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NOTE: This gui de specification covers the Navy
requirenents for direct digital control (DDC) of
heating, ventilating, and air conditioning (HVAC
systens conplying with ANSI/ASHRAE St andard
135-2004, "BACnet - A Data Communi cati on Protoco
for Building Automati on and Control Networks."
BACnet is also an international standard, |SO
16484-5. The intent of this specification is for
the DDC systemto communi cate using the BAChet

st andar d.

This specification is not for use in USACE projects.
USACE projects should use Section 23 09 23 DI RECT

DI d TAL CONTROL FOR HVAC AND OTHER LOCAL BUI LDI NG
SYSTEMS and Section 25 10 10 UTILITY MONI TORI NG AND
CONTROL SYSTEM (UMCS) .

The control systemw |l have a BACnet interface for
connection to a hand-hel d device, portable computer
and/ or a central workstation computer. Interface
conmputers allow an operator to view operational
status, enable and disabl e equi prent, change

set poi nts, set schedul es, receive trends and al arns,
and al |l ow storage, nodification and downl oadi ng of
control programr ng. The operator workstation can
be located in the building (directly connected)or at
a renote site (connected via a LAN or nodem.

I f you have questions about the design of direct
digital control systens, contact Facilities

Engi neeri ng Command (FEC) Regi onal Mechani cal

Engi neer, Naval Facilities Engi neeri ng Comand

Atl anti c Mechani cal Engi neering, or the Naval
Facilities Engineering Service Center (NFESC), Code
223.

Edit this guide specification for project specific
requi renents by addi ng, deleting, or revising text.
For bracketed itenms, choose applicable itens(s) or
insert appropriate information
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Renmove information and requirements not required in
respective project, whether or not brackets are
present.

Conmmrent s and suggestions on this guide specification
are wel come and shoul d be directed to the technica
proponent of the specification. A listing of
techni cal proponents, including their organization
designation and tel ephone nunber, is on the Internet.

Recommended changes to a UFGS should be subnmitted as
a Citeria Change Request (CCR

EE R R R R I R R R I I O R R R R I S R Rk I I R I I R R O R O

Rk Ik kR IR Rk Ik I o S S S S R AR I R R R kR Rk Sk kS I kb S S A R

NOTE: This specification requires the new DDC
systemto support ASHRAE 135 at all device and
network levels. |f a legacy DDC systemis already
installed at the building, and costs are too high
for replacenent, the | egacy devices may require a
gateway to connect the | egacy network/devices to the
BACnet architecture. Indicate on the draw ngs where
gat eways are required.

EE R I R R R R I R I R R R R R I R I R I R I R R R I R R S R R R S R L

Rk Ik Sk kR IR Rk I S S S I ARk Ik kb S R R Rk Ok S Rk Ik R

NOTE: Avoi d using pneumatic powered controls in new

DDC systens. |In existing systens, replace pneumatic
controls with electric/electronic controls when
possi bl e.
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PART 1 GENERAL

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

Use the Reference Wzard's Check Reference feature
when you add a RID outside to the Section's
Reference Article to automatically place the
reference in the Reference Article. Also use the
Ref erence Wzard's Check Reference feature to update
the i ssue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project
speci ficati on when you choose to reconcile

references in the publish print process.
ER R IR R I R R R R I I I I R R R R I S R R R S R I R R S R R R I I O S I I I S S kI R R S I I

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by the
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basi c designation only.
Al R MOVEMENT AND CONTROL ASSCCI ATI ON | NTERNATI ONAL ( AMCA)

AMCA 500-D (1998) Laboratory Methods of Testing
Danpers for Rating

AVERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI )

ANSI / ATA 878.1 (1999) ARCNET - Local Area Network: Token
Ri ng

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

ASHRAE 135 (2008; Addenda Q 2009) BACnet

ASME | NTERNATI ONAL ( ASMVE)

ASME B16. 18 (2001; R 2005) Cast Copper Alloy Sol der
Joint Pressure Fittings

ASME B16. 22 (2001; R 2005) Standard for Wought Copper
and Copper Alloy Sol der Joint Pressure
Fittings

ASME B16. 26 (2006) Standard for Cast Copper Alloy
Fittings for Flared Copper Tubes

ASME B16. 34 (2004) Vval ves - Flanged, Threaded and
Wl di ng End

ASME B16. 5 (2003) Standard for Pipe Flanges and
Fl anged Fittings: NPS 1/2 Through NPS 24

ASME B31.1 (2007; Addenda 2008) Power Pi pi ng

ASME B40. 100 (2005) Pressure Gauges and Gauge

Attachnents
ASME BPVC (2007) Boiler and Pressure Vessel Codes
ASTM | NTERNATI ONAL ( ASTM)
ASTM A 126 (2004) Standard Specification for G ay

Iron Castings for Valves, Flanges, and
Pi pe Fittings

ASTM B 117 (2007a) Standing Practice for Operating
Salt Spray (Fog) Apparatus

ASTM B 32 (2008) Standard Specification for Sol der
Met al

ASTM B 75 (2002) Standard Specification for Seanl ess
Copper Tube

ASTM B 88 (2003) Standard Specification for Seanl ess

Copper Water Tube
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ASTM B 88M (2005) Standard Specification for Seanl ess
Copper Water Tube (Metric)

ASTM D 1238 (2004c) Melt Flow Rates of Thernoplastics
by Extrusion Pl astoneter

ASTM D 1693 (2008) Standard Test Method for
Envi ronment al Stress-Cracki ng of Ethyl ene
Pl astics

ASTM D 635 (2006) Standard Test Method for Rate of

Burni ng and/ or Extent and Tine of Burning
of Self-Supporting Plastics in a
Hori zontal Position

ASTM D 638 (2008) Standard Test Method for Tensile
Properties of Plastics

ASTM D 792 (2008) Density and Specific Gavity
(Relative Density) of Plastics by
Di spl acenent

| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)

| EEE C57. 13 (2008) Standard Requirenents for
I nstrunent Transforners

| EEE C62.41.1 (2002) | EEE Quide on the Surges
Envi ronment in Low Voltage (1000 V and
Less) AC Power Circuits

| EEE C62.41.2 (2002) | EEE Recomrended Practice on
Characterization of Surges in Low Voltage
(1000 V and Less) AC Power Circuits

| EEE C62. 45 (2002) Surge Testing for Equi prent
Connected to Low Vol tage (1000v and
| ess) AC Power Circuits

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

| SO | EC 8802 (2000) Tel ecomruni cati ons and I nfornmation
Exchange Between Systens

NATI ONAL FI RE PROTECTI ON ASSOC!I ATI ON ( NFPA)

NFPA 70 (2007; AMD 1 2008) National Electrical
Code - 2008 Edition

NFPA 72 (2006) National Fire Al arm Code

NFPA 90A (2008) Standard for the Installation of

Air Conditioning and Ventilating Systens
NATI ONAL FLUI D POAER ASSCCI ATl ON ( NFLPA)

NFLPA C12. 10 (2004) Watthour Meters
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SHEET METAL AND Al R CONDI TI ONI NG CONTRACTORS' NATI ONAL ASSOCI ATI ON
( SMACNA)

SIVACNA 1966 (2005) HVAC Duct Construction Standards
Metal and Flexible

UNDERWRI TERS LABORATORI ES (UL)
UL 1449 (2006) Surge Protective Devices

UL 506 (2000; Rev thru May 2006) Standard for
Specialty Transforners

UL 508A (2001; Rev thru Dec 2007) Standard for
I ndustrial Control Panels

UL 916 (2007) Energy Managenent Equi prent
.2 DEFI NI TI ONS
.2.1  ANSI/ASHRAE Standard 135

ANS| / ASHRAE St andard 135: BACnet - A Data Communi cation Protocol for
Bui | di ng Autonation and Control Networks, referred to as "BACnet". ASHRAE
devel oped BACnet to provide a nethod for diverse building autonmation

devi ces to communi cate and share data over a network.

. 2.2 ARCNET

ANSI / ATA 878.1 - Attached Resource Conputer Network. ARCNET is a
determnistic LAN technol ogy; neaning it's possible to determ ne the
maxi mum del ay before a device is able to transmt a nessage

. 2.3 BACnet

Bui | di ng Autonation and Control Network; the comon nane for the

communi cati on standard ASHRAE 135. The standard defi nes nethods and
protocol for cooperating building automati on devices to comunicate over a
variety of LAN technol ogi es.

.2.4 BACnet /I P

An extension of BACnet, Annex J, defines this mechani smusing a reserved
UDP socket to transmit BACnet nessages over | P networks. A BACnet/IP
network is a collection of one or nore | P subnetworks that share the same
BACnet network nunber. See al so "BACnet Broadcast Managenent Device"
.2.5 BACnet | nt ernetwork

Two or more BACnet networks, possibly using different LAN technol ogi es,
connected with routers. 1In a BACnet internetwork, there exists only one
nessage path between devices

.2.6 BACnet Net wor k

One or nore BACnet segnents that have the sanme network address and are
i nterconnected by bridges at the physical and data link |ayers.
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1

2.7 BACnet Segment

One or nore physical segnments of BACnet devices on a BACnet network,
connected at the physical |ayer by repeaters.

.2.8 BBNVD

BACnet Broadcast Managenent Device (BBMD). A communications device
typically combined with a BACnet router. A BBMD forwards BACnet broadcast
nessages to BACnet/| P devices and other BBVMDs connected to the sane
BACnet /I P network. Every |IP subnetwork that is part of a BACnet/I|P network
nust have only one BBVD. See al so "BACnet/|P".

. 2.9 BAS

Bui | di ng Aut omation Systens, including DDC (Direct Digital Controls) used
for facility automati on and energy nanagenent.

EE R R R R I I R R I I I R R R R S R R R I R I Rk I I I R O S O

NOTE: ldentify the BAS Omer early in project
devel opnent. Include the BAS Omer in the project
team responsi ble for design, solicitation
construction, and final acceptance.

EE R I R R R R I R I R R R R R I R I R I R I R R R I R R S R R R S R L

.2.10 BAS Oaner

The regional or local user responsible for managing all aspects of the BAS
operation, including: network connections, workstation nanagenent,
submittal review, technical support, control paranmeters, and dai

operation. The BAS Oaner for this project is [ 1.

.2.11 Bl BBs

BACnet Interoperability Building Blocks. A collection of BACnet services
used to describe supported tasks. BIBBs are often described in terns of
"A" (client) and "B" (server) devices. The “A’ device uses data provided
by the "B" device, or requests an action fromthe “B" device.

.2.12 Bl

BACnet International, formerly two organi zations: the BACnet Manufacturers
Associ ation (BMA) and the BACnet Interest Goup - North Anerica (Bl G NA).

.2.13 Bl / BTL

BACnet International/BACnet Testing Laboratories (Fornmerly BMA BTL). The
organi zation responsible for testing products for conpliance with the
BACnet standard, operated under the direction of BACnet I|nternational

.2.14 Bri dge

Net wor k hardware that connects two or nore network (or BACnet internetwork)
segnents at the physical and data link layers. A bridge may also filter
nmessages.

.2.15 Br oadcast

A nmessage sent to all devices on a network segnent.
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1.2.16 Devi ce

Any control system conponent, usually a digital controller, that contains a
BACnet Device hject and uses BACnet to conmmuni cate with other devices.
See also "Digital Controller".

1.2.17 Devi ce Obj ect

Every BACnet device requires one Device (hject, whose properties represent
the network visible properties of that device. Every Device Object
requires a unique Object ldentifier nunber on the BACnet internetwork.
This nunber is often referred to as the device instance.

1.2.18 Device Profile

A collection of BIBBs deternining mnimum BACnet capabilities of a device,
defined in ASHRAE Standard 135-2004, Annex L. Standard device profiles

i ncl ude BACnet Operator Wrkstations (B-OA5), BACnet Building Controllers
(B-BC), BACnet Advanced Application Controllers (B-AAC), BACnet Application
Specific Controllers (B-ASC), BACnet Smart Actuator (B-SA), and

BACnet Smart Sensor (B-SS). Each device used in new construction is
required to have a PICS statenment |isting Bl BBs supported.

1.2.19 Digital Controller

An el ectronic controller, usually with internal programm ng |ogic and
digital and anal og i nput/output capability, which perforns control
functions. |n nost cases, synonynous with a BACnet device described in
this specification. See also "Device".

1.2.20 Direct Digital Control (DDC)

Digital controllers performing control logic. Usually the controller
directly senses physical values, nakes control decisions with internal
progranms, and outputs control signals to directly operate swi tches, valves,
danmpers, and notor controllers.

1.2.21 DDC System
A network of digital controllers, comunication architecture, and user
interfaces. A DDC system may include progranmi ng, sensors, actuators,
swi tches, relays, factory controls, operator workstations, and various
ot her devices, conponents, and attri butes.

1.2.22 Et her net

A fam |y of |ocal-area-network technol ogi es providing hi gh-speed networKking
features over various nedia.

1.2.23 Fi r mwar e
Sof tware progranmed into read only nenory (ROM), flash nenory, electrically
erasabl e programmabl e read only nenory (EEPROVM), or erasabl e progranmabl e
read only nmenory (EPROV) chi ps.

1.2.24 Gat eway

Conmruni cati on hardware connecting two or nore different protocols, sinmlar
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to human | anguage translators. The Gateway translates one protocol into
equi val ent concepts for the other protocol. In BACnhet applications, a
gat eway has BACnet on one side and non-BACnet (usually proprietary)
protocols on the other side.

.2.25 Hal f Router

A device that participates as one partner in a BACnet point-to-point (PTP)
connection. Two half-routers in an active PTP connection conbine to forma
single router.

.2.26 Hub

A common connection point for devices on a network.

.2.27 Internet Protocol (IP, TCP/IP, UDP/IP)

A conmuni cation nmethod, the nost common use is the Wrld Wde Web. At the
| owest level, it is based on Internet Protocol (IP), a nmethod for conveying
and routing packets of information over various LAN nedia. Two comon
protocols using | P are User Datagram Protocol (UDP) and Transm ssion
Control Protocol (TCP). UDP conveys information to well-known "sockets"

wi t hout confirmati on of receipt. TCP establishes "sessions", which have
end-to-end confirmati on and guaranteed sequence of delivery.

.2.28 [ nput/Qutput (1/0

Physi cal inputs and outputs to and from a device, although the term
soneti nes describes software, or "virtual" 1/QO See al so "Points".

