C for each output.

.10 PRESSURE SW TCHES AND SOLENO D VALVES
.10.1 Pressure Sw tches

Each switch shall have an adjustable setpoint with visible setpoint scale.
Range shall be as shown. Differential adjustnent shall span 20 to 40
percent of the range of the device.

.10.2 Differential -Pressure Sw tches

Each switch shall be an adjustabl e di aphragm operated device with two SPDT
contacts, with taps for sensing lines to be connected to duct pressure
fittings designed to sense air pressure. These fittings shall be of the
angled-tip type with tips pointing into the air stream The setpoint shal
not be in the upper or |ower quarters of the range and the range shall not
be more than three tinmes the setpoint. Differential shall be a maxi mum of
35 Pa at the low end of the range and 85 Pa at the high end of the range.

.10.3 Pneurmatic El ectric (PE) Switches

Each switch shall have an adjustabl e setpoint range of 20 to 140 kPa wth
a switching differential adjustable from 15 to 35 kPa . The switch action
shal | be SPDT.

.10.4 Sol enoi d- Operat ed Pneunmatic (EP) Val ves

Each val ve shall have three-port operation: comon, normally open, and

normal |y closed. Each valve shall have an outer cast al um num body and
internal parts of brass, bronze, or stainless steel. The air connection
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shall be a 10 nm NPT threaded connection. Valves shall be rated for 345
kPa when used in a control systemthat operates at 172 kPa or |less, or
1035 kPa when used in a control systemthat operates in the range of 172
to 690 kPa.

C11 | NDI CATI NG DEVI CES

.11.1  Thernoneters

Mercury shall not be used in thernoneters.

.11.1.1 Pi pi ng System Ther noneters

Pi pi ng system thernoneters shall have brass, malleable iron or alum num
all oy case and frame, clear protective face, permanently stabilized gl ass
tube with indicating-fluid colum, white face, black nunmbers, and a 230 nm
scale. Thermoneters for piping systens shall have rigid stems with
straight, angular, or inclined pattern

.11.1.2 Pi pi ng System Ther noneter Stens

Ther noneter stenms shall have expansi on heads as required to prevent
breakage at extreme tenperatures. On rigid-stemthernmoneters, the space
bet ween bul b and stemshall be filled with a heat-transfer nedi um
.11.1.3 Nonaver agi ng Air-Duct Thernoneters

Air-duct thernometers shall have perforated stem guards and 45-degree
adj ust abl e duct flanges with | ocking mechani sm

.11.1.4 Averaging Air-Duct Thernoneters

Aver agi ng thermoneters shall have a 90 mm (nominal) dial, with black
| egend on white background, and pointer traveling through a 270-degree arc.

.11.1.5 Accur acy

Thernoneters shall have an accuracy of plus or mnus one percent of scale
range. Thernmoneters shall have a range suitable for the application.

.11.2 Pressure Gauges

Gauges shall be 50 mm (nonminal) size, back connected, suitable for field
or panel nounting as required, shall have black | egend on white background,
and shall have a pointer traveling through a 270-degree arc. Accuracy
shall be plus or nminus three percent of scale range. Gauges shall neet
requi renents of ASME B40. 1.

.11. 2.1 Pneurmati ¢ Actuator Gauges

Gauges for indicating signal output to pneumatic actuators shall have an
outer scale of 21 to 103 kPa in 7 kPa graduations.

.11.2.2 Air Storage Tank and Filter and Dryer Gauge
Gauges for air storage tanks or for use before and after dirt and oi

filters or dryers, shall have a scale of 0 to 1100 kPa wth 20 kPa
gr aduat i ons.
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.11.2.3 Hydroni ¢ Syst em Gauges

Gauges for hydronic system applications shall have ranges and graduati ons
as shown.

.11.3 Low Differential Pressure Gauges

Gauges for low differential pressure neasurenents shall be a mni nrum of 90
mm (nomnal) size with two sets of pressure taps, and shall have a

di aphragm actuated pointer, white dial with black figures, and pointer zero
adj ustment. Gauges shall have ranges and graduati ons as shown. Accuracy
shal |l be plus or mnus two percent of scal e range.

.12  CONTROL DEVI CES AND ACCESSCRI ES
12,1 Rel ays

Control relay contacts shall have utilization category and ratings sel ected
for the application, with a mninumof tw sets of contacts (two normally
open, two normally closed) enclosed in a dustproof enclosure. Relays shal
be rated for a mnimumlife of one mllion operations. COperating tine
shall be 20 mlliseconds or |less. Relays shall be equipped with coi

transi ent suppression devices to linmt transients to 150 percent of rated
coil voltage. Tine delay relays shall be 2PDT with eight-pin connectors,
dust cover, and a matching rail-munted socket. Adjustable tining range
shall be 0 to 5 minutes. Power consunption shall not be greater than three
watts.

.12.2 Current to Pneumatic (IP) Transducers

The transducers shall be two-wire current-to-pressure transnmtters that
convert a 4-to-20 mAdc input signal to a 21 to 103 kPa (3 to 15 psig) , or
a 103 to 21 kPa (15 to 3 psig) , pneumatic output, with a conversion
accuracy of plus or mnus two percent of full scale, including linearity
and hysteresis. Input inmpedance shall not exceed 250 ohns. Air
consunption shall not be greater than 0.12 L/s.

.12.3 Joul e or Watthour Meters

Joule nmeters shall be in accordance with ANSI Cl12.1 and have pul se
initiators for remote nonitoring of Joule consunption. Pulse initiator
shal |l consist of formC contacts with a current rating not to exceed two
anperes and voltage not to exceed 500 V, with conbinations of VA not to
exceed 100 VA, and a life rating of one billion operations. Mter sockets
shall be in accordance with ANSI Cl2.1.

.12.4 Joul e or Watthour Meters with Denand Register

Meters shall be in accordance with ANSI Cl12.1 and shall have pul se
initiators for remote nonitoring of Joule consunption and instantaneous
demand. Pulse initiators shall consist of formC contacts with a current
rating not to exceed two anperes and voltage not to exceed 500 V, wth
conbi nati ons of VA not to exceed 100 VA, and a life rating of one billion
operations. Meter sockets shall be in accordance with ANSI Cl2.1

.12.5 Joul e or Watthour Transducers

Joul e transducers shall have an accuracy of plus or mnus 0.25 percent for
kWand Joule outputs fromfull lag to full |ead power factor. |nput

15951A- 28



DACA41- 03- R- 0008- 0001

ranges for kWand Joule transducers shall be selectable w thout requiring
t he changi ng of current or potential transforners. The output shall be 4
to 20 mAdc.

.12.6 Current Sensing Rel ays

Current sensing relays shall provide a normally-open contact rated at a

m ni mum of 50 volts peak and 1/2 anpere or 25 VA, noninductive. There
shall be a single hole for passage of current carrying conductors. The
devi ces shall be sized for operation at 50 percent rated current based on
the connected | oad. Voltage isolation shall be a m ni mum of 600 volts.

12,7 Power - Li ne Conditioners (PLC)

Power line conditioners shall be furnished for each DDC panel. The PLCs
shal | provide both voltage regulation and noise rejection. The PLCs shal
be of the ferro-resonant design, with no noving parts and no tap sw tching,
while electrically isolating the secondary fromthe power-line side. The
PLCs shall be sized for 125 percent of the actual connected kVA | oad.
Characteristics of the PLC shall be as follows:

a. At 85 percent |oad, the output voltage shall not deviate by nore
than plus or mnus one percent of nominal when the input voltage fluctuates
bet ween m nus 20 percent to plus 10 percent of nom nal

b. During | oad changes of zero to full |oad, the output voltage shal
not deviate by nore than plus or mnus three percent of nomi nal voltage.
Full correction of |oad switching disturbances shall be acconplished wthin
five cycles, and 95 percent correction shall be acconplished within two
cycles of the onset of the disturbance.

c. Total harnonic distortion shall not exceed 3-1/2 percent at ful
| oad.

.13 DI RECT DI G TAL CONTROL (DDC) HARDWARE

Al'l functions, constraints, data base paraneters, operator devel oped
prograns and any ot her data shall be downl oadable froma portable

wor kstation/tester or the central workstation/tester to network contro
panels, RIU s, universal progranmable controllers, and unitary controllers.
Downl oad shall be acconplished through both the primary network and the

| ocal DDC portabl e workstation/tester port.

.13.1 Net wor k Control Pane

Net wor k control panels shall be m croconputer-based with sufficient nmenory
provided to performall specified and shown network control panel functions
and operations, including spare capacity for all spares and its I/0O
functions specified. Each network control panel and renmote [/O units (RIU)
shal | have a mnimumof 10% of its I/O functions as spare capacity but not

| ess than 2 of each type used in each. The type of spares shall be in the
same proportion as the inplemented 1/0O functions on the panel, but in no
case shall there be less than two spare points of each type. The panel /0O
functions shall be furnished conplete, with no changes or additions
necessary to support inplenentation of spare functions. Qutput relays
associated with digital signals shall be considered part of the I/0O
function, whether physically mounted in the enclosure or separately
mounted. | nplenentation of spare points shall necessitate only providing
the additional field sensor or control device, field wring including

15951A- 29



DACA41- 03- R- 0008- 0001

connection to the system and point definition assignment by the operator
using the central workstation/tester or portable workstation/tester. The
panel shall contain all necessary I/O functions to connect to field sensors
and control panels. 1/0O function operation shall be fully supervised to
detect 1/O function failures. Network control panels shall operate in an

i ndependent stand-al one node, which is defined as all network control pane
operations perforned by the network control panel w thout any continuing

i nput fromother Direct digital controls or portable workstation/tester

The network control panel shall be capable of controlling a mx of at |east
32 RIUs, unitary controllers, and universal programable controllers.

.13.1.1 I ntegral Features

The network control panel shall include:
a. Min power switch.
b. Power on indicator

c. Portable workstation/tester port, connector, and if necessary
power supply.

d. Manufacturers control network port.

e. On-Of-Auto switches for each DO which controls a device. These
switches shall be mounted in the field panel, with the exception of notors,
for which the switch shall be nounted at the notor control center
On-OFf-Auto switches are not required for DO associated with a status or
alarm such as pilot lights. The status of these switches shall be
avai l able to the panel for further processing.

f. Mnimm Mxi mum Auto sw tches, or Auto-Mnual swi tches with manua
out put override, for each AO. The status of these shall be available to
t he panel for further processing.

g. An intrusion detection device, connected as an al arm
.13.1.2 Comuni cation Interfaces
The foll owi ng comuni cati on capabilities shall function sinultaneously.

a. Manufacturers Control Network. Manufacturers control network
conmuni cations interfaces for each data transm ssion systems (DTS) circuit
bet ween network control panels and RIUs, unitary controllers, and universa
programmbl e controllers, shall be provided. Comunication interfaces
shal | be provided between each network control panel and associated 1/0
functions. The DTS will provide for transm ssi on speeds necessary to
conply with performance requirements specified. DTS equiprment shall be
installed in the network control panel enclosure.

b. Portable Wrkstation/ Tester Port. A comunications port for
interfacing to a portable workstation/tester shall be provided. Network
control panel workstation/tester port other than RS-232,shall be converted
to RS-232, including cabling and power supply, and shall be permanently
installed in the panel

c. Primary Network Port. The network control panel shall either have

a built in primary network Port or be capable of accepting a prinmary
networ k port expansion card for future networking to a base wide utility
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noni toring and control system (UMCS). The primary network port expansion
card shall be either Ethernet (1EEE802.3) or ARCNET

.13.1.3 Menory and Real Tine Cock (RTC) Backup

The network control panel menory and real tinme clock functions shal
continue to operate for a mininmumof 72 hours in the event of a power
failure. |If rechargeable batteries are provided, automatic chargi ng of
batteries shall be provided. Whenever a either a permanent

wor kst ation/tester or portable workstation/tester is nonitoring the network
control panel, a low battery al arm nessage shall be sent to it.

.13.1. 4 Dupl ex Qutl et

A single phase, 120 Vac electrical service outlet for use with test
equi prent shall be furnished either inside or within 2 nmeters of the
networ k control panel enclosure.

.13.1.5 Locki ng Encl osures

Locki ng type nounting cabinets with common keying shall be furnished for
each network control panel

.13.1.6 Fai | ure Mde

Upon failure of the network control panel, either due to failure of the
networ k control panel hardware or of the manufacturers control network, the
network control panel shall revert to the failure node as shown.

a. Mnufacturers Control Network Failure: Upon failure of the
manuf acturers control network, the network control panel shall operate in
an i ndependent stand-al one node.

b. Network Control Panel Hardware Failure: Upon failure of the
networ k control panel hardware, the network control panel shall cease
operation and stop comunications with other network control panels, RIUs,
unitary controllers and universal programmuable controllers connected to the
af fected network control panel. The affected network control panel shal
respond to this failure as specified and shown.

.13.2 R U

The RIU shall be functionally a part of the network control panel as
specified, but may be renotely |l ocated fromthe network control panel and
conmuni cate over a dedi cated comrunication circuit. Wien renotely | ocated,
the 1/0O functions shall be subject to the same requirements as for the
network control panel hardware. RIUs shall be used to connect renote

i nputs and outputs to a network control panel and shall contain al
necessary |/O functions to connect to field sensors and control devices.
Rl U operation shall be fully supervised by the network control panel to
detect failures. Each R U shall have a mnimumof 10 %of its I/0O
functions as spare capacity. The type of spares shall be in the sane
proportion as the inplenented I/0O functions on the RIU, but in no case
shall there be less than two spare points of each type. The R U shall be
furni shed complete, with no changes or additions necessary to support

i mpl enentati on of spare functions. Qutput relays associated with digita
signal s shall be considered part of the I/O function, whether physically
mounted in the enclosure or separately nounted. |Inplenmentation of spare
points by others shall require only providing the additional field sensor
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or control device, field wiring including connection to the system and
poi nt definition assignnent by the operator. The RIU shall either report
the status of all connected points on each scan, or report the status of
all points which have changed state or val ue since the previous scan.

.13.2.1 I ntegral Features
The RI U shall include:
a. Min power switch.
b. Power on indicator

c. Portable workstation/tester port, connector, and if necessary
power supply.

d. Manufacturers control network port.

e. On-Of-Auto switches for each DO which controls a device. These
switches shall be mounted in the RIU, with the exception of motors, for
which the switch shall be nounted at the notor control center. On-Of-Auto
swi tches are not required for DO associated with a status or alarm such as
pilot lights. The status of these switches shall be available to the RIU
for further processing.

f. Mninmm Maxi mum Auto swi tches, or Auto-Manual sw tches with manua
out put override, for each AO. The status of these shall be available to
t he panel for further processing.

g. An intrusion detection device, connected as an al arm

.13.2.2 Dupl ex Qutl et

A single phase, 120 Vac electrical service outlet for use with test
equi prent shall be furnished either inside or within 2 nmeters of the RU

.13.2.3 Locki ng Encl osures

Locki ng type nounting cabinets with common keying shall be furnished for
each R U

.13.2. 4 Fai | ure Mde

Upon failure of the RIU, either due to failure of the RIU hardware or of
the DTS, the RIU shall revert to the failure node shown.

.13.3 Uni versal Programmabl e Controller (UPC)

The universal programmable controller shall be a microprocessor based
control | er designed and programed to control and nmonitor systems as shown.
Resi dent prograns shall be contained in reprogramabl e nonvol atil e nmenory.

Each uni versal programmable controller shall contain necessary power
supplies, transformers, nenmory, |/O functions and comuni cations interfaces
necessary to performits required functions and to provide control and

noni toring of connected equi pmrent and devices. It shall contain al
necessary |/ O functions to connect to field sensors and controls. [/O
operation shall be fully supervised to detect 1/O function failures. It

shal |l provide for operation as a device connected to the systemvia the
manuf acturers control network.
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2.13.3.1 I ntegral Features
The uni versal programmable controller shall include as a mni num

a. Min power switch.

b. Power on indicator

c. Portable workstation/tester port, connector, and if necessary
power supply.

d. Mnufacturers control network port.

e. 1/0O functions
(1) 8 Dl
(2) 4 DO
(3) 8 Al
(4) 4 AO
(5) 1 PA

f. On-Of-Auto switches for each DO which controls a device. These
swi tches shall be nmounted in the universal programmable controller, with
t he exception of notors, for which the switch shall be nmounted at the notor
control center. On-Of-Auto switches are not required for DO associ at ed
with a status or alarmsuch as pilot lights. The status of these switches
shal |l be available to the panel for further processing.

g. M ni mum Maxi mum Auto swi tches, or Auto-Mnual switches with manua
out put override, for each AO. The status of these shall be available to
t he panel for further processing.