.2.29 I/ O Expansi on Unit

An 1/ O expansion unit provides additional point capacity to a digita
controller

.2.30 | P subnet

Internet protocol (IP) identifies individual devices with a 32-bit nunber
divided into four groups fromO to 255. Devices are often grouped and
share sonme portion of this nunber. For exanple, one device has |IP address
209. 185.47. 68 and another device has | P address 209. 185.47.82. These two
devi ces share O ass C subnet 209.185.47.00

.2.31 Local - Area Network (LAN)

A conmmuni cation network that spans a |imted geographic area and uses the
same basic comuni cation technol ogy throughout.

.2.32 LonTal k

ANSI /EI A 709. A conmuni cation protocol devel oped by Echelon Corp. LonTalk
is an optional physical and data |ink |ayer for BACnet.

.2.33 MAC Addr ess

Medi a Access Control address. The physical node address that identifies a
devi ce on a Local Area Network.
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.2.34 Mast er - Sl ave/ Token- Passi ng (Ms/ TP)

| SO'I EC 8802 (Part 3). One of the LAN options for BACnet. MSTP uses
twisted-pair wiring for relatively | ow speed and | ow cost comuni cation (up
to 4,000 ft at 76.8K bps).

.2.35 Nat i ve BACnet Device

A device that uses BACnet as its primary, if not only, nethod of

conmmuni cation with other BACnet devices wi thout internediary gateways. A
systemthat uses native BACnet devices at all levels is a native BACnet
system

.2.36 Net wor k

Conmruni cati on technol ogy for data conmuni cations. BACnet approved network
types are BACnet over Internet Protocol (IP), Point to Point (PTP)
Et hernet, ARCNET, MS/ TP, and LonTal k®

.2.37 Net wor k Number

A site-specific nunber assigned to each network segnent to identify for
routing. This network number nust be uni que throughout the BACnet
i nt er net wor k.

.2.38 nj ect

The concept of organi zing BACnet information into standard conponents with
various associ ated properties. Exanples include anal og i nput objects and
bi nary out put objects.

.2.39 nj ect ldentifier

An obj ect property used to identify the object, including object type and
instance. Object ldentifiers nust be unique within a device.

.2.40  (bject Properties

Attributes of an object. Exanples include present value and high [imt

properties of an analog input object. Properties are defined in ASHRAE
135; sone are optional and sonme are required. Objects are controlled by
reading fromand witing to object properties.

.2.41 Peer - t o- Peer

Peer-to-peer refers to devices where any device can initiate and respond to
communi cation wi th other devices.

.2.42 Performance Verification Test (PVT)

The procedure for determning if the installed BAS neets design criteria
prior to final acceptance. The PVT is perforned after installation
testing, and bal anci ng of nechanical systens. Typically the PVT is
performed by the Contractor in the presence of the Governnent.

.2.43 PI D

Proportional, integral, and derivative control; three paraneters used to
control nodul ati ng equipnent to nmaintain a setpoint. Derivative control is
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often not required for HVAC systenms (leaving "PlI" control).
1.2.44 PICS

Protocol |nplenentation Confornmance Statenment (PICS), describing the BACnet
capabilities of a device. See BACnet, Annex A for the standard format and
content of a PICS statenent.

1.2.45 Poi nts
Physical and virtual inputs and outputs. See also "Input/Qutput".
1.2.46 PTP

Poi nt -t o- Poi nt protocol connects individual BACnet devices or networks
usi ng serial connections |ike nodemto-nodem |inks.

1.2.47 Repeat er

A network component that connects two or nore physical segnents at the
physi cal |ayer.

1.2.48 Rout er

A BACnet router is a conmponent that joins together two or nore networks
using different LAN technol ogi es. Exanples include joining a BACnet
Et hernet LAN to a BACnet MS/ TP LAN.

1.2.49 St and- Al one Contro

Refers to devices perform ng equi pnent-specific and small system contro

wi t hout comuni cation to other devices or conmputers for physical 1/0Q

excl udi ng outside air and other comon shared conditions. Devi ces are

| ocated near controlled equi pnent, with physical input and output points
limted to 64 or |ess per device, except for conplex individual equipnent

or systems. Failure of any single device will not cause other network
devices to fail. BACnet "Snart" actuators (B-SA profile) and sensors (B-SS
profile) comunicating on a network with a parent device are exenpt from

st and- al one requirenents.

[1.3 SUBCONTRACTOR SPECI AL REQUI REMENTS

EE IR R R I R R I I R R I I O R R R R S S R Ik Rk S I I R R O O

NOTE: Delete this paragraph when using this section

for a design-build project specification. This

requirenent is covered by the specifications in

NAVFAC Desi gn-Build RFP PART 4, Section D30 HVAC
R S I b Sk S b S S I b b I I O R R R I S O S I O S O R I O S S b S S I O O
Performall work in this section in accordance with the paragraph entitled
"Subcontractor Special Requirenents" in Section 01 30 00 ADM NI STRATI VE
REQUI REMENTS. The paragraph specifies that all contract requirenents of
this section shall be acconplished directly by a first tier subcontractor
No work required shall be acconplished by a second tier subcontractor.]

1.4 BACnet DI RECT DI G TAL CONTRCL SYSTEMS FOR HVAC DESCRI PTI ON

khkkhkhhkkhhhdhdhdhhhddhhddhhdhhddhhddhhddhdhddhdhddhdddhddhddhddhddhhddhddhddrhrdrdrddrrdrxdx*x

NOTE: A thorough investigation of existing systens,
har dwar e, and BAS Omer needs is required before
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1.

1

nodi fyi ng the DDC system description below. You
nmust descri be what new DDC equi pment goes into the
bui | di ng(s), what are the conputer\operator
interface requirenents, and how the new controls and
operator interface will interact with existing
infrastructure. Systemarchitecture diagranms are
very hel pful at this point.

Rk Ik kR IR R R Ik S R AR Rk R R R Rk ok S R Rk Ik S kb S R R o

a. [Renove existing and] [provide new BACnet] [and] [nodify existing]
[and nerge with existing non-BACnet] [and nerge with existing
BACnet] DDC systens including associ ated equi pnment and
accessories. Al new devices are accessible using a Wb browser
i nterface and communi cat e usi ng ASHRAE 135 BACnet conmuni cati ons
wi t hout the use of gateways, unless gateways are shown on the
design drawi ngs and specifically requested by the Governnent.
Where gateways are allowed, they nust support ASHRAE 135
including all object properties and read-wite services shown on
Governnent approved interoperability schedules. Manufacturer's
products, including design, materials, fabrication, assenbly,

i nspection, and testing shall be in accordance wi th ASHRAE 135,
ASME B31.1, and NFPA 70, except where indicated otherw se.

EE R I R R R R I R I R R R R R I R I R I R I R R R I R R S R R R S R L

NOTE: The next paragraph provi des nore specific
i nformati on when nerging or adding a new to existing
BACnet system

R IR I S bk O bk I S kI I I kS Rk S bk S ok S b S Rk S S bk b S S S S R S

[b. The existing DDC systemis manufactured by | ]. The server
and operator workstation are |ocated at [ ]. If installing a
system nade by the same manufacturer, upgrade or replace the
exi sting server, operator workstation, and | aptop computer
software with the manufacturer's |atest software version for al
used applications. Upgrade hardware, nenory, and operating
systens if required.]

4.1 Desi gn Requi rement s

.4.1.1 Control System Drawi ngs Titl e Sheet

Provide a title sheet for the control systemdraw ng set. |nclude the
project title, project location, contract nunber, the controls contractor
preparing the draw ngs, an index of the control drawings in the set, and a
| egend of the synmbols and abbrevi ati ons used t hroughout the control system
dr awi ngs.

.4.1.2 List of I/O Points

Al so known as a Point Schedul e, provide for each input and out put point
physically connected to a digital controller: point name, point
description, point type (Anal og Qutput (AO, Analog Input (Al), Binary

Qut put (BO), Binary Input (BlI)), point sensor range, point actuator range,
poi nt address, BACnet object, associated Bl BBS (where applicable), and
poi nt connection term nal nunber. Typical schedules for multiple identica
equi prrent are all owed unl ess ot herw se requested in design or contract
criteria.
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1.4.1.3 Control System Conponents Li st

Provide a conplete list of control system conponents installed on this
project. Include for each controller and device: control system schematic
nane, control system schematic designation, device description

manuf acturer, and nmanufacturer part number. For sensors, include point
nane, sensor range, and operating limts. For valves, include body style,
Cv, design flow rate, pressure drop, valve characteristic (linear or equa
percent age), and pi pe connection size. For actuators, include point nane,
spring or non-spring return, nodul ating or two-position action, nornal
(power fail) position, nom nal control signal operating range (0-10 volts
DC or 4-20 millianps), and operating linits.

1.4.1.4 Control System Schemati cs
Provide control system schematics. Typical schematics for nmultiple
i dentical equipnent are all owed unl ess otherw se requested in design or
contract criteria. Include the foll ow ng:
a. Location of each input and output device

b. Flow diagram for each piece of HVAC equi pnent

c. Nane or synbol for each control system conponent, such as V-1 for
a val ve

d. Setpoints, with differential or proportional band val ues

e. Witten sequence of operation for the HVAC equi pnent

f. Valve and Danper Schedules, with nornmal (power fail) position
1.4.1.5 HVAC Equi pnent El ectrical Ladder Di agrans

Provi de HVAC equi pnent el ectrical |adder diagrans. |Indicate required
el ectrical interlocks.

1.4.1.6 Conponent Wring D agrans

Provide a wiring diagramfor each type of input device and output device.

I ndi cate how each device is wired and powered; show ng typical connections
at the digital controller and power supply. Show for all field connected
devi ces such as control relays, notor starters, actuators, sensors, and
transmitters.

1.4.1.7 Termnal Strip Diagrans

Provide a di agram of each terminal strip. Indicate the terminal strip
| ocation, term nation nunbers, and associated point nanes.

1.4.1.8 BACnet Contruni cation Architecture Schenmatic
Provide a schematic showing the project's entire BACnet conmunication
networ k, including addressing used for LANs, LAN devices including routers

and bridges, gateways, controllers, workstations, and field interface
devices. |If applicable, show connection to existing networks.
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1.

5 SUBM TTALS

Submit detail ed and annot ated manufacturer's data, draw ngs, and
specification sheets for each itemlisted, that clearly show conpliance
with the project specifications.

CGovernment approval is required for subnittals with a "G' designation;

submittals not having a "G' designation are for Contractor Quality Control
approval. Submt the follow ng according to 01 33 00 SUBM TTAL PROCEDURES:

EE R R I R R I R I R I R R I R I R I R I R R R I R R R I R R I R

NOTE: The BAS Owner will be the primary revi ewer
for subnmittals marked by the "G'. Delete itens if

not used in the control system
EE IR I Sk S S I S S S R R Rk I S kR Rk Ik I S bk S S kR Sk

SD- 02 Shop Drawi ngs
Include the following in the project's control system draw ng set:
Control systemdrawings title sheet; G
List of I/O Points; G
Control System Conponents List; G
Control system schematics; G
HVAC Equi pnent El ectrical Ladder diagranms; G
Conmponent wiring diagranms; G
Term nal strip diagrams; G
BACnet communi cation architecture schematic; G
SD- 03 Product Data
Direct Digital Controllers; G

I ncl ude BACnet PICS for each controller/device type, including
smart sensors (B-SS) and snmart actuators (B-SA)

BACnet Gateways; G

I ncl ude BACnet and workstation display information; bi-directiona
conmmuni cation ability; conpliance with interoperability schedul e;
expansi on capacity; handling of alarns, events, scheduling and
trend data; and single device capability (not dependi ng on
mul ti pl e devices for exchanging information fromeither side of

t he gat eway).

BACnet Protocol Analyzer; G

Include capability to store and report data traffic on BACnhet
net wor ks, neasure bandwi dth usage, filter information, and

i dentify BACnet devices.

DDC Software; G
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BACnet Operator Wrkstation; G

BACnet Operator Workstation DDC Software; G

I ncl ude BACnet PICS for Operator Workstation software.
Not ebook Conputer; G

Sensors and | nput Hardware; G

Qut put Hardware; G

Surge and transient protection; G

I ndicators; G

[Air conpressors; (]

[Refrigerated air dryers; (]

[ Pneumati c tubing; C]

EE R I R R R R I R I R R R R R I R I R I R I R R R I R R S R R R S R L

NOTE: Delete this itemif snoke detectors are furnished under Section
13852N, "Interior Fire Detection and Alarm System "

Rk Ik kR IR Rk I kb S O I ARk Ik Ik b o R R R R Rk kb S I kb S R I R

[ Duct snoke detectors; (]

EE R I R I R R I R I R I R R I R I I R I R I R R R I R I R R R I R

NOTE: Delete this itemif VFDs are furnished under another section.
Kok ok ok ok ok Kk Kk Kk kK kK Kk kK kK Kk Kk kK Kk Kk Kk Kk kK kR kK kK Kk kK kK kK Kk Kk Kk kK Kk Kk Kk kK K kK Kk
[ Variabl e frequency (nmotor) drives; (]
SD- 05 Design Data
Performance Verification Testing Plan; G
Pre-Performance Verification Testing Checklist; G
SD- 06 Test Reports
Performance Verification Testing Report; G
SD-07 Certificates
Contractor's Qualifications; G
SD-09 Manufacturer's Field Reports
Pre- PVT Checklist; G
SD-10 Operation and Mi ntenance Data
Conply with requirenents for data packages in Section 01 78 23
OPERATI ON AND MAI NTENANCE DATA, except as suppl emented and

nmodi fied in this specification.

BACnet Direct Digital Control Systens, Data Package 4; G
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Control s System Operators Manual s, Data Package 4; G
VFD Servi ce Manual s, Data Package 4; G
SD-11 Cl oseout Submittals
Trai ni ng docunentation; G
1.6 QUALI TY ASSURANCE
1.6.1 Standard Products

Provide material and equi pnent that are standard manufacturer's products
currently in production and supported by a | ocal service organization

1.6.2 Del i very, Storage, and Handling

Handl e, store, and protect equipment and materials to prevent danmage before
and during installation according to manufacturer's recomendati ons, and as
approved by the Contracting O ficer. Replace damaged or defective itens.

1.6.3 Oper ating Envi ronnent

Protect conponents fromhum dity and tenperature variation, dust, and
contam nants. |If conponents are stored before installation, keep them
within the manufacturer's limts.

1.6.4 Fi ni sh of New Equi prent

New equi prment finishing shall be factory provided. Mnufacturer's standard
factory finishing shall be proven to withstand 125 hours in a salt-spray
fog test. Equipnent |ocated outdoors shall be proven to w thstand 500
hours in a salt-spray fog test.