2.13.3.2 Conmmuni cati on I nterfaces

The UPC shall have the follow ng conmunication capabilities which shal
function sinultaneously.

a. Manufacturers Control Network. The manufacturers control network
conmuni cations interface for a data transni ssion systens (DTS) circuit
bet ween the UPC and a network control panels shall be provided. The DTS
will provide for transm ssion speeds necessary to conply with perfornmance
requi renents specified. DTS equi pnent shall be installed in the UPC Pane
encl osure.

b. Portable Wrkstation/ Tester Port. A comunications port for
interfacing to a portable workstation/tester shall be provided. A UPC
wor kstation/tester port other than RS-232, shall be converted to RS-232,

i ncludi ng cabling and power supply, and shall be permanently installed in
t he panel

2.13.3.3 Menory and RTC Backup

The UPC menory and real time clock functions shall continue to operate for
a mnimumof 72 hours in the event of a power failure. |If rechargeable
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batteries are provided, automatic charging of batteries shall be provided.
Whenever a either a permanent workstation/tester or portable

wor kstation/tester is nmonitoring the network control panel, a |low battery
al arm message shall be sent to it.

.13.3. 4 Speci fic Requirenents

Each uni versal progranmmable controller shall be accessible for purposes of
application selection, control paraneters, set point adjustnent, and

nmoni toring fromany DDC control |l er connected to the sane nmanufacturers
control network as the universal programmable controller. This shall be
done using a portable workstation/tester connected to a portable

wor kstation/tester port either directly or via nbdem

.13.3.5 Locki ng Encl osures

Locki ng type nounting cabinets with common keying shall be furnished for
each encl osure.

.13.3.6 Fai | ure Mde

Upon failure of the universal progranmable controller, it shall revert to
the failure node of operation as shown.

.13.4 Unitary Controller

The unitary controller shall be a mcroprocessor based, stand-al one,

dedi cat ed purpose controller, comunicating with the network control panel
designed and programed to control air distribution system m xi ng boxes,
termnal units, heat punps, fan coil units, self-contained DX units or VAV
boxes as shown. Each unitary controller shall contain resident prograns in
nonvol atile nmenory for each specific application inplenented. Each unitary
control l er shall contain necessary power supplies, transforners, nenory,
I/ O functions and comuni cations interfaces necessary to performits

requi red functions and to provide control and nmonitoring of connected

equi prent and devices. It shall contain all necessary |I/O functions to
connect to field sensors and controls. |/O operation shall be fully
supervised to detect I/O function failures and shall provide for operation
as a device connected to the network control panel via the manufacturers
control network.

.13.4.1 I ntegral Features
The unitary controller shall include:
a. Min power switch.
b. Power on indicator
c. Portable workstation/tester port, connector, and power supply.
d. Manufacturers control network port.
e. Al 1/Ofunctions required to inplenment the requirenents as shown.
f. On-Of-Auto switches for each DO which controls a device. These
swi tches shall be mounted in the field panel, with the exception of notors,

for which the switch shall be nounted at the notor control center
On-OFf-Auto switches are not required for DO associated with a status or
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alarm such as pilot lights. The status of these switches shall be
avai l able to the panel for further processing.

g. M ni mum Maxi mum Auto swi tches, or Auto-Mnual switches with manua
out put override, for each AO. The status of these shall be available to
t he panel for further processing.

.13.4.2 Conmmmuni cati on I nterfaces

The unitary controller shall have the foll owi ng comruni cati on capabilities
whi ch shall function simultaneously.

a. Manufacturers Control Network. The manufacturers control network
conmuni cations interface for a data transni ssion systens (DTS) circuit
between the unitary controller and a network control panel shall be
provided. The DTS will provide for transm ssion speeds necessary to conmply
wi th performance requirenents specified. DTS equipnment shall be installed
in the unitary control panel enclosure.

b. Portable Wrkstation/ Tester Port. A comunications port for
interfacing to a portable workstation/tester shall be provided. A unitary
control l er workstation/tester port other than RS-232, shall be converted to
RS- 232, including cabling and power supply, and shall be permanently
installed in the panel. For unitary controller applications where the
controller is not nounted in an enclosure, such as for fan-coil units or
VAV terminal units, a portable conversion device for an RS-232 connection
to the portable workstation/tester nmay be provided.

.13.4.3 Speci fic Requirenments

Unitary controller conponents for new air distribution termnal units shal
be furnished to the air distribution termnal unit manufacturer for factory
mounting and calibration. Existing air distribution termnal units shal

be controlled by field installed unitary controllers.

a. Accessibility and Interfaces: FEach unitary controller shall be
accessi bl e for purposes of application selection, control paranmeters, set
poi nt adjustnment, and nmonitoring using a portable workstation/tester
connected to the manufacturers control network. They shall also be

accessible with a portable workstation/tester connected to the unitary
control l er portable workstation/tester port.

.13.4.4 Fai | ure Mde

Upon failure of the unitary controller, it shall revert to the failure node
of operation as shown.

.13.5 I/ O Functi ons
.13.5.1 DDC Hardware |/ O Functi ons

I/ O Functions shall be provided as part of the DDC system and shall be in
accordance with the foll ow ng:
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a. The analog input (Al) function shall nonitor each anal og input,
perform A-to-D conversion, and hold the digital value in a buffer for
i nterrogation. The A-to-D conversion shall have a m ni mumresolution of 10
bits plus sign. Signal conditioning shall be provided for each anal og
i nput. Analog inputs shall be individually calibrated for zero and span
in hardware or in software. The Al shall incorporate common node noise
rejection of 50 dB fromO to 100 Hz for differential inputs, and nornal
node noi se rejection of 20 dB at 60 Hz froma source i npedance of 10, 000
ohms. Input ranges shall be within the range of 4-to-20 mAdc.

b. The anal og output (AO function shall accept digital data, perform
D-to- A conversion, and output a signal within the range of 4-to-20 nAdc.
D-to- A conversion shall have a mnimumresol ution of eight bits plus sign
Anal og out puts shall be individually calibrated for zero and span. Short
circuit protection on voltage outputs and open circuit protection on
current outputs shall be provided. An individual gradual sw tch for manua
overri de of each anal og output and neans of physically securing access to
t hese switches shall be provided. Each AO shall have a three-position
switch for selection of the DDC control signal, no control, or a locally
generated control signal for connection to the controlled device. Feedback
shall be provided to the systemas to the status of the output (nmanua
control or automatic). Switches for pneumatic control outputs shal
provi de a connection for an externally generated pneunmatic signal. Al
switches shall be either of a key operated design with the sane keying
system used for other outputs or otherw se suitably protected from
unaut hori zed access .

c. The digital input (D) function shall accept on-off, open-close,
or other change of state (two state data) indications. Isolation and
protection agai nst an applied steady-state voltage up to 180 Vac peak shal
be provided.

d. The digital output (DO function shall provide contact closures
for nmonentary and mai ntai ned operation of output devices. Cosures shal
have a m ni mum duration of 0.1 second. DO relays shall have an initia
br eakdown vol t age between contacts and coil of at |east 500 V peak
El ectromagnetic i nterference suppression shall be furnished on all output
lines to limt transients to nondamagi ng | evels. Protection against an
appl i ed steady-state voltage up to 180 Vac peak shall be provided. M ninum
contact rating shall be one anpere at 24 Vac. Key |ocked HOA swi tches
shal |l be provided for nanual override of each digital output. Feedback
shal |l be provided to the systemas to the status of the output (nanua
control or automatic). Switches shall be common keyed

e. The pul se accumul ator function shall have the sanme characteristics
as the DI. In addition, a buffer shall be provided to totalize pul ses and
allow for interrogation by the DDC system The pul se accumnul ator shal
accept rates up to 20 pul ses per second. The totalized value shall be
reset to zero upon operator's conmand.

f. Signal conditioning for sensors shall be provided as specified.

g. The binary coded decinal (BCD) function: The BCD function shal
have the sanme characteristics as the DI, except that, in addition, a buffer
shal |l be provided to totalize inputs and allow for interrogation by the
network control panel. The BCD function shall have 16-channel optically

i sol ated buffered inputs to read four digit numbers. The BCD function
shal | accumul ate inputs at rates up to 10 inputs per second.
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2.13.5.2 Fai | ure Mde

Upon failure of the I/O function, including data transm ssion failure,

| ogi ¢ power supply failure, DDC processor malfunction, software failure,

i nterposing relay power failure, or any other failure which prevents stand
al one operation of any DDC nornal |y capabl e of stand al one operati on,
connected out puts shall be forced to the failure node shown.

2.13.6 Port abl e Wor kst ati on/ Tester

A portable workstation/tester shall be provided and shall be able to
connect to any DDC hardware. The portable workstation/tester shall consi st
of a portable conputer with a nominal 10 inch active color matrix liquid
crystal display, capable of displaying up to 256 colors at a m ni mum

resol ution of 640 X 480 pi xels, an external VGA nonitor port, 32 bit

nm croprocessor operating at a mninmumof 100 MHZ. The portable

wor kst ation/tester shall have, as a mninum a 1200 MB hard drive, 16
negabytes of nenory, integral pointing device, serial and parallel ports,
color VGA video port for an external color nonitor, 3.5 inch floppy disk
drive, nodem PCMCIA type 3 slot, rechargeable battery, battery charger and
120 Vac power supply. It shall include carrying case, extra battery,
charger and a conpatible network adapter. The workstation/tester shall

a. Run DDC di agnostics.

b. Load all DDC menory resident prograns and information, including
parameters and constraints.

c. Display any Al, DI, AQ DO or PA point in engineering units for
anal og points or status for digital points.

d. Control any AO or DO

e. Provide an operator interface, contingent on password |evel,
all owi ng the operator to use full English |anguage words and acronyns, or
an object oriented graphical user interface.

f. Display database paraneters.

g. Modify database paraneters.

h. Accept DDC software and information for subsequent |oading into a
specific DDC. Provide all necessary software and hardware required to
support this function, including an EI A ANSI/EI A/ Tl A-232-F port.

i. Disable/enable each DDC

j. Performall workstation functions as specified.

2.14 DDC SOFTWARE

Al'l DDC software described in this specification shall be furnished as part
of the conplete DDC System

2.14.1 Qperating System

Each DDC shall contain an operating systemthat controls and schedul es that
DDC s activities in real time. The DDC shall maintain a point database in
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its menory that includes all paraneters, constraints, and the |atest val ue
or status of all points connected to that DDC. The execution of DDC
application progranms shall utilize the data in menory resident files. The
operating systemshall include a real tinme clock function that maintains

t he seconds, mnutes, hours, date and nonth, including day of the week.
Each DDC real time clock shall be automatically synchronized with the
network control panel real time clock at | east once per day to plus or

m nus 10 seconds. Wen the network control panel is connected to a centra
wor kst ation/tester, the network control panel RTC shall be updated by the
central workstation/tester RTC. The time synchronization shall be
acconpl i shed w t hout operator intervention and w thout requiring system
shutdown. The operating systemshall allow |l oading of software, data files
data entry, and diagnostics fromthe central workstation/tester both
locally through the central workstation/tester port and renmotely through a
network control panel and the manufacturers control network.

.14. 1.1 Startup

The DDC shall have startup software that causes automati c commencenent of
operation w thout human intervention, including startup of all connected
I/O functions. A DDC restart program based on detection of power failure
at the DDC shall be included in the DDC software. Upon restoration of
power to the DDC, the program shall restart equi pnent and restore |loads to
the state at tinme of power failure, or to the state as commanded by tine
prograns or other overriding progranms. The restart program shall include
start tinme delays between successive comands to prevent demand surges or
overload trips. The startup software shall initiate operation of self-test
di agnostic routines. Upon failure of the DDC, if the database and
application software are no | onger resident or if the clock cannot be read,
the DDC shall not restart and systens shall remain in the failure node

i ndicated until the necessary repairs are made. |If the database and
application prograns are resident, the DDC shall resune operation after an
adjustable tinme delay of fromO to 600 seconds. The startup sequence for
each DDC shall include a unique time delay setting for each control out put
when system operation is initiated.

.14.1.2 Qper ati ng Mode

Each DDC shall control and nonitor functions as specified, independent of
conmuni cations with other DDC. This software shall performall DDC
functions and DDC resident application prograns as specified using data
obtained fromI/O functions and based upon the DDC real tinme clock
function. Wen comunications circuits between the DDC are operable, the
DDC shall obtain real tinme clock updates and any required gl obal data

val ues transmitted from other network control panels. The DDC software
shal | execute commands after perform ng constraints checks in the DDC
Status and anal og val ues, including alarms and ot her data shall be
transmtted fromother network control panels when conmunications circuits
are operable. |If conmunications are not avail able, each DDC shall function
i n stand-al one nbde and operational data, including the |atest status and
val ue of each point and results of calculations, normally transmtted from
ot her network control panels shall be stored for later transm ssion to the

network control panel. Storage for the |latest 256 val ues shall be provided
at each network control panel. Each DDC shall accept software downl oaded
fromthe network control panel. Constraints shall reside at the DDC.

.14.1.3 Fai | ure Mode

Upon failure for any reason, each DDC shall perform an orderly shutdown and
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force all DDC outputs to a predeternined (failure nbpde) state, consistent
with the failure nbdes shown and the associ ated control device.

2.14.2 Functi ons

The Contractor shall provide software necessary to acconplish the follow ng
functions, as appropriate, fully inmplenented and operational, wthin each
network control panel, RIU, unitary controller and universal programmble
controller.

a. Scanning of inputs.

b. Control of outputs.

c. Reporting of anal og changes outside a selectable differenti al

d. Reporting of unauthorized digital status.

e. Reporting of alarns autonatically to network control panel

f. Reporting of 1/O status to network control panel upon request.

. Maintenance of real time, updated by the network control panel at
| east once a day.

h. Communication with the network control panel

i. Execution of DDC resident application prograns.

j. Averaging or filtering of Als.

k. Constraints checks (prior to command i ssuance).

|. Diagnostics.

m Portable workstation/tester operation as specified.

n. Reset of PA by operator based on tine and val ue.
2.14.2.1 Anal og Monitoring

The system shall neasure and transmit anal og val ues includi ng cal cul at ed
anal og points. An analog change in value is defined as a change exceedi ng
a preset differential value as specified. The record transnitted for each
anal og val ue shall include a readily identifiable flag which indicates the
abnormal status of the value when it deviates from operator sel ectable
upper and lower analog limts. Analog values shall be expressed in proper
engineering units with sign. Engineering units conversions shall be

provi ded for each neasurement. Each engineering units conversion set shal
i ncl ude range, span, and conversi on equation. A vocabulary of engineering
unit descriptors shall be provided, using at |east three al phanuneric
characters to identify information in the system The system shall support
255 different engineering units.

2.14.2.2 Logic (Virtual) Points
Logic (virtual) points shall be software points entered in the point

dat abase which are not directly associated with a physical 1/0O function
Logic (virtual) points shall be analog or digital points created by
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calculation fromany conbination of digital and anal og points, or other
data having the properties of real points, including alarns, wthout the
associ ated hardware. Logic (virtual) points shall be defined or cal cul ated
and entered into the database by the Contractor. The cal cul ated anal og
poi nt shall have point identification in the sane format as any ot her
anal og point. The cal culated point shall be used in any program where the
real value is not obtainable directly. Constants used in calculations
shal | be changeabl e on-line by the operator. Calcul ated point val ues shal
be current for use by the systemwi thin 10 seconds of the tine of any input
changes.

.14.2.3 State Vari abl es

If an anal og point represents nore than two (up to eight) specific states,
each state shall be naneable. For exanple, a level sensor shall be

di spl ayed at its neasured engineering units plus a state variable with
naned states usable in progranms or for display such as | ow

al armi | ow nor mal / hi gh/ hi gh al arm

.14.2.4 Analog Totalization

Any anal og point shall be operator assignable to the totalization program
Up to eight anal og values shall be totalized within a selectable tine
period. At the end of the period, the totals shall be stored.
Totalization shall then restart fromzero for the next tinme period. The
program shal |l keep track of the peak and total value neasured during the
current period and for the previous period. The operator shall be able to
set or reset each totalized value individually. The time period shall be
able to be operator defined, nodified or deleted on-Iline.

.14.2.5 Energy Totalization

The system shall cal cul ate the heat energy in Btus, for each energy source
consumed by the mechani cal systems specified, totalize the cal cul ated Btus,
the instantaneous rate in Btus per hour, and store totals in thousands of
Btus (MBtu). The Btus calculated shall be totalized for an adjustable tine
period. The tine period shall be defined uniquely for each Btu
totalization.

.14.2.6 Tr endi ng
Any anal og or cal cul ated point shall be operator assignable to the trend
program Up to eight points shall be sanpled at individually assigned
interval s, selectable between one minute and two hours. A mninum of the
nost recent 128 sanpl es of each trended point shall be stored. The sanple
intervals shall be able to be defined, nodified, or deleted on-Iline.
.14.3 |/ O Poi nt Database/ Paranmeter Definition
Each 1/ 0O point shall be defined in a database residing in the DDC. The
definition shall include all physical paranmeters associated with each
point. Each point shall be defined and entered into the database by the
Contractor, including as applicable:

a. Nane.

b. Device or sensor type (i.e., sensor, control relay, notors).

c. Point identification nunber.
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d. Unit.
e. Building nunber.
f. Area.
g. Island.
h. DDC nunber and channel address.
i. KW(running).
j. KW{(starting).
k. Sensor range.
I. Controller range.
m  Sensor span
n. Controller span.
0. Engineering units conversion (scale factor).
p. Setpoint (anal og).
g. Hi gh reasonabl eness val ue (anal og).
r. Low reasonabl eness val ue (anal og).
s. Hghalarmlint differential (return to nornal).
t. Lowalarmlimt differential (return to normal).
u. High alarmlimt (anal og).
v. Lowalarmlimt (analog).
w. Alarmdisable time period upon startup or change of setpoint.
X. Anal og change differential (for reporting).
y. Alarmclass and associated prinary nessage text.
z. H gh accumulator limt (pulse).
aa. Status description
bb. Run tinme target.
cc. Failure node as specified and shown.
dd. Constraints as specified.
2.14.4 Al arm Processing

Each DDC shall have al arm processing software for Al, D, and PA alarms for
all real and virtual points connected to that DDC
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2.14.4.1 Digital Alarns Definition

Digital alarms are those abnormal conditions indicated by DIs as specified
and shown.