Salt-spray fog test shall be according to ASTM B 117, with acceptance
criteria as follows: inmmediately after conpletion of the test, the finish
shal | show no signs of degradation or |oss of adhesion beyond 0.125 inch on
either side of the scratch mark

1.6.5 Verification of D nensions

The contractor shall verify all dinmensions in the field, and advise the
Contracting O ficer of any discrepancy before perfornng work.

1.6.6 Contractor's Qualifications

Submit docunentation certifying the controls Contractor perforning the work
has conpleted at |least three DDC systens installations of a simlar design
to this project, and programred simlar sequences of operation for at |east
two years.

1.6.7 Modi fication of References
The advi sory provisions in ASVE B31.1 and NFPA 70 are mandatory.
Substitute "shall" for "should" wherever it appears and interpret all

references to the "authority having jurisdiction" and "owner" to nean the
Contracting Oficer.
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1

6.8

Proj ect Sequence

The control systemwork for this project shall proceed in the foll ow ng

order:

a.

PART 2

2.

Submit and receive approval on the Shop Draw ngs, Product Data,
and Certificates specified under the paragraph entitled
"SUBM TTALS. "

Performthe control systeminstallation work, including all field
check-outs and tuni ng.

Provi de support to TAB personnel as specified under the paragraph
"TEST AND BALANCE SUPPORT."

Submit and receive approval of the Controls System Operators
Manual specified under the paragraph "CONTROLS SYSTEM OPERATORS
MANUALS. "

Submit and receive approval of the Performance Verification
Testing Plan and the Pre-PVT Checklist specified under the

par agr aph " PERFORMANCE VERI FI CATI ON TESTI NG "

Performthe Performance Verification Testing.

Submit and receive approval on the PVT Report.

Submit and receive approval on the Traini ng Docunentation
speci fi ed under the paragraph "1 NSTRUCTI ON TO GOVERNMENT
PERSONNEL"[ and "VFD Service Support"]. Submit at |east 30 days
bef ore training.

Deliver the final Controls System Operators Manual s[ and VFD
Servi ce Manual s].

Conduct the Phase | Training[ and VFD on-site/hands-on training].
Conduct the Phase Il Training.
Submit and receive approval of Cl oseout Submittals.

PRODUCTS

1 DDC SYSTEM

R IR I S bk S b kS O Rk S kS IR Sk S b R Rk S S bk b S Sk S S

NOTE: Consi der bel ow whether to require integral
or factory-provided ("Native") BACnet controllers
for HVAC and pl ant equipnent. |f so, coordinate
this requirement with other sections and
specifications for plant equipnent. This allows
el i m nating redundant sensor/actuator requirenents
and provides access to many control and status
paraneters using BACnet with a single LAN connection
to the equi prent. Possible di sadvantages incl ude
hi gher cost, disqualifying otherw se qualified
vendors, and nore detailed integration criteria.

R IR I S bk S bk I S kS I I kS b S Rk S bk S bk S b S R R S bk b S S kS S
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NOTE: Using only BTL listed devices (last sentence
in brackets paragraph 2.1.a) requires
investigation. Devices listed by the BACnet Testing
Labs will provide a higher |evel of assurance that
t hey nmeet cl ai ned perfornance. However, requiring
BTL listed products nmay elininate otherw se
qualified vendors, or those in line for testing but
not yet certified. To help determ ne whether this
requi renent shoul d be used, a current list of BTL
certified devices are published at:

htt p: / bacnetassoci ation.org/btl/.

EE R R R R I R R R I I O R R R R I S R Rk I I R I I R R O R O

a. Provide a networked DDC system for stand-al one control in
conpliance with the latest revision of the ASHRAE 135 BACnet
standard. Include all programm ng, objects, and services required
to neet the sequence of control. Provide BACnet conmunications
bet ween the DDC system and native BACnet devices furnished with
HVAC equi pnent [and plant equi pnent including boilers, chillers,

and variabl e frequency drives]. [Devices provided shall be
certified in the BACnet Testing Laboratories (BTL) Product
Li sting. ]

Rk Ik Sk kR IR Rk I S S S I ARk Ik kb S R R Rk Ok S Rk Ik R

NOTE: Al ways indicate the |ocation of operator

wor kst ati ons and servers on project drawi ngs. Edit
and coordinate the bel ow paragraph with Section 1
DDC System Description and the BAS Oaner.

EE IR R I R R I I R R I I I R R R R S R R R I Rk I I R R I R O S

[b. Provide an operator workstation [and new server] with conplete
i nterface software capabl e of progranm ng, configuring, and
nmonitoring the digital controllers.][Interface the new DDC system
with the site's existing server and operator workstation and
software including graphic creation, scheduling, alarmng, and
trending. The server and workstation are |ocated at ]

2.1.1 Direct Digital Controllers
Direct digital controllers shall be UL 916 rated.

2.1.1.1 I/O Point Linmtation
The total nunber of 1/0O hardware points used by a single stand-al one
digital controller, including I/O expansion units, shall not exceed 64,
except for conpl ex individual equipnent or systens. Place |I/O expansion
units in the sane cabinet as the digital controller

2.1.1.2 Environnmental Linmts
Controllers shall be suitable for, or placed in protective encl osures
suitable for the environnent (tenperature, humdity, dust, and vibration)
where they are | ocated.

2.1.1.3 St and- Al one Contro

Provi de stand-al one digital controllers.
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2.1.1. 4 I nternal d ock

Provide internal clocks for all BACnet Building Controllers (B-BC) and
BACnet Advanced Application Controllers (B-AAC) using BACnet tine
synchroni zati on services. Automatically synchronize system clocks daily
froman operator-designated controller. The systemshall autonatically
adj ust for daylight saving tine.

.1.1.5 Menmor y

Provide sufficient menory for each controller to support the required
control, comruni cation, trends, alarns, and nessages. Protect prograns
residing in nenory with EEPROM flash nmenory, or by an uninterruptible
power source (battery or uninterruptible power supply). The backup power
source shall have capacity to maintain the nenory during a 72-hour

conti nuous power outage. Rechargeabl e power sources shall be constantly
charged while the controller is operating under nornal |ine power
Batteries shall be replaceable without soldering. Trend and al arm history
coll ected during normal operation shall not be |Iost during power outages

| ess than 72 hours |ong.

.1.1.6 I mmunity to Power Fluctuations
Controllers shall operate at 90%to 110% nomi nal voltage rating.
.1.1.7 Transf or ner

The controller power supply shall be fused or current Iinmting and rated at
125% power consunpti on.

.1.1.8 Wring Term nations

Use screw terminal wiring termnations for all field-installed

controllers. Provide field-renovable nodular termnal strip or a

term nation card connected by a ribbon cable for all controllers other than
termnal units.

.1.1.9 I nput and Qutput Interface

Provide hard-wired i nput and output interface for all controllers as
fol |l ows:

a. Protection: Shorting an input or output point to itself, to
anot her point, or to ground shall cause no controller danage.
I nput or output point contact with sources up to 24 volts AC or DC
for any duration shall cause no controller danage.

b. Binary Inputs: Binary inputs shall have a toggle switch and
nmoni tor on and off contacts froma "dry" renote device w thout
external power, and external 5-24 VDC voltage inputs.

c. Pulse Accunulation Inputs: Pulse accunul ation inputs shal
conformto binary input requirenments and accumnul ate pul ses at a
resol ution suitable to the application

d. Analog Inputs: Analog inputs shall nmonitor |owvoltage (0-10
VDC), current (4-20 mA), or resistance (therm stor or RTD) signals.

e. Binary Qutputs: Binary outputs shall have a toggle switch and
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send a pul sed 24 VDC | ow vol tage signal for nodul ation control, or
provi de a mai ntai ned open-cl osed position for on-off control. For
HVAC equi pnent and pl ant controllers, provide for manual
overrides, either with three-position (on-off-auto) override
switches and status lights, or with an adjacent operator display
and interface. Were appropriate, provide a nmethod to sel ect
normally open or nornally cl osed operation

f. Analog Qutputs: Analog outputs shall send nodul ati ng 0-10 VDC or
4-20 mA signals to control output devices.

g. Tri-State Qutputs: Tri-State outputs shall provide three-point
floating control of terminal unit electronic actuators.

2.1.1.10 Digital Controller BACnet I|nternetwork

Provide a BACnet internetwork with control products, conmunication nedia,
connectors, repeaters, hubs, and routers. Provide internediate gateways,
only when requested by the Governnent and shown on the contract draw ngs,

to connect existing non-BACnet devices to the BACnet internetwork.
Control |l er and operator interface conmunication shall conformto ASHRAE 135,
BACnet. [Use the building' s existing Ethernet backbone for network
segnents nmarked "existing" on project drawings. Coordinate connections to
exi sting Ethernet backbones with the BAS Omer and LAN adninistrator.] |If
a controll er beconmes non-responsive, the remaining controllers shal

continue operating and not be affected by the failed controller.

2.1.1.11 Conmmuni cati ons Ports

a. Direct-Connect Interface Ports: Provide at |east one extra
communi cati on port at each |ocal BACnet network for direct
connecting a notebook computer or BACnet hand-held terninal so al
net wor k BACnet objects and properties may be viewed and edited by
t he operator.

b. Tel ecomunications Interface Port: Provide one tel ecomunication
port per building, permitting renote conmunication via
poi nt-to-point (PTP) protocol over tel ephone |ines.

2.1.1.12 Modens

Provide [v.92] [DSL] nodens where required for comuni cati on between the
BACnet Operator Workstation (B-OA5) and the DDC system

2.1.1.13 BACnet Gat eways

EE R R I R R I R I R I R R I R I R I R I R R R I R R R I R R I R

NOTE: Gateways require a good understandi ng of when
and where to use them Use Caution when trying to
connect to non-BACnet DDC and OEM equi pnent. It may
be nore practical to select new equi prent that is

al ready "BACnet ready". Research gateway

manuf acturers for price, options, and perfornance
before including in the design.

When usi ng gateways, they nmust be requested and

approved by the CGovernnent and specifically shown on
BACnet conmmuni cation schenmatic architecture draw ngs.
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For each gateway, the design needs to include an
i nteroperability schedul e showi ng each point or
event on the |legacy side that the BACnet "client
will read, and each paraneter that the BACnet
network will wite to. ldeally, one should do this
in terms of BACnet services, or BACnet
Interoperability Building Blocks (BlIBBs) defined in
ASHRAE 135 Annex K
EE IR I Sk S S I S S S R kS I Rk kI S kI kR Sk
Provi de BACnet comunication ports, whenever available as a plant equi pnent
CEM standard option, for DDC integration via a single communication cable.
Typi cal BACnet controlled plant equipnent includes, but is not linmted to,
boilers, chillers, and variable frequency notor drives.

Provi de gateways to connect BACnet to | egacy systens, existing non-BACnet
devi ces, and existing non-BACnet DDC controlled plant equi pnent, only when
specifically requested and approved by the Governnment, and shown on the
CGover nrent approved BACnet Conmunication Architecture Schematic. Provide
with each gateway an interoperability schedul e [ Use gat eway
interoperability schedul es shown on design draw ngs or other project
docunents], show ng each point or event on the | egacy side that the BACnet
"client" will read, and each paraneter that the BACnet network will wite
to. Describe this interoperability in terns of BACnet services, or
Interoperability Building Blocks (BIBBS), defined in ASHRAE 135 Annex K
Provi de two-year nininmumwarranty for each gateway, including parts and

| abor .

The foll owing m ninmum capabilities are required:

a. Gateways shall be able to read and view all readabl e object
properties listed in the interoperability schedule on the
non- BACnet network to the BACnet network and vice versa where
appl i cabl e.

b. Gateways shall be able to wite to all witeabl e object properties
listed in the interoperability schedul e on the non-BACnet network
fromthe BACnet network and vice versa where applicable.

c. Gateways shall provide single-pass (only one protocol to BACnhet
wi thout internediary protocols) translation fromthe non- BACnet
protocol to BACnet and vice versa.

d. Gateways shall neet the requirenents of Data Sharing Read Property
(DS-RP-B), Data Sharing Wite Property (DS-WP-B), Device
Managenent Dynam ¢ Devi ce Bi ndi ng-B (DM DDB-B), and Device
Managenment Conmuni cation Control (DM DCC-B) BIBBs, in accordance
wi th ASHRAE 135.

e. Gateways shall include all hardware, software, software |icenses,
and configuration tools for operator-to-gateway comunications.
Provi de backup progranm ng and paranmeters on CD nmedia and the
ability to nodi fy, downl oad, backup, and restore gateway
configuration

2.1.1.14 Digital Controller Cabinet

Rk Ik kR IR Rk ko o S S S S R R Rk R Rk kR R I I I R Ik b o b o

NOTE: Indicate control devices that nmust be in
encl osures with nore stringent requirenents than
NEMA 1 or NEMA 4.
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Provide each digital controller in a factory fabricated cabi net encl osure.
Cabi nets | ocated indoors shall protect against dust and have a m ni mum NEVA
1 rating, except where indicated otherwi se. Cabinets |ocated outdoors or
in danp environnents shall protect against all outdoor conditions and have
a mnimm NEMA 4 rating. CQutdoor control panels and controllers nust be
able to withstand extrene anmbient conditions, without mal function or
failure, whether or not the controlled equipnment is running. |f necessary,
provide a thernostatically controlled panel heater in freezing |ocations,
and an internal ventilating fan in | ocations exposed to direct sunlight.
Cabi nets shall have a hinged | ockabl e door and an of fset renovabl e netal
back plate, except controllers integral with terminal units, like those
mount ed on VAV boxes. Provide |ike-keyed | ocks for all hinged panels
provided and a set of two keys at each panel, with one key inserted in the
| ock.

.1.1.15 Mai n Power Switch and Receptacle

Provi de each control cabinet with a main external power on/off swtch
| ocated inside the cabinet. Also provide each cabinet with a separate 120
VAC dupl ex receptacl e.

1.2 DDC Sof t war e

Rk Ik Sk kR IR Rk I S S S I ARk Ik kb S R R Rk Ok S Rk Ik R

NOTE: Provide a conplete, clear, and concise
written sequence of operation for the HVAC

equi pnent. Include all conventional control
operations, tine event operations, energy managenent
functions (night setback, reset schedul es, optimm
start), push button overrides, demand |imting,
safeties, and energency conditions. Put the
sequence of operation on the design drawings, not in
t he specifications.

EE R I R R R R I R I R R R R I R I R R I R I R R I R R R R R I R

.1.2.1 Pr ogr amm ng
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NOTE: G aphic-based progranming is avail able from
many vendors and is preferred to line-by-line
programmi ng because it is easier to docunent, |earn
and troubl eshoot.

Many manuf acturers use nenu-based progranm ng that
is also easy to |learn, but may not docunent the
sequences visually, and is arguably not as flexible
as graphi c programming. .

Text-based or line-by-line programming is flexible,

but difficult to standardi ze and troubl eshoot. It

requires nmore tinme to learn, and is sonetines

difficult to foll ow what others have witten.
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Provi de programm ng to execute the sequence of operation indicated.
Provide all progranm ng and tools to configure and program al
controllers. Provide programming routines in sinple, easy-to-follow |ogic
with detailed text comments describing what the | ogic does and how it
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corresponds to the project's witten sequence of operation

a. G aphic-based programmi ng shall use a library of function bl ocks

made from pre-programed code designed for BAS control. Function
bl ocks shall be assenbled with interconnecting |ines, depicting
the control sequence in a flowhart. |If providing a computer with

devi ce progranmm ng tools as part of the project, graphic prograns
shall be viewable in real time show ng present val ues and | ogica
results fromeach function bl ock

b. Menu-based progranm ng shall be done by entering paraneters,
definitions, conditions, requirenents, and constraints.

c. For line-by-line and text-based progranmm ng, declare variable
types (local, global, real, integer, etc.) at the beginning of the
program Use descriptive coments frequently to describe the
progr ami ng.

d. If providing a conputer with device progranming tools as part of
the project, provide a neans for detecting programerrors and
testing software strategies with a sinulation tool. Simulation
may be inherent within the programm ng software suite, or provided
by physical controllers nounted in a NEMA 1 test enclosure. The
test enclosure shall contain one dedicated controller of each type
provi ded under this contract, conplete with power supply and
rel evant accessories.

2.1.2.2 Par anet er Modification

Al witeable object properties, and all other progranm ng paraneters
needed to conmply with the project specification shall be adjustable for
devices at any network |evel, including those accessible wth web-browser
communi cati on, and regardl ess of programm ng nethods used to create the
applications.

.1.2.3 Short Cycling Prevention

Provi de setpoint differentials and mininumon/off tines to prevent
equi prent short cycling.

.1.2.4 Equi pnent St at us Del ay

Provi de an adjustabl e del ay from when equi prent is commanded on or off and
when the control program | ooks to the status input for confirmation

.1.2.5 Run Ti me Accumul ation

Use the El apsed Tine Property to provide re-settable run tinme accunul ation
for each Binary Qutput Object connected to mechanical |oads greater than 1
HP, electrical |oads greater than 10 KW or wherever el se specified.

.1.2.6 Ti med Local Override

Provi de an adjustable override tinme for each push of a tined |ocal override
but t on.

.1.2.7 Ti me Synchroni zati on

Provide tinme synchronization, including adjustrments for |eap years,
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dayl i ght saving tinme, and operator tinme adjustnents.
.1.2.8 Schedul i ng

Provi de operating schedul es as indicated, with equi pnent assigned to
groups. Changing the schedul e of a group shall change the operating
schedul e of all equiprment in the group. Goups shall be capable of
operator creation, nodification, and deletion. Provide capability to view
and nodify schedules in a seven-day week format. Provide capability to
enter holiday and override schedul es one full year at a tine.

.1.2.9 oj ect Property Override

Allow writeabl e object property values to accept overrides to any valid

val ue. \Where specified or required for the sequence of control, the

Qut O _Service property of Objects shall be nodifiable using BACnet's wite
property service. Wen docunented, exceptions to these requirenent are

all owed for life, machine, and process safeties.

.1.2.10 Al arnms and Events

Al arns and events shall be capable of having programmed tine del ays and
high-low limts. Wwen a conputer workstation or web server is connected to
the BACnet internetwork, alarns/events shall report to the conputer

printer, [al phanuneric pager,][ e-mail,][ cell phone,] as defined by an

aut hori zed operator. Qherw se alarns/events shall be stored within a

devi ce on the BACnet network until connected to a user interface device and
retrieved. Provide alarns/events in agreenent with the point schedul e,
sequence of operation, and the BAS Omer. At a mninmum provide
programming to initiate alarns/events any tinme a piece of equipnent fails
to operate, a control point is outside normal range or condition shown on
schedul es, comunication to a device is lost, a device has failed, or a
controller has lost its nmenory.

.1.2.11 Trendi ng

Provi de BACnet trend services capable of trending all object present val ues
set points, and other paraneters indicated for trending on project
schedul es. Trends may be associated into groups, and a trend report may be
set up for each group. Trends are stored within a device on the BACnet
network, with operator selectable trend intervals from 10 seconds up to 60
m nutes. The mini num nunber of consecutive trend values stored at one tine
shal | be 100 per variable. Wen trend menory is full, the nost recent data
shall overwite the ol dest data.

The operator workstation shall upload trends automatically upon reaching
3/4 of the device buffer Iimt (via Notification_Threshold property), by
operator request, or by tinme schedule for archiving. Archived and
real-time trend data shall be available for view ng nunerically and
graphically for at the workstation and connected not ebook conputers.

.1.2.12 Devi ce Di agnostics
Each controller shall have diagnostic LEDs for power, comunication, and

device fault condition. The DDC system shall recognize and report a
non-responsi ve controller.
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2.1.2.13 Power Loss

Upon restoration of power, the DDC system shall performan orderly restart
and restoration of control

2.1.3 BACnet Operator Workstation

Rk Ik kR IR R R Ik S R AR Rk R R R Rk ok S R Rk Ik S kb S R R o

NOTE: Del ete this paragraph and subparagraphs bel ow

when a new operator workstation is not required.
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The workstation shall be capable of accessing all DDC system devi ces and
communi cat e using the BACnet protocol. The workstation shall be capabl e of
di spl ayi ng, nodifying, creating, archiving, and deleting (as applicable):
all points, objects, object properties, progranm ng, alarns, trends,
nessages, schedul es, and reports.

2.1.3.1 BACnet Operator Workstation Hardware

Rk Rk kR IR R R I I S o S S I Rk Ik Sk b o R R R R Rk Sk kS S I kb R R b o

NOTE: Update conputer criteria as technol ogy

di ct at es.
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Configure according to system manufacturer's specifications and conforning
to BACnet Operator Workstation (B-OA5) device standards found in ASHRAE 135,

Annex L. Install to permit conmplete nonitoring and troubl eshooting of the
DDC system
At a mnimumthe workstation hardware shall include

a desktop personal computer with Mcrosoft Wndows XP or VISTA Professiona
operating system or equal, processor and RAM exceedi ng capability and speed
required by operating systemand application software, hard drive capacity
exceedi ng software and yearly archive requirenments, 16X interna

DVD+/ -RFRWCD-RWdrive with archive creator software, [external 200 GB USB
2.0 hard drive and cable,] 4 USB 2.0 ports, 10/100 network interface card,
[MS/ TP card,] 19-inch LCD nonitor, internal V.92 nodem sound card with
speakers, 101 character keyboard, optical nouse, USB Hub with four USB 2.0
ports and connecting cable, [ink jet] [laser] printer with USB port and
cable, [3 matching toner cartridges] [3 matching color and bl ack ink
cartridges], 120-volt 800 VA uninterruptible power supply with autonmatic
voltage regulation and 4 mininumbattery back-up outlets and 2 surge
protected outlets, [[Mcrosoft Ofice bundl ed software,] [Adobe Acrobat
Witer,] [and Synmantec Chost disk imaging software or equal]]. Provide all
original licenses, installation nedia, docunentation, and recovery CDs
capabl e of restoring the original configuration. Provide a manufacturer's
3-year next business day on-site warranty with the Governnent |listed as the
warranty owner.

2.1.3.2 Password Protection

Provide at | east five levels of password protection for operator
interfaces. The lowest level only allow view ng graphics. The second

| evel allows view ng graphics and changi ng space tenperature setpoints.
The third level allows the previous |level's capability, plus changing
operating schedules. The fourth Ievel allows access to all functions
except passwords. The highest level provides all administrator rights and
allows full access to all programm ng, including setting new passwords and
access levels. Provide the BAS Owmer with the highest |evel password
access. Provide automatic log out if no keyboard or nouse activity is
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detected after a user-defined tinme del ay.
.1.3.3 BACnet Operator Workstati on DDC Sof tware

Provide the workstation software with the manufacturer's installation CDs
and licenses. Configure the software according to the DDC system

manuf acturer's specifications and in agreenment w th BACnet Operator

Wor kst ati on (B-OA5) device standards found in ASHRAE 135, Annex L.

The workstation software shall permt conplete nonitoring, nodification

and troubl eshooting interface with the DDC system The operator interface
with the software shall be nenu-driven with appropriate displays and nenu
commands to mani pul ate the DDC system s objects, point data, operating
schedul es, control routines, systemconfiguration, trends, alarns,

messages, graphics, and reports. Trends shall be capabl e of graphic
display inreal tinme, with variables plotted as functions of tinme. Each

al arned point shall be capable of displaying its alarmhistory, show ng
when it went into alarm if and when it was acknow edged, and when it went
out of alarm The nodification of DDC system paraneters and obj ect
properties shall be acconplished with "fill in the blank" and/or "point and
drag" nethods. Mbdifications shall downl oad to the appropriate controllers
at the operator's request.

.1.3.4 Graphi cs Software

Provi de web-based system graphics vi ewabl e on browsers conpatible with M
Internet Explorer 6.X or greater using an industry-standard file format
such as HTM., BWMP, JPEG or QdF.

Graphi ¢ di splays shall have full-screen resoluti on when viewed on the

wor kst ati on and not ebook conputers. Dynam c data on graphics pages shal
refresh within 10 seconds using an Internet connection, or 30 seconds using
a di al -up nodem connection. G aphics viewing shall not require additiona
"plug-in" software |ike Java, Shockwave and Fl ash applications unless the
software is readily available for free over the Internet, and certified for
use with Navy Marine Corps Internet (NMCl) personal conputers.

The graphics shall show the present val ue and object nanme for each of the
project's 1/O points on at |east one graphic page. Arrange point val ues
and nanes on the graphic displays in their appropriate physical |ocations
with respect to the floor plan or equipnent graphic displayed. G aphics
shall allow the operator to nonitor current status, view zone and equi pnent
summari es, use point-and-click navigation between graphic pages, and edit
setpoints and paraneters directly fromthe screens. |Itens in alarm shal

be di spl ayed using a different color or other obvious visual indicator.
Provi de graphics with the foll ow ng:

a. Gaphic Types: Provide at |east one graphic display for each
pi ece of HVAC equi pnent, building floor, and controlled zone.
I ndi cat e dynam ¢ poi nt val ues, operating statuses, alarm
conditions, and control setpoints on each display. Provide
sunmary pages where appropriate.

(1) Building Elevation: For buildings nore than one story,
provide an elevation view of the building with links to each of
the building's floor plans. Sinulate the building's architecture
and include the building nunber and floor numbers. |f possible,
use an actual photograph of the building.

SECTION 23 09 23.13 20 Page 30



2.

1

4

(2) Building Floor Plans: Provide a floor plan graphic for each
of the building's floors [and roof] with dynam c di splay of space
tenperature and other inportant data. |f used, indicate and
provide links to sub-plan areas. |If possible, use the project's
electronic drawing files for the graphic backgrounds. Provide
clear nanes for inportant areas, such as "Min Conference Room"

I ncl ude room narmes and nunbers where applicable. Include features
such as stairwells, elevators, and main entrances. Were
appl i cabl e, include the mechanical room HVAC equi pnent, and
control conponent |ocations, with corresponding links to the

equi pnent graphi cs.

(3) Sub-plan Areas: Wiere a building's floor plan is too |arge
to adequately display on the screen, sub-divide the plan into

di stinct areas, and provide a separate graphic display for each
area. Provide sane |evel of detail requested in building floor
pl an section above.

(4) HVAC Equipnent: Provide a graphic display for each piece of
HVAC equi pnent, such as a fan coil unit, VAV termnal, or air
handl i ng unit. Equi pnent shall be represented by a two or

t hree-di nensi onal drawing. Were nmultiple pieces of equipnent
conbine to forma system such as a central chiller plant or
central heating plant, provide one graphic to depict the entire

plant. Indicate the equi pnent, piping, ductwork, danpers, and
control valves in the installed location. Include |abels for
equi pent, piping, ductwork, dampers, and control valves. Show
the direction of air and water flow. Include dynam ¢ display of

appl i cabl e object data with clear nanes in appropriate |ocations.

(5) Sequence of Operation: Provide a graphic screen displaying
the witten out full sequence of operation for each piece of HVAC
equi prent. Provide a link to the sequence of operation displays
on their respective equi pnent graphics.[ |nclude dynam c
real-tine data within the text for setpoints and vari abl es. ]

Graphic Title: Provide a prominent, descriptive title on each
graphi ¢ page.

Dynanmi c Update: Wen the workstation is on-line, all graphic I/0O
obj ect val ues shall update with change-of-val ue services, or by
operator selected discrete intervals.

Graphi ¢ Linking: Provide forward and backward |inking between
floor plans, sub-plans, and equi prment.

Graphic Editing: Provide installed software to create, nodify,
and del ete the DDC graphics. Include the ability to store graphic
synbols in a synbol directory and inport these synbols into the

gr aphi cs.

Dynam c Point Editing: Provide full editing capability for
del eting, addi ng, and nodifying dynam c points on the graphics.

Not ebook Conput er

Provi de a not ebook conputer, conplete with the project's installed DDC
software, applications database, and graphics to fully troubl eshoot and
program the project's devices. Notebook conputers for web-based systens do
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not require this installed software if they have the ability to connect
locally in real tine, view all graphics, and fully troubl eshoot, nodify,
and program all project devices. Provide the notebook conputer with
ballistic nylon carrying case with shoul der strap [on wheels with a

tel escoping handle Jwith all necessary cables and interface hardware needed
for setup and communi cation with the controllers and control system
component s.

At a m ni mum the not ebook conmputer shall include: a Mcrosoft XP

Pr of essi onal operating system processor with capability and speed required
by application software, 40 giga-byte hard drive, 512 nega-byte RAM 2 USB
2.0 ports, 10/100 network interface card,[ ARCnet card,] [MS/ TP card,]
internal V.92 nmodem 15-inch display, keyboard, 3-hour battery with
charger, 52X internal CD-RWdrive with CD creator software, [and M crosoft
Ofice bundled software]. Provide all original licenses, installation
nedi a, docunmentation, and recovery CDs capable of restoring the origina
configuration. Provide the manufacturer's 3-year next business day on-site
warranty with the Governnent |isted as the warranty owner.
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NOTE: The BACnet Protocol Analyzer is typically
software for connecting a conputer to any BACnet
network and sweeping it for basic system
information. It is very useful for integration
projects with poorly docunented systens, or where
di fferent BACnet nanufacturers reside on the sane
net wor k.