2.14.4.2 Anal og Al arns Definition

Anal og al arns are those conditions higher or |ower than a defined value, as
nmeasured by an Al. Anal og readings shall be conpared to predefined high
and low limts, and alarmed each time a value enters or returns froma
[imt condition. Unique high and low linits shall be assigned to each
anal og point in the system Analog alarmlimts shall be stored in the DDC
dat abase. Each analog alarmlimt shall have an associated unique limt

di fferential specifying the amount by which a variable nmust return into the
proper operating range before being annunciated as a

return-to-normal -state. Al limts and differentials shall be entered
on-line by the operator in limts of the neasured variable, wthout
interruption or loss of nonitoring of the point concerned. The program
shal | automatically change the high or lowlimts or both, of any anal og
poi nt, based on tine schedul ed operations as specified, allowing for a tine
interval before the alarmlimt becones effective. |In CPA applications,
key the Iimt to a finite deviation traveling with the setpoint. The
system shal|l automatically suppress anal og alarmreporting associated with
a digital point when that digital point is turned off.

2.14. 4.3 Pul se Accurmul ator Alarnms Definition
Pul se accurmul ator alarms are those conditions calculated fromtotalized
val ues of accumul ator inputs or PA input rates that are outside defined
limts as specified and shown. PA totalized values shall be conpared to
predefined linmts and alarned each tine a value enters a limt condition
Unique limts shall be assigned to each PA point in the system Limts
shall be stored in the DDC dat abase.

2.14.5 Constraints

2.14.5.1 Equi pnent Constraints Definitions

Each control point in the database shall have DDC resident constraints
defined and entered by the Contractor, including as applicable:

a. Mximumstarts (cycles) per hour
b. Mnimmoff tine.
c. Mnimumon tine.
d. Hghlimt (value in engineering units).
e. Lowlimt (value in engineering units).
2.14.5.2 Constrai nts Checks
Control devices connected to the systemshall have the DDC nenory resident
constraints checked before each command is issued to insure that no
equi prent danage will result frominproper operation. Each comrand shal

be executed by the DDC only after all constraints checks have been passed.
Each command poi nt shall have uni que constraints assigned. High and | ow
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"reasonabl eness" val ues or one differential "rate-of-change" val ue shall be
assigned to each Al. Values outside the reasonableness limts shall be

rej ected and an al arm message sent to the network control panel or portable
wor kstation/tester. Status changes and anal og poi nt val ues shall be
reported to the workstati on upon operator request, such as for reports,

al phanuneric di splays, graphic displays, and application prograns. Each

i ndi vidual point shall be capable of being selectively disabled by the
operator froma workstation/tester. Disabling a point shall prohibit

nmoni toring and automatic control of that point.

.14.6 Di agnosti cs

Each DDC shall have self-test diagnostic routines inplemented in firmare.
The tests shall include routines that exercise nmenory. Diagnostic software
shall be usable in conjunction with the central workstation/tester and
portabl e workstation/tester. The software shall display nessages in
English to informthe tester's operator of diagnosed probl ens.

.14.7 Sunmer - Wnter Operation Monitoring

The system shall provide software to automatically change the operating
parameters, nmonitoring of alarmlimts, and start-stop schedul es for each
nmechani cal system from sumer to winter and vice-versa. The software shal
provi de automatic comands to applications prograns to coordinate proper
sunmer or wi nter operation. Change over setpoints shall be operator

sel ectabl e and settable.

.14.8 Control Sequences and Control Loops

Sufficient menory shall be provided to inplement the requirenents specified
and shown for each DDC. Specific functions to be inplenented are defined
in individual system control sequences and dat abase tables shown in the
draw ngs, and shall include, as applicable, the follow ng:

a. Pl Control: This function shall provide proportional control and
proportional plus integral control

b. Two Position Control: This function shall provide control for a
two state device by conparing a set point against a process variable and an
est abl i shed deadband.

c. Floating Point Control: This function shall exercise control when
an error signal exceeds a selected deadband, and shall nmintain contro
until the error is within the deadband linmts.

d. Signal Selection: This function shall allow the selection of the
hi ghest or | owest anal og value froma group of anal og values as the basis
of control. The function shall include the ability to cascade anal og
val ues so that |arge numbers of inputs can be reduced to one or two outputs.

e. Signal Averaging: This function shall allow the mathematica
cal cul ati on of the average anal og value froma group of anal og val ues as
the basis of control. The function shall include the ability to "weight"
t he individual anal og values so that the function output can be biased as
necessary to achi eve proper control

f. Reset Function: This function shall develop an AO based on up to
two Als and one operator specified reset schedul e.
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g. Cooling/Heating Operation Program Software shall be provided to
change, either automatically or on operator conmand, the operating
paranmeters, monitoring of alarmlimts, and start-stop schedul es for each
nmechani cal system where such a change from cooling to heating and vice
versa i s meaningful. The software shall provide commands to application
prograns to coordi nate cooling or heating node operation. Software shal
automatically switch facilities fromcooling to heating, and vice versa,
based on schedul es or tenperatures. Al HVAC equi prent and systens shal
be assigned to the program

.14.9 Command Priorities

A schene of priority levels shall be provided to prevent interaction of a
conmand of low priority with a conmand of higher priority. The system
shall require the latest highest priority command addressed to a single
point to be stored for a period of time |longer than the |ongest tine
constraint in the on and off states, insuring that the correct comrand
shal |l be issued when the tine constraint is no longer in effect or report
the rejected command. Override comands entered by the operator shall have
hi gher priority than those emanating from applications prograns.

.14.10 Resi dent Application Software

The Contractor shall provide resident applications prograns to achi eve the
sequences of operation, paraneters, constraints, and interlocks necessary
to provide control of the systenms connected to the DDC system Application
programs shall be resident and shall execute in the DDC, and shal
coordinate with each other, to insure that no conflicts or contentions
remai n unresolved. The Contractor shall coordinate the application
prograns specified with the equi pment and controls operation, and ot her
specified requirenents. A schene of priority levels shall be provided to
prevent interaction of a command of low priority with a command of hi gher
priority. The systemshall require the |latest highest priority comand
addressed to a single point to be stored for a period of tine |onger than
the I ongest tine constraint in the ON and OFF states, insuring that the
correct command shall be issued when the tinme constraint is no |longer in
effect or the rejected conmand shall be reported. Override conmands
entered by the operator shall have higher priority than those enmanating
from application prograns.

.14.10.1 Program I nputs and Qut puts

The Contractor shall select the appropriate programinputs |listed for each
application programto calculate the required program outputs. Were the
specific programinputs are not available, a "default" value or virtua
poi nt appropriate for the equi pnent being controlled and the proposed
sequence of operation shall be provided to replace the m ssing input, thus
allowing the application programto operate. Als to application prograns
shal | have an operator adjustable deadband to preclude short cycling or
hunting. Program outputs shall be real analog or digital outputs or logic
(virtual) points as required to provide the specified functions. The
Contractor shall select the appropriate input and output signals to satisfy
the requirenents for control of systens as shown.

.14.10.2 DDC General Conditions
The Contractor shall provide software required to achi eve the sequences of

operation, paraneters, constraints, and interlocks shown. Application
software shall be resident in the DDC in addition to any other required
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software. In the event of a DDC failure, the controlled equi prent shal
continue to function in the failure node shown.