It takes a noderate level of skill and know edge to
use and understand a Protocol Analyzer. Delete the

requi renent below if l[ocal users already have it, or
if they are not interested in using it.
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2.1.5 BACnet Protocol Analyzer
Provi de a BACnet protocol analyzer and required cables and fittings for
connection to the BACnet network. The anal yzer shall include the foll ow ng
m ni mum capabilities:

a. Capture and store to a file data traffic on all network |evels.

b. Measure bandw dth usage.

c. Filtering options with ability to ignore select traffic.

.2 SENSORS AND | NPUT HARDWARE

Coordi nate sensor types with the BAS Owmer to keep them consistent with
exi sting installations.

2.1 Field-lInstall ed Tenperature Sensors

Were feasible, provide the same sensor type throughout the project. Avoid
using transmitters unl ess absol utely necessary.

.2.1.1 Therm stors

Precision therm stors may be used in applications bel ow 200 degrees F.
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Sensor accuracy over the application range shall be 0.36 degree F or |ess
between 32 to 150 degrees F. Stability error of the therm stor over five
years shall not exceed 0.25 degree F cumul ative. A/ D conversion resolution
error shall be kept to 0.1 degree F. Total error for a thermstor circuit
shal |l not exceed 0.5 degree F.

.2.1.2 Resi st ance Tenperature Detectors (RTDs)

Provi de RTD sensors with plati numel ements conpatible with the digital
controllers. Encapsul ate sensors in epoxy, series 300 stainless steel
anodi zed al um num or copper. Tenperature sensor accuracy shall be 0.1
percent (1 ohm of expected ohns (1000 ohns) at 32 degrees F. Tenperature
sensor stability error over five years shall not exceed 0.25 degree F
cumul ative. Direct connection of RTDs to digital controllers wthout
transmitters is preferred. Wen RTDs are connected directly, |ead

resi stance error shall be less than 0.25 degrees F. The total error for a
RTD circuit shall not exceed 0.5 degree F.

2.1.3 Tenperature Sensor Details

Rk Ik kR IR Rk I ARk Ik kS R R Rk o R R Ik R I kI SRRk S b o

NOTE: \Where feasible, include a supply air
tenperature sensor for all air handling, fan coil
and VAV terminal units for troubl eshooting and

per formance nonitori ng.
R R R R R R R R R R

a. Room Type: Provide the sensing el enment conponents within a
decorative protective cover suitable for surroundi ng decor
[ Provide room tenperature sensors with tined override button
setpoi nt adjustnent |ever, digital tenperature display.]
[ Provide a conmuni cation port or 802.11x wi rel ess support for a
portabl e operator interface |like a notebook computer or PDA ]

b. Duct Probe Type: Ensure the probe is |ong enough to properly
sense the air stream tenperature.

c. Duct Averaging Type: Continuous averagi ng sensors shall be one
foot in length for each 4 square feet of duct cross-sectiona
area, and a mnimmlength of 6 ft.

d. Pipe Imrersion Type: Provide mninumthree-inch inmersion
Provi de each sensor with a correspondi ng pi pe-nmounted sensor wel |
unl ess indicated otherwi se. Sensor wells shall be stainless stee
when used in steel piping, and brass when used in copper piping.
Provide the sensor well with a heat-sensitive transfer agent
bet ween the sensor and the well interior.

e. Qutside Air Type: Provide the sensing elenent on the building' s
north side with a protective weather shade that positions the
sensor approximately 3 inches off the wall surface, does not
inhibit free air flow across the sensing el enent, and protects the
sensor from snow, ice, and rain.

2.2 Transnitters
Provide transmitters with 4 to 20 mA or 0 to 10 VDC |inear output scaled to

the sensed input. Transnmitters shall be matched to the respective sensor
factory calibrated, and sealed. Size transmtters for an output near 50
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percent of its full-scale range at nornmal operating conditions. The tota
transmitter error shall not exceed 0.1 percent at any point across the
measured span. Supply voltage shall be 12 to 24 volts AC or DC
Transmtters shall have non-interactive offset and span adjustnents. For
tenmperature sensing, transmitter drift shall not exceed 0.03 degrees F a
year.

2.2.2.1 Rel ative Humidity Transmtters

R IR I S bk S bk kS I I kS Rk S bk S bk S b S R R S b b S S Sk Rk S

NOTE: Even on projects without direct humdity
control, include roomRH sensors in inportant areas

for monitoring at the workstation
EE IR R I Sk S b I Sk S S S I R R Rk Ik I S kS kS kI kS kR kS

Provide transmitters with an accuracy equal to plus or minus 3 [2] [5]
percent fromO to 90% scal e, and | ess than one percent drift per year
Sensing el enents shall be the polynmer type.

2.2.2.2 Pressure Transmitters
Provide transmitters integral with the pressure transducer.
2.2.3 Current Transducers

Provide current transducers to nonitor notor anperage, unless current
swi tches are shown on design draw ngs or point tables.

2.2.4 Pneumatic to Electric Transducers

Pneumatic to el ectronic transducers shall convert a O to 20 psig signal to
a proportional 4 to 20 mA or 0 to 10 VDC signal (operator scal eable).
Supply voltage shall be 24 VDC. Accuracy and linearity shall be 1.0
percent or better.

2.2.5 Air Quality Sensors

Rk Ik Sk kR IR Rk Ik I S o S kR Rk S R Rk Sk ko kR Ik S kb

NOTE: Choose between CO2 sensors and air quality
sensors, or use both. CO2 sensors provide
informati on to ensure adequate ventilation. Air
quality sensors are useful to nonitor areas
vul nerable to organi c contami nates |ike car exhaust
and industrial solvents.
EE IR R I Sk I I I kS S O R R Sk kI kS R Rk kI S S kS kS

Provi de power supply for each sensor.
2.2.5.1 Cx2 Sensors
Provi de photo-acoustic type CO2 sensors with integral transducers and

i near output. The devices shall read CO2 concentrations between 0 and 2000
ppmwi th full scale accuracy of at least plus or minus 100 ppm

2.2.5.2 Air Quality Sensors
Provide full spectrumair quality sensors using a hot wire el ement based on
the Taguchi principle. The sensor shall nonitor a wi de range of gaseous

vol atil e organi ¢ conponents common in indoor air contam nants |ike paint
fumes, solvents, cigarette snoke, and vehicle exhaust. The sensor shal
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automatically conpensate for tenperature and hum dity, have span and
calibration potentionmeters, operate on 24 VDC power w th output of 0-10
VDC, and have a service rating of 32 to 140 degrees F and 5 to 95 percent
relative humdity.

. 2.6 | nput Switches

.2.6.1 Ti med Local Overrides

Provi de buttons or switches to override the DDC occupancy schedul e
programm ng for each major building zone during unoccupi ed periods, and to
return HVAC equi prent to the occupied node. This requirenent is waived for
zones clearly intended for 24 hour continuous operation

2.7 Freeze Protection Thernostats

Provi de special purpose thernostats with flexible capillary el enents 20
feet mnimumlength for coil face areas up to 40 square feet. Provide

| onger elenents for larger coils at 1-foot of element for every 4 square
feet of coil face area, or provide additional thernostats. Provide swtch
contacts rated for the respective notor starter's control circuit voltage
I nclude auxiliary contacts for the switch's status condition. A freezing
condition at any 18-inch increnent along the sensing elenent's |ength shal
activate the switch. The thernostat shall be equi pped with a manua
push-button reset switch so that when tripped, the thernostat requires
manual resetting before the HVAC equi prent can restart.

.2.8 Al r Fl ow Measurenent Stations

Air flow nmeasurenent stations shall have an array of velocity sensing

el ements and straightening vanes inside a flanged sheet netal casing. The
vel ocity sensing elenments shall be the RTD or therm stor type, traversing
the ducted air in at least two directions. The air flow pressure drop
across the station shall not exceed 0.08 inch water gage at a velocity of
2,000 fpm The station shall be suitable for air flows up to 5,000 fpm
and a tenperature range of 40 to 120 degrees F. The station's neasurenent
accuracy over the range of 125 to 2,500 fpmshall be plus or mnus 3
percent of the neasured velocity. Station transmitters shall provide a

i near, tenperature-conpensated 4 to 20 mA or 0 to 10 VDC output. The

out put shall be capable of being accurately converted to a correspondi ng
air flowrate in cubic feet per mnute. Transnitters shall be a 2-wire,

| oop powered device. The output error of the transmitter shall not exceed
0.5 percent of the neasurenent.

2.9 Energy Metering

EE R R I R R I R I R I R R I R I R I R I R R R I R R R I R R I R

NOTE: Metering requirenments are in the NAVFAC

Mai nt enance Manual, MO 221 Utilities Metering. Also
determ ne | ocal needs of the BAS Omer and show
nmeters on the draw ngs.
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.2.9.1 El ectric Meters
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NOTE: Use the first paragraph when electric neters
are covered under another section, and delete the
second paragraph. Oherwi se, delete the first

par agraph and use the second.
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[ Provide kil owatt-hour (kW) neter(s) shown in accordance with NFLPA C12. 10,
suitable for the intended voltage, phases, and wye/delta configuration
with three current transformers and an output signal conpatible with the
DDC system The meter shall have a box-mounted socket and an automatic
circuit-closing bypass. Provide the meter with at |east four pointer-type
kWh registers, provisions for pulse initiation, and universal Cdass 2
i ndi cating maxi num kW denmand regi ster, sweep pointer indicating type, and a
[15] [30] [60] mnute interval. The nmeter accuracy shall be within plus or
m nus one percent of the actual kWh. Provide the correct nultiplier on the
nmeter face. Provide the current transformers in accordance with | EEE C57. 13,
with 600-volt insulation, and rated for netering with voltage, IL,
nonentary, and burden ratings coordinated with the ratings of correspondi ng
neters. Provide butyl-nol ded donut or wi ndow type transfornmers nounted on
a bracket to all ow secondary cables to connect to the transforner
bushings. Provide wiring identification of the current transfornmer
secondary feeders to permt field nmeasurenments to be taken w th hook-on
amet ers. ]
kkkhkkhkkhkhkhkkhkkhkhkhkhkhkhkhkkhhkhkhkhhhkhkhkhkkkhhhk khkhkkkhhhk k khkkkkkhkhk k khkkkkkhk k k k kkkkk ),k k k,**x*%
NOTE: Locate steam nmeters according to ASVE, Fluid
Meters; Theory and Applications.
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2.2.9.2 St eam Meters

Steam neters shall be the vortex type, with pressure conpensation, a
m ni mum turndown ratio of 10 to 1, and an output signal conpatible with the
DDC system

2.3 QUTPUT HARDWARE

2.3.1 Control Danpers
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NOTE: Show all control danpers on the control

drawi ngs. Indicate the blade configuration (parallel
or opposed-bl ade), the actuator normal position

and whether it's two-position or nodul ating. Where
desired, provide a switch on the |inkage to indicate
t he danper status
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Provi de factory manufactured [gal vani zed][stai nl ess] steel danpers where

i ndi cated. Control danpers shall conply with SVACNA 1966 except as nodified
or supplenented by this specification. Published danper | eakage rates and
respective pressure drops shall have been verified by tests in conpliance
with AMCA 500-C requirenents.

Provi de danper assenbly frames constructed of 1.62 m0. 064 inch m ni mum

t hi ckness [gal vani zed] [ stai nl ess] steel channels with mtered and wel ded
corners. Danper axles shall be 13 mM@O0.5 inches m ni num di aneter plated
steel rods supported in the danper frame by stainless steel or bronze
bearings. Bl ades nounted vertically shall be supported by thrust bearings.

Provi de danper shafts of gal vani zed steel extending the full danper |ength

wi th bearings at each end of the shafts. Bearings shall be constructed of
oi |l -i npregnated bronze or nylon or a synthetic plastic equivalent to
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nylon. Provide for shafts 50 nMm2 inch standoffs to clear duct insulation
Stand-of f nmounting items shall be integral with the operator or standard
accessory of the danper manufacturer.

Danpers shall be rated for not |ess than 10 nis2000 fpn air velocity. The
pressure drop through each danper when full-open shall not exceed 10 Pa

wat er gage at 5 nis0.04 inches water gage at 1000 fpmr face velocity. Danper
assenblies in ductwork subject to above 746 Pa3-inch water gauge static air
pressure shall be constructed to neet SMACNA Seal C ass "A" construction
requirenents.

Provi de the danper operating |inkages outside of the air stream including
crank arms, connecting rods, and other hardware that transmits notion from
the danper actuators to the dampers, shall be adjustable. Additionally,
operating |inkages shall be designed and constructed to have a 2 to 1
safety factor when | oaded with the maxi nrumrequired danper operating force
Li nkages shall be brass, bronze, gal vani zed steel, or stainless steel

Provi de access doors or panels in hard ceilings and walls for access to all
conceal ed danper operators and danper |ocking setscrews.

For field-installed control danpers, a single danper section shall have

bl ades no | onger than 1220 mM48 i nches and no hi gher than 1830 m72 i nches.
The nmaxi mum danper bl ade wi dth shall be 305 nml2 i nches. Larger sized
danmpers shall be built using a conbination of sections.

Frames shall be at |east 50 nm2 inchesw de. Flat blades shall have edges
folded for rigidity. Blades shall be provided with conpressibl e gasket
seals along the full length of the blades to prevent air |eakage when

cl osed.

The danper franes shall be provided with janb seals to mininize air
| eakage. Seals shall be suitable for an operating tenperature range of
m nus 40 degrees C to 93 degrees Cnminus 40 degrees F to 200 degrees F.

The | eakage rate of each danper when full-closed shall be no nore
than 2 1 /s per sq. neter4 cfmper sq. foot of danper face area at
996 Pal.O0 inches water gage static pressure.

3.2 Control Val ves

.3.2.1 Val ve Assenbly

Rk Ik kR IR R R Ik S R AR Rk R R R Rk ok S R Rk Ik S kb S R R o

NOTE: Select valve Cv so pressure drops are within
the constraints of the avail abl e pressures, pipe

vel ocities, econony of design, and noise criteria.
Do not oversize control valves. Size steam valves
using the critical pressure drop (0.45 of absolute
pressure). In the absence of other sizing criteria,
si ze nmodul ating hot and chilled water coil contro
val ves for a pressure drop of 21 kPa 2 psi to 4 psi
Li st the cal cul ated m ni num and nmaxi num Cvs in the
drawi ng' s val ve schedul e.
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Val ve bodi es shall be designed for 125 psig m ni num worki ng pressure or 150
percent of the operating pressure, whichever is greater. Valve stens shal
be Type 316 stainless steel. Valve |eakage ratings shall be 0.01 percent
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of rated Cv value. Cass 125 copper alloy val ve bodies and O ass 150 stee
or stainless steel valves shall neet the requirenents of ASME B16.5. Cast
iron val ve components shall neet the requirenents of ASTM A 126 C ass B or
C

2.3.2.2 Butterfly Val ves

Butterfly valves shall be the threaded |ug type suitable for dead-end
service and for nmodulation to the fully-closed position, with stainless
steel shafts supported by bearings, non-corrosive discs geonetrically
interlocked with or bolted to the shaft (no pins), and EPDM seats suitable
for tenperatures from mnus 29 degrees Cto plus 121 degrees C ninus 20
degrees F to plus 250 degrees F. Valves shall have a neans of manual
operation i ndependent of the actuator.

2.3.2.3 Two- Vy Val ves

Two-way nodul ati ng val ves shall have an equal percentage characteristic.
2.3.2.4 Thr ee- Wy Val ves

Three-way val ves shall have an equal percentage characteristic.
2.3.2.5 Val ves for Chilled Water, Condenser Water, and dycol Fluid Service

a. Bodi es for valves 40 mr 1 1/2 inches and snall er shall be brass or
bronze, with threaded or union ends. Bodies for valves from 50 to
80 mr 2 inches to 3 inches inclusive shall be of brass, bronze, or
iron. Bodies for 50 mm 2 inch val ves shall have threaded
connections. Bodies for valves from 65 to 80 mr 2 1/2 to 3 inches
shal | have flanged connecti ons.

b. Internal valve trimshall be brass or bronze, except that valve
stems shall be stainless steel

c. Unless indicated otherw se, provide nodul ati ng val ves sized for 2
psi minimumand 4 psi maxi numdi fferential across the valve at the
design flow rate.

d. Valves 100 mr 4 inches and |l arger shall be butterfly val ves,
unl ess i ndi cated ot herw se.

2.3.2.6 Valves for Hot Water Service
Val ves for hot water service below 121 degrees C 250 Degrees F

a. Bodies for valves 40 nm 1 1/2 inches and snmaller shall be brass or
bronze, with threaded or union ends. Bodies for valves from 50 to
80 mr 2 inches to 3 inches inclusive shall be of brass, bronze, or
i ron. Bodi es for 50 mr 2 inch val ves shall have threaded
connecti ons. Bodi es for valves from 65 to 80 mr 2 1/2 to 3 inches
shal | have flanged connecti ons.

b. Internal trim(including seats, seat rings, nodul ation plugs,
val ve stens, and springs) of valves controlling water above 99
degrees C 210 degrees F shall be Type 316 stainless steel

c. Internal trimfor valves controlling water 99 degrees C 210
degrees F or less shall be brass or bronze. Valve stens shall be
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Type 316 stainless steel

d. Non-netallic parts of hot water control valves shall be suitable
for a m nimum continuous operating tenperature of 121 degrees C or
28 degrees C 250 degrees F or 50 degrees F above the system design
tenperature, whichever is higher

e. Unless indicated otherw se, provide nodul ati ng val ves sized for 2
psi mnimum and 4 psi maxi rumdifferential across the valve at the
design flow rate.

f. Valves 100 mm 4 inches and larger shall be butterfly val ves,
unl ess indicated ot herwi se.

2.3.2.7 Val ves for Hi gh Tenperature Hot Water Service
Val ves for hot water service 121 degrees Cabove 250 Degrees F

a. Valve bodies shall conformto ASME B16.34 d ass 300. Valve and
actuat or conbi nation shall be normally closed. Bodies shall be
carbon steel, globe type with welded ends on valves 25 mm 1 inch
and larger. Valves snmaller than 25 nr 1 inch shall have
socket-wel d ends. Packing shall be virgin polytetrafl uoroethyl ene
(PTFE).

b. Internal valve trimshall be Type 316 stainl ess steel

c. Unless indicated otherw se, provide nodul ati ng val ves sized for 2
psi mnimum and 4 psi maxi rumdifferential across the valve at the
design flow rate.

.3.2.8 Val ves for Steam Service

The entire body for valves 40 nr 1 1/2 inches and snaller shall be brass or
bronze, with threaded or union ends. Bodies for valves from 50 to 80 mv 2
to 3 inches inclusive shall be of brass, bronze, or carbon steel. Bodies
for valves 100 mm 4 inches and | arger shall be carbon steel. Bodies for 50
m2 i nch val ves shall have threaded connections. Bodies for valves 65 mr 2
1/2 inches and | arger shall have flanged connections. Steam valves shal

be sized for [103 kPa (gage)] [15 psig] [__ ] inlet steampressure with a
maxi murr [90 kPa] [13 psi] [ ] differential through the valve at rated
fl ow, except where indicated otherwise. Internal valve trimshall be Type

316 stainless steel
.3.3 Actuators

Provide direct-drive electric actuators for all control applications,
except where indicated otherw se.
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NOTE: Show on drawi ngs the normal position of each
actuator wi thout power or control signal. Select
normal position considering power |oss, freezing,
noi st ure danage, and snmoke or fire transm ssion

I ndi cate power return actuators where necessary for
actuator timng and process requirenents. Indicate
spring return for actuators where normal position
but not tinmng, is inportant. Spring return closed
is often desirable for steamvalves and outside air
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Wienever possible provide electric actuators for
reduced mmi ntenance, quality control, and DDC
i ntegration. However, pneumatic actuators may be
preferabl e i n unusual circunstances |ike
expl osi on-proof areas. Existing pneumatic actuators
may al so have to renmamin in retrofits where costs

prevent actuator repI acenent .
R R R

2.3.3.1 El ectric Actuators

Each actuator shall deliver the torque required for continuous uniform
noti on and shall have internal end switches to linit the travel, or be
capabl e of withstandi ng continuous stalling without damage. Actuators
shal | function properly within 85 to 110 percent of rated line voltage.
Provi de actuators with hardened steel running shafts and gears of steel or
copper alloy. Fiber or reinforced nylon gears nmay be used for torques |ess
than 16 inch-pounds. Provide two-position actuators of single direction
spring return, or reversing type. Provide nodul ating actuators capabl e of
stopping at any point in the cycle, and starting in either direction from
any point. Actuators shall be equipped with a switch for reversing
direction, and a button to disengage the clutch to all ow manua

adj ustnents. Provide the actuator with a hand crank for manual

adj ustnents, as applicable. Thermal type actuators nmay only be used on
termnal fan coil units, termnal VAV units, convectors, and unit heaters
Spring return actuators shall be provided on all control danpers and all
control valves except ternminal fan coil units, termnal VAV units,
convectors, and unit heaters; unless indicated otherwi se. Each actuator
shal | have distinct markings indicating the full-open and full-cl osed
position, and the points in-between.

2.3.3.2 Pneumati ¢ Actuators
ER R IR I I I R R R R R I I R R R R I I R R R R I I I R R R R R I I R S I I I R O I I I S I R S I O
NOTE: Del ete this paragraph and the foll ow ng
subpar agraphs for pneunatic devices if not used.
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Provi de piston or di aphragmtype actuators
2.3.4 Qut put Si gnal Conversion
2.3.4.1 El ectroni c-to- Pneurmati ¢ Transducers

El ectronic to pneumatic transducers shall convert a 4 to 20 mA or 0 to 10
VDC digital controller output signal to a proportional 0 to 20 psig
pressure signal (operator scaleable). Accuracy and linearity shall be 1.0
percent or better. [ Transducers shall have feedback circuit that converts
the pneunmatic signal to a proportional 4 to 20 mA or O to 10 VDC signal.]

2.3.5 Qut put Swi t ches
2.3.5.1 Control Rel ays

Field installed and DDC panel relays shall be double pole, double throw, UL
listed, with contacts rated for the intended application, indicator |ight,
and dust proof enclosure. The indicator light shall be lit when the coi

is energi zed and off when coil is not energized. Relays shall be the
socket type, plug into a fixed base, and repl aceabl e without tools or
renoving wiring. Encapsulated "PAM type relays may be used for ternina
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control applications.

4 ELECTRI CAL POAER AND DI STRI BUTI ON
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NOTE: |In npbst cases, use Section 26 20 00 | NTERI OR
Dl STRI BUTI ON SYSTEM for specifying electrical power
and wiring. Delete redundant or ambi guous
paragraphs from this specification section upon
coordination with Section 26 20 00
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.4.1 Tr ansf ornmer s

Transformers shall conformto UL 506. For control power other than
term nal |evel equipnent, provide a fuse or circuit breaker on the
secondary side of each transforner.

4.2 Surge and Transient Protection

Provide each digital controller with surge and transi ent power protection.
Surge and transient protection shall consist of the foll owi ng devices,
installed externally to the controllers.

.4.2.1 Power Line Surge Protection

Provi de surge suppressors on the incom ng power at each controller or
grouped termnal controllers. Surge suppressors shall be rated in
accordance with UL 1449, have a fault indicating Iight, and conformto the
fol | owi ng:

a. The device shall be a transient voltage surge suppressor
hard-wi re type individual equi pnent protector for 120 VAC 1
phase/ 2 wire plus ground.

b. The device shall react within 5 nanoseconds and automatically
reset.

c. The voltage protection threshold, line to neutral, shall be no
nore than 211 volts

d. The device shall have an independent secondary stage equal to or
greater than the primary stage joule rating.

e. The primary suppression system conponents shall be pure silicon
aval anche di odes.

f. The secondary suppression system conponents shall be silicon
aval anche di odes or netal oxide varistors.

g. The device shall have an indication light to indicate the
protection conponents are functioning.

h. Al systemfunctions of the transi ent suppression systemshall be
i ndividually fused and not short circuit the AC power |ine at any
tinme.

i. The device shall have an EM/RFI noise filter with a m ni mum
attenuation of 13 dB at 10 kHz to 300 MHz.
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j. The device shall conply with | EEE C62.41.1 and | EEE C62.41. 2,
Cass "B" requirenents and be tested according to | EEE C62. 45.

k. The device shall be capabl e of operating between -20 degrees F and
+122 degrees F.

2.4.2.2 Tel ephone and Communi cation Line Surge Protection

Provi de surge and transient protection for DDC controllers and DDC network
rel ated devi ces connected to phone and network comuni cation lines, in
accordance with the foll ow ng:

a. The device shall provide continuous, non-interrupting protection,
and shall automatically reset after safely elimnating transient
surges.

b. The protection shall react within 5 nanoseconds using only
solid-state silicon aval anche technol ogy.

c. The device shall be installed at the distance reconmended by its
manuf act urer.

2.4.2.3 Control l er I nput/Qutput Protection

Provide controller inputs and outputs with surge protection via optica
isolation, nmetal oxide varistors (M), or silicon aval anche devi ces.
Fuses are not permtted for surge protection

2.4.3 Wring

Provide conplete electrical wiring for the DDC System including wiring to
transforner primaries. Unless indicated otherwi se, provide all normally
visible or otherwi se exposed wiring in conduit. Were conduit is required,
control circuit wiring shall not run in the sane conduit as power Wwiring
over 100 volts. [Circuits operating at nore than 100 volts shall be in
accordance with Section 26 20 00, I NTERI OR DI STRI BUTI ON SYSTEM ] Run al
circuits over 100 volts in conduit, metallic tubing, covered neta

raceways, or arnored cable. Use plenumrated cable for circuits under 100
volts in enclosed spaces. Exanples of these spaces include HVAC pl enuns,
within walls, above suspended ceilings, in attics, and wi thin ductwork.

2.4.3.1 Power Wring
The following requirements are for field-installed wring:

a. Wring for 24 V circuits shall be insulated copper 18 AWG ni ni mum
and rated for 300 VAC service.

b. Wring for 120 V circuits shall be insulated copper 14 AW ni ni mum
and rated for 600 VAC service.

2.4.3.2 Anal og Signal Wring

Fi el d-install ed anal og signal wiring shall be 18 AWG single or multiple
twisted pair. Each cable shall be 100 percent shiel ded and have a 20 AW
drain wire. Each wire shall have insulation rated for 300 VAC service
Cabl es shall have an overall al um num pol yester or tinned-copper

cabl e-shiel d tape.
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5 FI RE PROTECTI ON DEVI CES
51 Duct Snoke Detectors

Provi de duct snoke detectors in HVAC ducts in accordance with NFPA 72 and
NFPA 90A, except as indicated otherwise. Provide UL listed or FM approved
detectors, designed specifically for duct installation
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NOTE: Choose one of the three paragraphs bel ow. Use
the foll owi ng paragraph (and delete the other two)
if the project includes Section 28 31 74.00 20

| NTERI OR FI RE DETECTI ON AND ALARM SYSTEM
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[ Furni sh detectors under Section 28 31 74.00 20 | NTERI OR FI RE
DETECTI ON AND ALARM SYSTEM and install under this section
Connect new detectors to the building fire alarm panel.]
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NOTE: Use the foll ow ng paragraph (and delete the
other two) if the building has an existing fire

al arm system For connection to the existing
system the designer nust determine if the existing
fire alarmcontrol panel is conpatible with snoke
detectors and has spare zone capacity. Wen in
doubt, | eave the choice of a connection to the fire
al arm panel or a separate control unit in the
paragraph. For sone antiquated al arm systens, it
may be necessary to replace the control panel, then
Section 13852N, "Interior Fire Alarm Systent nust be
included in the project, and the previous paragraph
woul d be used.
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[Provide [ionization] [or] [photoelectric] type detectors. Detectors
shal | detect both visible and invisible particles of combustion,
and shall not be susceptible to undesired operation by changes to
relative humdity. Provide each detector with an approved duct
housi ng nmounted exterior to the duct, and an integral perforated
sanpli ng tube extendi ng across the width of the duct. The
detector housing shall have indicator |anps that |ight when the
detector is powered and when the detector is activated. Each
detector shall have an integral test port [, test switch] [and]
[or] [, renpte keyed test device]. Connect new detectors to the
building's [new] [existing] fire alarmcontrol panel. Provide
control and power nodul es required for the operation of the
detectors [in their own new control unit] [or] [integral with the
existing fire alarmpanel]. A ground fault, break, or open
condition in the electrical circuitry to any detector or its
control or power unit shall cause activation of a trouble signa
at the building fire alarmpanel. Electrical supervision of
Wi ring used exclusively for air-handling unit shutdown is not
required, provided a break in the wiring would cause shutdown of
the associated unit. Equi pnent and devices shall be conpatible
and operable in all respects with, and shall in no way inpair the
reliability or operational functions of, the [new] [existing] fire
alarm system [The building's existing fire alarmcontrol pane
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was manufactured by | 1.1 Provide descriptive zone |abel s at
the [new] [existing] fire alarm panel indicating which new
air-handling unit detectors they serve and their location. Labe
zones nodified in order to acconplish the work.]
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NOTE: Use the paragraph below only with specific
approval from NAVFAC Fire Protection Engi neering.
Approval is normally granted only if the building
has no fire alarm system and none is required. Wen
in doubt, contact the regional Fire Protection

Engi neer.
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[Provide [ionization] [or] [photoelectric] type detectors. Detectors
shal | detect both visible and invisible particles of conbustion,
and shall not be susceptible to undesired operation by changes to
relative hunmidity. Provide each detector with an approved duct
housi ng mounted exterior to the duct, and an integral perforated
sanpling tube extending across the width of the duct. The
det ect or housing shall have indicator |anps that |ight when the
detector is powered and when the detector is activated. Each
detector shall have an integral test port [, test switch] [and]
[or] [, renpote keyed test device]. Provide a 115 VAC power supply
unit integral with the detector's duct housing. Provide power to
the detector from|[the air-handling unit or air-handling unit
controls] [the location indicated]. [Provide the detectors with a
renote alarmindicator [and keyed test] device at | ] [the
| ocation indicated].] [Provide each detector with a mininum 152 nm
6 inch dianmeter renote alarmbell located [as directed][as
indicated] in a normally occupied area.] Activation of a detector
shal | cause i medi ate shutdown of the associated air-handling unit
[and the closing of its danpers][and shall activate the renpte
alarmindicator][and shall sound the renbte alarmbell]. [Provide
the renote alarmbell with a pernanent |abel indicating its
associated air-handling unit and air-handling unit location.]]