2.14.10.3 Schedul ed Start/ Stop Program
This program shall start and stop equi pnent based on a tinme of day schedul e
for each day of the week, and on a holiday schedule. To elimnate power
surges, an operator adjustable tine delay shall be provided between
consecutive start conmands.
a. Program | nputs:
(1) Day of week/holiday.
(2) Tinme of day.
(3) Cooling and heating high-low alarmlimts.
(4) Cooling and heating start-stop schedul es.
(5) Cooling or heating nmode of operation
(6) Equipnent status.
(7) Equi pnent constraints.
(8) Consecutive start tinme del ay.
b. Program Qutputs: Start/stop signal
2.14.10.4 Optinmum Start/ Stop Program
This program shall start and stop equi pment as specified for the schedul ed
start/stop program but shall include a sliding schedule based on indoor
and outdoor air conditions. The program shall take into account the
thermal characteristics of the structure, and indoor and outdoor air
conditions, using prediction software to deternmine the mninumtinme of HVAC
system operation needed to satisfy space environnental requirenments at the
start of the occupied cycle, and deternine the earliest time for stopping
equi prent at the day's end without exceeding space environmenta
requi renents. An adaptive control algorithmshall be utilized to
automatically adjust the constants used in the program
a. Program | nputs:
(1) Day of week/holiday.
(2) Tinme of day.
(3) Cooling or heating node of operation
(4) Equipnent status.
(5) Cooling and heating buil ding occupancy schedul es.
(6) Space tenperature.
(7) Building heating constant (operator adjustable and

automatically optim zed).
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(8) Building cooling constant (operator adjustable and
automatically optim zed).

(9) OA tenperature.
(10) Required space tenperature at occupancy (heating).
(11) Required space tenperature at occupancy (cooling).
(12) Equi prent constraints.
(13) Cooling and heating high-low alarmlimts.
b. Program Qutputs: Start/stop signal
2.14.10.5 Day- Ni ght Set back Program
The software shall |imt the rise or drop of space tenperature (or
specified fluid tenperature) during unoccupi ed hours. Wenever the space
temperature (or specified fluid tenperature) is above (or bel ow for
heating) the operator assigned tenperature limt, the systemshall be
turned on until the tenperature is within the assigned tenperature linmt.
a. Program | nputs:
(1) Day of week.
(2) Tinme of day.
(3) Cooling or heating node of operation
(4) Cooling and heating occupancy schedul es.
(5) Equipnent status.

(6) Space tenperature (or specified fluid tenperature).

(7) M nimm space tenperature (or specified fluid tenperature)
during unoccupi ed peri ods.

(8) Maximum space tenperature (or specified fluid tenperature)
during unoccupi ed peri ods.

(9) Equipnent constraints.
b. Program Qutputs: Start/stop signal
2.14.10.6 Ventil ation/Recircul ati on and Flush Prograns

The software shall reduce the HVAC systemthermal |oad for two nodes of
operation and provide for flushing of the building as foll ows:

a. Ventilation node: 1In this node, the systemshall precool the
space prior to building occupancy. Wen the outside air tenperature is
| ower than the space tenperature, the outside air danper and exhaust air
danper shall open to their maxi mum positions and the return air danper
shall close to its m nimum position.
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b. Recirculation node: |In this node, the systemshall preheat the
space prior to building occupancy. Wen the outside air tenperature is
| ower than the space tenperature, the outside air danper and the exhaust
air danper shall close to their mnimmpositions and the return air danper
shall open to its maxi mum position.

c. Flush node: The software shall use the HVAC supply systemto
provi de 100% outside air for ventilation purpose and flush buil di ng spaces.
The network control panel shall nodulate the control valves to maintain
the air supply tenperature setpoints while the flush programis in effect.
The flush node shall be manually initiated and have the highest priority
(it shall override all other prograns). The outside air damper and the
exhaust air danper shall be closed at other tines during unoccupied
peri ods, except for econom zer operation during day/ni ght setback periods.
For systems without nechanical cooling, this programshall, in addition to
t he above requirenents, act as an econom zer. The outside, return, and
exhaust air danpers shall be nodulated to maintain the required m xed air
tenperature setpoint. Wen this programis rel eased, the outside and
exhaust air danpers shall return to their mininumpositions, and the return
air danper shall return to its maxi mum position

d. Program Inputs:
(1) Day of week.
(2) Tinme of day.
(3) Cooling or heating nmode of operation
(4) Equi pnent status.
(5) Cooling and heating occupancy schedul es.
(6) OA dry bulb tenperature.
(7) Space tenperature.
(8) Equi pnent constraints.

e. Program Qutput: Danper actuator control signal

2.14.10.7 Heating and Ventilating Unit Program

The software shall control hot water/steamcoil valve position to naintain
space/ supply air tenperatures for heating and ventilating units. This
program shall be coordinated with the ventilation-recircul ation program for
danper control and the schedul ed or optimm start-stop programfor fan
control

a. Program | nputs

(1) Space tenperature.

(2) Space tenperature setpoint.

(3) Supply air tenperature.

(4) Supply air tenperature setpoint.
b. Program Qut puts

(1) Heating or steamcoil valve actuator control signal
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(2) Danper actuator control signal.

2.14.10.8 Air Vol une Control Program

The software shall nonitor supply and return/exhaust air flow vol unes and
nodul ate fan controls to maintain required air flow volunmes and/or ratio or
fixed differential of supply to return air flows. This program shall be
coordinated with the ventilation-recirculation program and the economn zer
program for danper control and with static pressure control requirenents
for fan control.

a. Program I nputs

(1) Supply air flow.

(2) Return/exhaust air flow.

(3) Required supply air flow - high and low limts.

(4) Required return/exhaust air flow - high and low limts.
(5) Volune offset or ratio, as appropriate.

b. Program Qutputs

(1) Supply fan volume control.
(2) Return/exhaust fan volune control.

.14.10.9 Air Distribution Unitary Controller Software

Software shall be provided for the nanagenent and control of the air
distribution termnal units. Software shall allow for operator definition
of multiple air distribution terminal units as functional groups which my
be treated as a single entity; nonitoring, alarnmng and reporting of
termnal unit paraneters on an individual or group basis; and renote

set poi nt adjustnent on an individual or group basis.

a. Functions:

(1) Volume control in response to tenperature.

(2) Volurme flow limts, mninmmand nmaxi num

(3) Cccupied and unoccupi ed operation with associated tenperature
and volume limts.

(4) Tenperature setpoint override.

b. Program Inputs

(1) Space tenperature.

(2) Space tenperature setpoint.

(3) Space tenperature setpoint limts.

(4) Supply airflow vol une.

(5) Supply airflow volunme high and low limts.
c. Program Qutputs

(1) Supply volume control signal.

(2) Auxiliary fan start/stop signal.

(3) Supplenmental heat control signal.
2.14.10.10 Donesti c Hot Water Cenerator Program
The software shall control the domestic hot water tenperature by adjusting
the hot water heating control valve.
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a. Program | nputs

(1) Donestic hot water tenperature.
(2) Donestic hot water tenperature setpoint.

b. Program Qutput: Hot water heating control valve actuator contro
si gnal

PART 3 EXECUTI ON

3.

3.

1  GENERAL | NSTALLATI ON CRI TERI A
1.1 HVAC Control System

The HVAC control system shall be conpletely installed and ready for
operation. Dielectric isolation shall be provided where dissinilar nmetals
are used for connection and support. Penetrations through and nounting
holes in the building exterior shall be nmade watertight. The HVAC contro
systeminstallation shall provide clearance for control system mai nt enance
by mai ntai ni ng access space between coils, access space to m xed-air

pl enuns, and ot her access space required to calibrate, renove, repair, or
repl ace control system devices. The control systeminstallation shall not
interfere with the clearance requirenents for nechanical and electrica
syst em mai nt enance.

1.2 Software Installation

Software shall be | oaded for an operational system including databases for
all points, operational paraneters, and system conmand, and application
software. The Contractor shall provide original and backup copi es of
source, excluding the general purpose operating systens and utility
programns furnished by computer nmanufacturers and the non-job-specific
proprietary code furnished by the system manufacturer, and object nodul es
for software on each type of nedia utilized, within 30 days of forma
Covernnment acceptance. |In addition, a copy of individual floppy disks of
software for each DDC panel shall be provided.

. 1.3 Devi ce Mounting Criteria

Devi ces mounted in or on piping or ductwork, on building surfaces, in
nmechani cal /el ectrical spaces, or in occupied space ceilings shall be
installed in accordance with manufacturer's recommendati ons and as shown.
Control devices to be installed in piping and ductwork shall be provided
wi th required gaskets, flanges, thermal conpounds, insulation, piping,
fittings, and nmanual valves for shutoff, equalization, purging, and
calibration. Strap-on tenperature sensing el enents shall not be used
except as specified.

.1.4 Wring Criteria

Wring external to control panels, including | owvoltage wiring, shall be
installed in netallic raceways. Nonnetallic-sheathed cables or
netallic-arnored cables may be installed in areas pernmitted by NFPA 70
Wring shall be installed without splices between control devices and DDC
panel s. Instrunentation grounding shall be installed as necessary to
prevent ground | oops, noise, and surges from adversely affecting operation
of the system Gound rods installed by the contractor shall be tested as
specified in |EEE Std 142. Cables and conductor wires shall be tagged at
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both ends, with the identifier shown on the shop drawi ngs. Electrical work
shal |l be as specified in Section 16415A ELECTRI CAL WORK, | NTERI OR and as
shown.

.2 CONTROL SYSTEM | NSTALLATI ON

2.1 Danmper Actuators

Actuators shall not be mounted in the air stream Miltiple actuators
operating a comon danper shall be connected to a comon drive shaft.
Actuators shall be installed so that their action shall seal the danper to
the extent required to nmaintain | eakage at or below the specified rate and
shal | nove the bl ades snoothly.

. 2.2 Local CGauges for Actuators

Pneumati ¢ actuators shall have an accessible and visible receiver gauge
installed in the tubing Ilines at the actuator as shown.

. 2.3 Room | nstrunment Mounti ng
Room instruments , such as wall mounted thernostats, shall be nounted 1.5 m
above the floor unless otherwi se shown. Tenperature setpoint devices

shal | be recess nount ed.

. 2.4 Del et ed Par agr aph

.2.5 Aver agi ng Tenperature Sensing El ements

Sensing el ements shall have a total elenent mininumlength equal to 3 m per
square neter of duct cross-sectional area.

.2.6 Foundati ons and Housekeepi ng Pads

Foundati ons and housekeepi ng pads shall be provided for the HVAC contro
system air conpressors.

2.7 Conpressed Air Stations

The air conpressor assenbly shall be mounted on vibration elimnators, in
accordance with ASME BPVC SEC VIII D1 for tank clearance. The air line
shal |l be connected to the tank with a flexible pipe connector. Conpressed
air station specialties shall be installed with required tubing, including
condensate tubing to a floor drain.

.2.8 Duct Static Pressure Sensing Elements and Transnitters

The duct static pressure sensing elenent and transmitter sensing point
shall be located at 75%to 100% of the di stance between the first and | ast
air termnal units.

. 2.9 I ndication Devices Installed in Piping and Liquid Systens

Gauges in piping systens subject to pulsation shall have snubbers. Gauges
for steam service shall have pigtail fittings with cock. Thernoneters and

tenmperature sensing elenments installed in liquid systenms shall be installed
in thernmowells.
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.2.10 Tubi ng
.2.10.1 Control System lInstallation

The control systemshall be installed so that pneumatic |ines are not
exposed to outside air tenperatures. All tubes and tube bundl es exposed to
view shall be installed neatly in lines parallel to the lines of the
buil di ng. Tubi ng between panels and actuators in nmechanical/electrica
spaces shall be routed so that the Iines are easily traceable.

.2.10.2 Pneumatic Lines In Mechanical/Electrical Spaces

In nechani cal /el ectrical spaces, pneunatic |lines shall be plastic tubing or
copper tubing. Horizontal and vertical runs of plastic tubes or soft
copper tubes shall be installed in raceways dedi cated to tubing. Dedicated
raceways and tubing not installed in raceways shall be supported every 2 m
for horizontal runs and every 2.5 m for vertical runs.

.2.10.3 Pneurmati c Li nes External To Mechani cal /El ectrical Spaces

Tubi ng external to nechanical/electrical spaces, when run in plenum
ceilings, shall be soft copper with sweat fittings. Tubing not in plenum
spaces shall be soft copper with sweat fittings or shall be plastic tubing
in raceways dedicated to tubing. Raceways and tubing not in raceways shal
be supported every 2.5 m

.2.10.4 Connection to Liquid and Steam Li nes

Tubi ng for connection of sensing elements and transnmitters to liquid and
steam lines shall be Series 300 stainless steel with stainless-stee
conpression fittings.

.2.10.5 Connection to Ductwork

Tubi ng for connection of sensing elements and transmtters to ductwork
shal | be plastic tubing.

.2.10.6 Tubing in Concrete

Tubing in concrete shall be installed in rigid conduit. Tubing in walls
containing insulation, fill, or other packing materials shall be installed
in raceways dedicated to tubing.

.2.10.7 Fi nal Connection to Actuators

Fi nal connections to actuators shall be plastic tubing 300 nm |ong and
unsupported at the actuator.

.3 COWM SSI ONI NG PROCEDURES

. 3.1 Eval uati ons

The Contractor shall make the observations, adjustnents, calibrations,
neasurenents, and tests of the control systens, set the tinme schedule, and
nmake any necessary control systemcorrections to ensure that the systens
function as described in the sequence of operation

.3.1.1 | t em Check
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Signal levels shall be recorded for the extrene positions of each
controlled device. An itemby-itemcheck of the sequence of operation
requi renents shall be perforned using Steps 1 through 4 in the specified
control system conmi ssioning procedures. Steps 1, 2, and 3 shall be
performed with the HVAC system shut down; Step 4 shall be perforned after
t he HVAC systens have been started. External input signals to the DDC
system (such as starter auxiliary contacts, and external systens) nay be
simulated in steps 1, 2, and 3. Wth each operational node signal change,
DDC system out put relay contacts shall be observed to ensure that they
function.

3.3.1.2 Weat her Dependent Test Procedures

Weat her dependent test procedures that cannot be perforned by sinulation
shall be performed in the appropriate climatic season. Wen sinulation is
used, the actual results shall be verified in the appropriate season

3.3.1.3 Two- Poi nt Accuracy Check

A two- point accuracy check of the calibration of each HVAC control system
sensing elenent and transmitter shall be performed by conparing the DDC
system readout to the actual value of the variable nmeasured at the sensing
element and transmtter or airflow neasurenent station location. Digita

i ndicating test instruments shall be used, such as digital thernoneters,
notor-driven psychroneters, and tachoneters. The test instrunents shall be
at least twice as accurate as the specified sensing el ement-to-DDC system
readout accuracy. The calibration of the test instruments shall be
traceable to National Institute OF Standards And Technol ogy standards. The
first check point shall be with the HVAC systemin the shutdown condition
and the second check point shall be with the HVAC systemin an operationa
condition. Calibration checks shall verify that the sensing el enent-to-DDC
system readout accuracies at two points are within the specified product
accuracy tolerances. |If not, the device shall be recalibrated or repl aced
and the calibration check repeated.

3.3.1.4 Insertion and | mersion Tenperatures
Insertion tenperature and i nmersion tenperature sensing el enents and
transmitter-to-DDC system readout calibration accuracy shall be checked at
one physical |ocation along the axis of the sensing el ement.

3.3.1.5 Aver agi ng Tenperature
Aver agi ng tenperature sensing element and transnitter-to-DDC system readout
calibration accuracy shall be checked every 600 mm along the axis of the
sensing elenent in the proximty of the sensing elenent, for a maxi mum of
10 readings. These readi ngs shall then be averaged.

3.3.2 Space Tenperature Controlled Perineter Radiation
The heating medi um shall be turned on, and the thernpstat tenperature
setpoint shall be raised. The valve shall open. The thernostat
tenmperature shall be lowered and the valve shall close. The thernostat
shall be set at the setpoint shown.

3.3.3 Climate Control Unit CCU- 1 & CCU-2 Systens, and Furnace FUR-1C EF-1C
System

Steps for installation shall be as foll ows:
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a. Step 1 - System Inspection: The HVAC system shall be verified in
its shutdown condition. The system shall be checked to see that power and
main air are avail able where required, and that the outside air damper,
hum difier valve (CCU-1 & 2 only).

b. Step 2 - Calibration Accuracy Check with HVAC System Shut down:
Readi ngs shall be taken with a digital thernoneter at each tenperature
sensing elenents location. Each tenperature shall be read at the DDC
controller, and the thernmonmeter and DDC system di spl ay readi ngs | ogged.

The calibration accuracy of the sensing el enent-to-DDC system readout for
outside air, return air, mxed air, and coil discharge tenperatures shal

be checked. For CCU- 1 and CCU-2, a notor-driven psychroneter shall be used
to check the wet-bulb and dry-bulb tenperatures of the humidifier discharge
air, and the psychroneter, and DDC system di spl ay readi ngs shall be read
and | ogged.

c. Step 3 - Actuator Range Adjustnents: A signal shall be applied to
t he actuator, through an operator entered value to the DDC system The
proper operation of the actuators and positioners for all danpers and
val ves shall be visually verified. The signal shall be varied fromlive
zero to full range, and the actuators travel shall be verified fromzero
stroke to full stroke within the signal range. It shall be verified that
al |l sequenced and parallel operated actuators nove from zero stroke to ful
stroke in the proper direction, and nove the connected device in the proper
direction fromone extreme position to the other. For CCU 1 and CCU 2
Systens pilot lights on control panels, and swtches, shall be verified
agai nst operation sequences shown.

d. Step 4 - Control System Conmi ssi oning:

(1) Wth the fan ready to start, the control systemshall be

pl aced in the enabled, and it shall be verified that supply fan
and interl ocked exhaust fan starts. It shall be verified that
danpers and any associated pilot lights function; and the CCU 1
and CCU-2 steam heating coil valves; multistage DX cooling coils
and associ ated condensi ng unit stages/hot gas bypass val ves for
CCU- 1, CCU-2, and FUR-1C, nodul ating gas burner for FUR-1C, and
CCU-1 and CCU-2 hum difier valves; are under control, by
simulating a change in the hum dity and the tenperature.