[ Provi de snoke control systens with a provision for nanual operation
by means of a key-operated switch to override the duct snoke
detector shutdowns. Locate the override switch [adjacent to the
building's fire alarmsystem control panel][as indicated].]

2.6 | NDI CATORS
2.6.1 Ther nonet er s

Provide bi-nmetal type thernoneters at |ocations shown. Thernoneters shal
have either 9 inch long scales or 3.5 inch dianmeter dials, with insertion
i mersion, or averaging elenents. Provide matching thernmowells for

pi pe-mounted installations. Select scale ranges suitable for the intended
service, with the normal operating tenperature near the scale's m dpoint.
The thernmoneter's accuracy shall be plus or minus 2 percent of the scale
range.

2.6.2 Pressure Gauges for Piping Systens
Provi de pi pe-nounted pressure gauges at the |ocations shown. Gauges shal

conformto ASME B40. 100 and have a 4-inch dianeter dial and shutoff cock
Provi de gauges in steampiping with a pressure snubber pigtail fitting.
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Sel ect scal e ranges suitable for the intended service, with the nornal
operating pressure near the scale's midpoint. The gauge's accuracy shal
be plus or mnus 2 percent of the scal e range.

6.3 Pressure Gauges for Pneumatic Controls
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NOTE: Del ete the foll ow ng paragraph if pneumatic
controls are not used.
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Provi de a pressure gauge at each pneunmatic control input and out put.
Gauges shall have a 2-inch dianeter face and a 0 to 30 psi scale with 1 psi
graduati ons.

.7 PNEUVATI C PONER SUPPLY AND TUBI NG
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NOTE: Delete this paragraph and the foll ow ng
subparagraphs if there are no new pneunatic
conpressors or control tubing work; otherw se edit
accordi ngly.
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7.1 Air Conpressors
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NOTE: Indicate new conpressed air station |ocations
on the drawi ngs. Locate conpressors away from qui et
occupi ed spaces. Munt conpressors on concrete
housekeepi ng pads adjacent to a wall and nount
dryers on the wall. Provide neans of draining the
conpressed air tank. Provide duplex air conpressors
for systens having nore than 50 control air devices,
or requiring nore than 1.5 CFM of air. Size dupl ex
air conpressors for 50 percent run tinme, and size
single air conpressors for 33 percent run tinmne.

Show power sources for conpressors and dryers.

Rk Rk bk R R IR Rk I kS S S S R R R Rk kb S R R Rk kS I S b S I R o

Air conpressors for pneunatic control systens shall be the tank-nounted,
electric notor driven, air cooled, reciprocating type with integral [duplex
notors and conpressors][single notor and conpressor], tank, controller
[alternator switch, ]pressure switch, belt guard[s], pressure relief valve
and automatic noisture drain valve. Conpressor piston speeds shall not
exceed 450 fpm Provide conpressors with a dry-type conbination intake air
filter and silencer with baked enanel steel housing. The filter shall be
99 percent efficient at 10 microns. The pressure switch shall start the
conpressor[s] at 70 psig and stop the conpressor[s] at 90 psig. The relief
val ve shall be set for 10 to 25 psig above the control switch cut-off
pressure. Provide compressor capacity suitable for not nore than a [33]
[50] percent run tinme, at full systemcontrol |oad. Conpressors shall have
a maintaining type starter, and shall automatically restart after a power
outage. Mdtors 0.5 hp and | arger shall be three-phase.

.7.1.1 Conpressed Air Tank

Provide a steel tank constructed and | abeled in agreenent with ASVE BPVC
for 125 psig maxi mum worki ng pressure. Size the tank for the conpressor
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run time specified above. Provide drain valve and piping routing the
drainage to a floor sink or other safe and visible drainage | ocation.

.T7.2 Refrigerated Air Dryers

Provi de each air conpressor tank with a refrigerant air dryer sized for
conti nuous operation, and capable of reducing the conpressed air dew point
tenperature, at 20 psig output pressure, to 30 degrees F, at an average
tank pressure of 80 psig and an anbient air tenperature between 55 and 95
degrees F. Provide each dryer with an automatic condensate drain trap with
manual override feature. Provide the dryer suction line with a refrigerant
pressure gauge. Locate each dryer in the air piping between the tank and
the pressure-reducing station

. 7.3 Conpressed Air Discharge Filters

Provide air conpressors with a dry type discharge filter, 99 percent
efficient at renmpving oil and solid particles at 0.03 nicrons, wth baked
enanel steel housing and nmanual drain valve. Provide visual indicator to
show when the filter el enent shoul d be changed.

.7.4 Ar Pressure-Reducing Stations

Provide air conpressors with a pressure-reducing valve (PRV) with a field
adj ustabl e range of 0 to 50 psig discharge pressure, at an inlet pressure
of 70 to 90 psig. Provide a factory-set pressure relief valve downstream
of the PRV to relieve over-pressure. Provide a pressure gage upstream of
the PRV with range of 0 to 100 psig and downstream of the PRV with range of
0 to 30 psig. For two-pressure control systens, provide an additional PRV
and downstream pressure gage

.7.5 In-line Filters

Provide a disposable type in-line filter in the incom ng pneunmatic main at
each pneunatic control panel. The filter shall be capable of elimnating
99.99 percent of all liquid or solid contanminants 0.1 micron or |arger
Provide the filter with fittings that allow easy renoval /repl acenent.

7.6 Pneurmati ¢ Tubi ng
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NOTE: Snoke renoval and other critical systens

requi re non-conbusti bl e tubi ng.
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.7.6.1 Copper Tubi ng

Provide ASTM B 75 or ASTM B 88N ASTM B 88 rated tubing. Tubing 0.64 mm
0.375 inch outside dianeter and | arger shall have mninumwall thickness
equal to ASTM B 88N ASTM B 88, Type M  Tubing |less than 10 m0. 375 i nch
out si de dianmeter shall have mnimumwall thickness of 0.64 mM@0. 025 inch.
Exposed tubing and tubing for working pressures greater than 30 psig shal
be hard copper. Fittings shall be ASME B16. 18 or ASME B16.22 sol der type
using ASTM B 32 95-5 tin-antinony solder, or ASME B16. 26 conpression type.

.7.6.2 Pol yet hyl ene Tubi ng

Pol yet hyl ene tubing may only be used in systens with working pressure of 30
psig or less. Provide flame-resistant, multiple polyethylene tubing in
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flame-resistant protective sheath with nylar barrier, or unsheathed

pol yethyl ene tubing in rigid metal, internediate netal, or electrica
metallic tubing conduit for areas where tubing is exposed. Single,

unsheat hed, fl ane-resistant pol yethyl ene tubing may be used where conceal ed
in walls or above ceilings and within control panels. Do not provide

pol yet hyl ene tubing for [systens indicated as critical and] snoke renoval
systems. Provide conpression or brass barbed push-on type fittings.
Extruded seam ess pol yet hyl ene tubing shall conformto the foll ow ng:

a. Mninmum Burst Pressure Requirenents: 100 psi g690 kPA at 75 degrees
F24 degrees C to 25 psigl72 kPa at 150 degrees F66 degrees C.

b. Stress Crack Resistance: ASTM D 1693, 200 hours i ni num
c. Tensile Strength (Mnimum: ASTM D 638, 7583 kPall00 psi
d. Flow Rate (Average): ASTM D 1238, 0.30 decigram per mnute
e. Density (Average): ASTM D 792, 920 kg/nB57.5 pounds per cubic feet.
f. Burn rate: ASTM D 635

8 VARI ABLE FREQUENCY ( MOTOR) DRI VES
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NOTE: Delete the follow ng section if variable
frequency notor drives are not used, or are provided
under anot her section
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Provi de vari abl e frequency drives (VFDs) as indicated. VFDs shall convert
240 or 460 volt (+/- 10%, three phase, 60 hertz (+/- 2Hz), utility grade
power to adjustable voltage/frequency, three phase, AC power for stepless
notor control from5%to 105% of base speed. VFDs shall be UL listed as
delivered to the end user. The VFD shall neet the requirenents specified
in the nost current National Electrical Code. Each VFD shall also neet the
fol |l owi ng:

a. The VFD shall use sine coded Pul se Wdth Mdul ati on (PW)
technol ogy. PWM cal cul ati ons shall be perforned by the VFD
m cr oprocessor

b. The VFD shall be capable of autonatic control by a renote 4-20 nA
[0 to 10 VDC] signal, by network comand, or manually by the VFD
control panel

8.1 VFD Qual ity Assurance

VFDs shall be the manufacturer's current standard production unit with at
| east 10 identical units successfully operating in the field.

8.2 VFD Servi ce Support

a. Warranty: Provide the VFDs with a mininum 24-nonth full parts and
| abor warranty. The warranty shall start when the contract's HVAC
systemis accepted by the Government. |nclude warranty
docunent ati on, dates, and contact information with the VFD on-site
servi ce manual s.
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b. VFD Service Manuals: Provide the VFDs with all necessary
installation, operation, maintenance, troubleshooting, service,
and repair manuals in English including related factory technica
bulletins. Provide the docunents factory bound, in sturdy 3-ring
bi nders, or hard bound covers. Provide a title sheet on the
out si de of each binder indicating the project title, project
| ocation, installing contractor, contract nunber, and the VFD
manuf acturer, address, and tel ephone nunber. Each bi nder shal
include a table of contents and tabbed dividers, with all materia
neatly organi zed. The docunentation provided shall be
specifically applicable to this project, shall be annotated to
reflect the actual project conditions, and shall provide a
conpl ete and conci se depiction of the installed work.[ Provide a
storage cabinet on or near the VFD | arge enough to hold all of the
docunentati on. Have the cabinet's proposed installation site
approved in advance by the Contracting Oficer. Promnently |abe
t he cabinet "VFD OPERATI ON AND MAI NTENANCE MANUALS." dearly
| abel each manual with the wordi ng "NMECHANI CAL ROOM COPY - DO NOT
REMOVE" . |

c. Technical Support: Provide the VFDs with nanufacturer's technica
t el ephone support in English, readily available during nornma
wor ki ng hours, and free of charge for the Iife of the equipnent.

d. Initial Start-Up: Provide the VFDs with factory-trained personne
for the on-site start-up of the HVAC equi pnent and associ at ed
VFD. The personnel shall be conpetent in the conplete start-up
operation, and repair of the particular nodel VFD installed. The
factory start-up representative shall performthe factory's
conpl ete recommended start-up procedures and check-out tests on
the VFD. Include a copy of the start-up test docunentation with
the VFD on-site service nanual s.

e. Provide the VFDs with on-site/ hands-on training for the user and
mai nt enance personnel. Provide a capable and qualified instructor
with mnimumtwo years field experience with the operation and
mai nt enance of simlar VFDs. The training shall occur during
normal worki ng hours and | ast not less than 2 hours. Coordinate
the training time with the Contracting O ficer and the end user
The VFD service manual s shall be used during the training. The
contractor shall ensure the manuals are on-site before the start
of training. The training shall cover all operational aspects of
t he VFD.

2.8.3 VFD Feat ures
VFDs shall have the follow ng features:

a. A local operator control keypad capabl e of:

(1) Renote/lLocal operator selection with password access.
(2) Run/Stop and nanual speed conmmands.

(3) Al progranmm ng functions.

(4) Scrolling through all display functions.

b. Digital display capable of indicating:
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(1) VFD status.

(2) Frequency.

(3) Mdtor RPM

(4) Phase current.

(5) Fault diagnostics in descriptive text.
(6) Al programmed paraneters.

c. Standard Pl loop controller with input ternminal for controlled
vari abl e and paraneter settings.

d. User interface termnals for renote control of VFD speed, speed
feedback, and an isolated form C SPDT relay, which energizes on a
drive fault condition.

e. An isolated form C SPDT auxiliary relay which energizes on a run
command.

f. A nmetal NEMA 1 enclosure for indoors, NEMA 4 with heater for
out doors.

g. An adjustable carrier frequency with 16 KHz m ni mum upper limt.

h. Abuilt in or external line reactor with 3% m ni num i npedance to
protect the VFDs DC buss capacitors and rectifier section diodes.

2.8.4 Pr ogrammabl e Par anet ers
VFDs shall include the foll ow ng operator progranmabl e paraneters:

a. Upper and lower Iimt frequency.
b. Acceleration and Deceleration rate.
c. Variable torque volts per Hertz curve.
d. Starting voltage |evel.
e. Starting frequency |evel.
f. D splay speed scaling.
g. Enable/disable auto-restart feature.
h. Enabl e/ di sabl e soft stall feature.
i. Motor overload |evel.
j. Mtor stall |evel.
k. Junp frequency and hysteresis band.