(2) The calibration accuracy check for sensing el ement-to-DDC
system readout for the FUR 1C space tenperature shall be
perfornmed. The tenperature setpoint shall be set as shown. A
change shall be simulated in the tenperature and it shall be
verified that the heating coil valve, FUR 1C gas burner nodul ating
val ve, and DX cooling coil and associ ated condensi ng unit
conpressors and hot gas bypass val ves, are under control. A
simlar test shall be perforned for the duct nounted tenperature
sensor and verify the

CCU-1 and CCU-2 steam heating coil control valve and DX cooling
coil and rel ated condensing unit stages/hot gas bypass are under
control .

(3) For CCU-1 and CCU-2, the calibration accuracy check for
sensi ng el enent-to-DDC system readout for the duct relative

hum dity shall be performed. The duct relative humdity setpoints
shall be set as shown. A change shall be simulated in the duct
relative humdity and it shall be verified that the hum difier
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val ve are under control

(4) Wth the HVAC systemrunning, a filter differential pressure
switch i nput signal shall be sinmulated at the device. It shall be
verified that the filter alarmis initiated. The differentia
pressure switch shall be set at the setpoint.

(5 Wth the HVAC systemrunning, a freeze trip input signa
shall be sinmulated at the device. HVAC system shutdown shall be
verified. 1t shall be verified that a |low tenperature alarmis
initiated. The freeze trip shall be set at the setpoint. The
HVAC system shall be restarted by nanual restart and it shall be
verified that the alarmreturns to normal.

(6) Wth the HVAC systemrunning, a snmoke detector trip input
signal shall be simulated at each detector, and control device
actions and interlock functions as described in the Sequence of
peration shall be verified. Sinmulation shall be perforned

wi thout false-alarming any Life Safety systens. It shall be
verified that the HVAC system shuts down and that the snoke
detector alarmis initiated. The detectors shall be reset. The
HVAC system shall be restarted by manual reset, and it shall be
verified that the alarmreturns to nornmal.

3.4 BALANCI NG, COWM SSI ONI NG AND TESTI NG
3.4.1 Coordi nation with HVAC System Bal anci ng

Conmi ssi oning of the control system except for tuning of controllers,
shal |l be perfornmed prior to or simultaneous with HVAC system bal anci ng

The contractor shall tune the HVAC control systemafter all air system and
hydroni ¢ system bal anci ng has been conpl eted, m ni mum danper positions set
and a report has been issued.

3.4.2 Control System Calibration, Adjustnents, and Comm ssi oni ng

Control system conmi ssioning shall be performed for each HVAC system using
test plans and procedures previously approved by the Government. The
Contractor shall provide all personnel, equipnent, instrunentation, and
supplies necessary to perform conm ssioning and testing of the HVAC contro
system All instrunentation and controls shall be calibrated and the

speci fied accuracy shall be verified using test equipnent with calibration
traceable to NI ST standards. Wring shall be tested for continuity and for
ground, open, and short circuits. Tubing systens shall be tested for

| eaks. Mechanical control devices shall be adjusted to operate as

speci fied. HVAC control panels shall be pretested off-site as a
functioning assenbly ready for field connections, calibration, adjustnent,
and comi ssioning of the operational HVAC control system Contro
paranmeters and logic (virtual) points including control |oop setpoints,
gai n constants, and integral constraints, shall be adjusted before the
systemis placed on Iline. Conmmunications requirenents shall be as
indicated. Witten notification of any planned comm ssioning or testing of
t he HVAC Control systens shall be given to the Governnent at |east 14

cal endar days in advance.

3.4.3 Perf ormance Verification Test

The Contractor shall denonstrate conpliance of the HVAC control systemwth
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the contract docunments. Using test plans and procedures previously
approved by the Governnent, the Contractor shall denonstrate all physica
and functional requirenents of the project. The performance verification
test shall show, step-by-step, the actions and results denonstrating that
the control systens performin accordance with the sequences of operation
The performance verification test shall not be started until after receipt
by the Contractor of witten pernission by the Governnent, based on
CGovernment approval of the Conm ssioning Report and conpl etion of

bal ancing. The tests shall not be conducted during schedul ed seasonal off
peri ods of base heating and cooling systens.

.4.4 Endur ance Test

The endurance test shall be used to denpnstrate the specified overal
systemreliability requirement of the conpleted system The endurance test
shall not be started until the Governnent notifies the Contractor in
witing that the performance verification test is satisfactorily conpl eted.
The Governnent nmay terninate the testing at any tine when the systemfails
to performas specified. Upon termnation of testing by the Governnment or
by the Contractor, the Contractor shall comrence an assessnent period as
described for Phase Il. Upon successful conpletion of the endurance test,
the Contractor shall deliver test reports and ot her docunentation as
specified to the Government prior to acceptance of the system

a. Phase | (Testing). The test shall be conducted 24 hours per day,
7 days per week, for 15 consecutive cal endar days, including holidays, and
the system shall operate as specified. The Contractor shall nake no
repairs during this phase of testing unless authorized by the Governnent in
writing.

b. Phase Il (Assessnent). After the conclusion of Phase I, the
Contractor shall identify failures, deternine causes of failures, repair
failures, and deliver a witten report to the Government. The report shal
explain in detail the nature of each failure, corrective action taken
results of tests perforned, and shall recomrend the point at which testing
shoul d be resuned. After delivering the witten report, the Contractor
shal | convene a test review neeting at the jobsite to present the results
and recommendations to the Governnent. As a part of this test review
neeting, the Contractor shall denmonstrate that all failures have been
corrected by perform ng appropriate portions of the performance
verification test. Based on the Contractor's report and test review
neeting, the Governnment may require that the Phase | test be totally or
partially rerun. After the conclusion of any retesting which the
CGovernment may require, the Phase ||l assessnent shall be repeated as if
Phase | had just been conpl et ed.

.4.5 Post ed and Panel |nstructions

Posted and Panel Instructions, showing the final installed conditions,
shal |l be provided for each system The posted instructions shall consist
of lam nated hal f-size drawi ngs and shall include the control system
schemati c, equi pment schedul e, sequence of operation, wring diagram
conmuni cati on network di agram and val ve and danper schedul es. The posted
i nstructions shall be permanently affixed, by nechanical neans, to a wal
near the control panel. Panel instructions shall consist of |ani nated
letter-size sheets and shall include a Routine Mintenance Checklist and
as-built configuration check sheets. Panel instructions and one copy of
the Operation and Mai ntenance Manual s, previously described herein, shal
be pl aced inside each control panel or permanently affixed, by mechanica
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neans, to a wall near the panel
.5 TRAINI NG
.5.1 Trai ni ng Course Requirements

A training course shall be conducted for 5 operating staff nenbers
designated by the Contracting Oficer in the maintenance and operation of
the system including specified hardware and software. The training
period, for a total of 32 hours of normal working tine, shall be conducted
within 30 days after successful conpletion of the performance verification
test. The training course shall be conducted at the project site.
Audi ovi sual equi pnment and 5 sets of all other training materials and
supplies shall be provided. A training day is defined as 8 hours of
classroominstruction, including two 15 m nute breaks and excl udi ng

[ unchtinme, Monday through Friday, during the daytime shift in effect at the
training facility.

.5.2 Trai ni ng Course Content

For gui dance in planning the required instruction, the Contractor shal
assune that attendees will have a high school education or equival ent, and
are famliar with HVAC systens. The training course shall cover all of the
material contained in the Operating and Mai ntenance |Instructions, the

| ayout and | ocation of each HVAC control panel, the | ayout of one of each
type of unitary equiprment and the |ocations of each, the | ocation of each
control device external to the panels, the |location of the conpressed air
station, preventive maintenance, troubl eshooting, diagnostics, calibration,
adj ustment, commi ssioning, tuning, and repair procedures. Typical systens
and simlar systens nay be treated as a group, with instruction on the
physi cal |ayout of one such system The results of the perfornance
verification test and the calibration, adjustnent and comm ssioning report
shal | be presented as benchmarks of HVAC control system performance by

whi ch to measure operation and nai ntenance effectiveness.

-- End of Section --
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