. PWMcarrier frequency.
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2.8.5

Protective Features

VFDs shall have the follow ng protective features:

a.

An el ectronic adjustable inverse tine current linit with
consideration for additional heating of the notor at frequencies
bel ow 45Hz, for the protection of the notor.

An el ectroni c adjustable soft stall feature, allowing the VFD to

| ower the frequency to a point where the notor will not exceed the
full-1oad anperage when an overload condition exists at the
requested frequency. The VFD will autonatically return to the
requested frequency when | oad conditions pernit.

A separate electronic stall at 110% VFD rated current, and a
separate hardware trip at 190% current.

Ground fault protection that protects the output cables and notor
from grounds during both starting and conti nuous running

condi tions.

The ability to restart after the followi ng faults:

(1) Overcurrent (drive or notor).

(2) Power outage.

(3) Phase |oss.

(4) Over voltage/ Under voltage.

The ability shut down if inadvertently started into a rotating
| oad wi t hout danmagi ng the VFD or the notor.

The ability to keep a log of a mninumof four previous fault
conditions, indicating the fault type and time of occurrence in
descriptive text.

The ability to sustain 110% rated current for 60 sec.

The ability to shutdown safely or protect against and record the
followi ng fault conditions:

(1) Over current (and an indication if the over current was
during accel eration, deceleration, or running).

(2) Over current internal to the drive.
(3) Mdtor overload at start-up.

(4) Over voltage fromutility power.
(5) Motor running overl oad.

(6) Over voltage during decel eration.
(7) VFD over heat.

(8) Load end ground fault.
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2.8.6

(9) Abnornmal paraneters or data in VFD EEPROM

M ni mum Oper ati ng Condi tions

VFDs shal|l be designed and constructed to operate within the foll ow ng
service conditions:

2.8.7

a. Anbient Tenperature Range, 0 to 120 deg. F.

b. Non-condensing relative humdity to 90%

Addi ti onal Features

Provide VFDs with the follow ng additional features:

PART 3

[a. BACnet comunication interface port]

[b. RFI/EM filters]

[c. Manual bypass circuit and switch integral [external] to the
drive to allow drive bypass and operation at 100% speed. Mbtor

overload and short circuit protective features shall remain in use
during the bypass node. ]

[d. One spare VFD of each nodel provided, fully progranmed and
ready for back-up operati on when connected.]

EXECUTI ON

3.1 | NSTALLATI ON

Performthe installation under the supervision of conpetent technicians
regularly enployed in the installation of DDC systens.

EE R I R R R R I R I R R R R I R I R R I R I R R I R R R R R I R

NOTE: Provide or coordinate a |list of standardized
nanes, BACnet project nunbers, device and network
addresses, and priority level assignnments with the

Contractor and BAS Owner early in the project. |If
no list exists, develop one prior to contract
awar d.
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3.1.1

BACnet Nami ng and Addressing

Coordi nate with the BAS Ower and provi de uni que nam ng and addressing for

BACnet

a.

net wor ks and devi ces.

MAC Address
Every BACnet device shall have an assigned and docunented MAC
Address unique to its network. For Ethernet networks, docunent

the MAC Address assigned at its creation. For ARCNET or Ms/ TP,
assign fromO0O to 64.

Net wor k Nunberi ng

Assi gn uni que nunbers to each new network installed on the BACnet
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internetwork. Provide ability for changing the network numnber
ei ther by device switches, network computer, or field operator
interface. The BACnet internetwork (all possible connected
networ ks) can contain up to 65,534 possible uni que networks.

Devi ce Object ldentifier Property Nunmber

Assi gn uni que Device "bject_ldentifier" property nunbers or
devi ce instances for each device on the BACnet internetwork.
Provide for future nodification of the device instance nunber;
ei ther by device switches, network computer, or field interface.
BACnet allows up to 4,194, 302 possi bl e uni que devices per

i nt er net wor k.

Devi ce (bject Nane Property Text
The Device Object Nane property field shall support 32 m ni nmum
printable characters. Assign unique Device "(bject_ Nane" property
names with plain-English descriptive names for each device
For exanple, the Device Object Nane that for the device
controlling the chiller plant at Building 3408 woul d be:

Devi ce Obj ect _Name = CW Syst em B3408
A Device (bject Nane for a VAV box controller night be:

Devi ce Obj ect _Name = VAV BOX25

bj ect Nane Property Text (Qther than Device Objects)
The Object Nane property field shall support 32 minimum printable
characters. Assign Object Nanme properties with plain-English
nanes descriptive of the application. Exanples include "Zone 1
Tenperature" and "Fan Start/ Stop".
oj ect ldentifier Property Nunmber (O her than Device Objects)

Assign Cbject ldentifier property numbers according to design

drawi ngs or tables if provided. |If not provided, Object
Identifier property nunbers may be assigned at the Contractor's
di scretion but nust be approved by the Government. |In this case

t hey must be docunmented and unique for |ike object types within
t he devi ce

M ni mum BACnet Obj ect Requirenents

Use of Standard BACnet Objects

For the follow ng points and paraneters, use standard BACnet
objects, where all relevant object properties can be read using
BACnet's Read Property Service, and all relevant object properties
can be nodified using BACnet's Wite Property Service:

al | device physical inputs and outputs, all set points, all PID
tuning paraneters, all calcul ated pressures, flow rates, and
consunption values, all alarnms, all trends, all schedules, and al
equi prent and lighting circuit operating status.

BACnet (bj ect Description Property
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The Cbject Description property shall support 32 mininum printable
characters. For each object, conplete the description property
field using a brief, narrative, plain English description specific
to the object and project application. For exanple: "HWPunp 1
Proof." Docunent conpliance, length restrictions, and whether the
description is witeable in the device PICS

Anal og | nput, Qutput, and Value Objects

Support and provide Description and/or Device Type text strings
mat chi ng signal type and engi neering units shown on the points
list.

Bi nary | nput, Qutput, and Value Objects

Support and provide Inactive Text and Active_Text property
descriptions nmatching conditions shown on the points list.

Cal endar bj ect

For devices with scheduling capability, provide at |east one

Cal endar Object with ten-entry capacity. Al operators nmay vi ew
Cal endar Obj ects; authorized operators may nmake nodi fications from
a workstation. Enable the witeable Date List property and
support all calendar entry data types.

Schedul e bj ect

Use Schedule Objects for all building systemscheduling. Al
operators may view schedule entries; authorized operators my
nodi fy schedul es froma workstation

Loop Object or Equa

Use Loop Objects or equival ent BACnet objects in each applicable
field device for PID control. Regardless of program nethod or

obj ect used, allow authorized operators to adjust the Update
Interval, Setpoint, Proportional Constant, |Integral Constant, and
Derivative Constant using BACnet read/wite services.

M ni mum BACnet Servi ce Requirenents

Command Priorities

Use commandabl e BACnet objects to control machi nery and systens,
providing the priority levels listed below. |f the sequence of
operation requires a different priority, obtain approval fromthe
Contracting Oficer.

Priority Level Application

Manual - Li fe Safety
Automatic-Life Safety
(User Defined)

(User Defined)

Critical Equipnent Control
M ni mum On/ O f

(User Defined)

Manual Oper at or

(User Defined)

©CoOoO~NOU~WNE
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10 (User Defined)

11 Load Sheddi ng

12 (User Defined)

13 (User Defined)

14 (User Defined)

15 (User Defined)

16 (User Defined)
b. Al armng

(1) AlarmPriorities - Coordinate alarmand event notification
with the BAS Owmner.

(2) Notification dass - Enable witeable Priority, Ack
Requi red, and Recipient List properties of Notification O ass
obj ect s.

(3) Event Notification Message Texts - Use condition specific
narrative text and nunerical references for alarm and event
notification.

c. Updating Displayed Property Val ues

Al'l ow workstations to display property values at discrete polled
intervals, or based on receipt of confirmed and unconfirmed Change
of Value notifications. The COV increnent shall be adjustable by
an operator using BACnet services, and polled intervals shall be
adj ustabl e at the operator workstation

1.4 Local Area Networks

ot ai n Gover nment approval before connecting new networks wth existing
net wor ks. Network nunbers and devi ce instance nunbers shall remain unique
when joining networks. Do not change existing network addressing w thout
CGovernment approval. See al so "BACnet Nani ng and Addressi ng"

.1.5 BACnet Routers, Bridges, and Switches

Provide the quantity of BACnet routers, bridges, and switches necessary for
communi cati ons shown on the BACnet Communi cation Architecture schenmatic.
Provi de BACnet routers with BACnet Broadcast Message Devi ce (BBMD)
capability on each BACnet internetwork communicating across an | P network.
Confi gure each BACnet device and bridge, router, or switch to conmunicate
on its network segment.

1.6 Wring Criteria

a. Run circuits operating at nore than 100 volts in rigid or flexible
conduit, netallic tubing, covered netal raceways, or arnored cable.

b. Do not run binary control circuit wiring in the same conduit as
power wiring over 100 volts. \Where analog signal wiring requires
conduit, do not run in the sane conduit with AC power circuits or
control circuits operating at nore than 100 volts.

c. Provide circuit and wiring protection required by NFPA 70.

d. Run all wiring |located inside nechanical roons in conduit.

SECTION 23 09 23.13 20 Page 54



3.

3.

3.

3.

e. Do not bury alum num sheathed cable or al um numconduit in
concrete.

f. Input/output identification: Permanently |abel each

field-installed wire, cable, and pneumatic tube at each end with
descriptive text using a comercial wire marking systemthat fully
encircles the wire, cable, or tube. Locate the markers within 2

i nches of each term nation. Match the nanes and |/ O nunber

to the

project's point list. Simlarly label all power wiring serving

control devices, including the word "power"” in the | abel

Nurber

each pneumatic tube every six feet. Label all terminal blocks
wi th al pha/nuneric labels. Al wiring and the wiring nmethods

shall be in accordance with UL 508A.

g. For controller power, provide new 120 VAC circuits, wi th ground.
Provide each circuit with a dedicated breaker, and run wiring in
its own conduit, separate fromany control wiring. Connect the
controller's ground wire to the electrical panel ground; conduit

grounds are not acceptable.

h. Surge Protection: |Install surge protection according to

manufacturer's instructions. Miltiple controllers fed froma
conmon power supply nay be protected by a common surge protector

properly sized for the total connected devi ces.

i. Gounding: Gound controllers and cabinets to a good earth ground
as specified in Section 26 20 00 | NTERI OR DI STRI BUTI ON SYSTEM
Conduit grounding is not acceptable; all grounding shall have a
direct path to the building earth ground. G ound sensor drain

wire shields at the controller end.

j. The Contractor shall be responsible for correcting all associated

ground | oop probl ens.

k. Run wiring in panel enclosures in covered wire track
1.7 Accessibility
Install all equipment so that parts requiring periodic inspection,
operation, maintenance, and repair are readily accessible. Instal
controllers, data ports, and conceal ed actuators, valves, danpers
equi pnent in locations freely accessible through access doors.
1.8 Digital Controllers

a. Install as stand alone control devices (see definitions).

digital
and |ike

b. Locate control cabinets at the |ocations shown on the draw ngs.
If not shown on the drawi ngs, install in the nbst accessible

space, close to the controlled equi prent.
1.9 Hand- O f - Auto Swi t ches

Wre safety controls such as snoke detectors and freeze protection

thernostats to protect the equi pnent during both hand and auto operation

1.10 Tenperature Sensors

Install tenperature sensors in |locations that are accessible and provide a
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good representation of sensed nedia. Installations in dead spaces are not
acceptable. Calibrate sensors according to manufacturer's instructions.
Do not use sensors designed for one application in a different application

.1.10.1 Room Tenper at ure Sensors

Mount the sensors on interior walls to sense the average roomtenperature
at the locations indicated. Avoid |ocations near heat sources such as copy
machi nes or locations by supply air outlet drafts. Munt the center of the
sensor [5 feet above the finished floor][54 inches above the floor to neet
ADA requirenents][at the height[s] indicated].

.1.10.2 Duct Tenperature Sensors

a. Probe Type: Provide a gasket between the sensor housing and the
duct wall. Seal the duct penetration air tight. Seal the duct
i nsul ation penetration vapor tight.

b. Averaging Type (and coil freeze protection thernostats): Wave
the capillary tube sensing elenent in a serpentine fashion
perpendi cular to the flow, across the duct or air handl er
cross-section, using durable non-netal supports. Prevent contact
between the capillary and the duct or air handler internals.
Provi de a duct access door at the sensor location. The access
door shall be hinged on the side, factory insulated, have camtype
| ocks, and be as large as the duct will permt, maxi num 18 x 18
i nches. For sensors inside air handlers, the sensors shall be
fully accessible through the air handler's access doors wi thout
renovi ng any of the air handler's internals.

.1.10.3 | mrer si on Tenperature Sensors

Provide thermowel | s for sensors measuring piping, tank, or pressure vessel
tenmperatures. Locate wells to sense continuous flow conditions. Do not
install wells using extension couplings. Were piping dianeters are
smal l er than the length of the wells, provide wells in piping at el bows to
sense flow across entire area of well. Wells shall not restrict flow area
to less than 70 percent of pipe area. |Increase piping size as required to
avoid restriction. Provide thermal conductivity material within the well
to fully coat the inserted sensor

.1.10.4 Qutside Air Tenperature Sensors
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NOTE: Show the QA tenperature sensor on the north
side of the building on the draw ngs.
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Provi de outside air tenperature sensors in weatherproof enclosures on the
north side of the building, away from exhaust hoods and other areas that
may affect the reading. Provide a shield to shade the sensor fromdirect
sunlight.

.1.11 Energy Meters

Locate energy nmeters as indicated. Connect each neter output to the DDC
system to neasure both instantaneous and accumnul at ed energy usage.
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3.1.12 Danper Actuators
Where possi bl e, nount actuators outside the air streamin accessible areas.
3.1.13 Ther nonet ers and Gages

Mount devices to all ow reading while standing on the floor or ground, as
appl i cabl e.

3.1.14 Pressure Sensors
Locate pressure sensors as indicated.
[3.1.15 Pneurmati ¢ Tubi ng

Run tubing concealed in finished areas, run tubing exposed in unfinished
areas |i ke nechanical roons. For tubing enclosed in concrete, provide
rigid metal conduit. Run tubing parallel and perpendicular to building
walls. Use 5 foot naxi mum spaci ng between tubing supports. Wth the
compressor turned off, test each tubing system pneumatically at 1.5 tines
the working pressure and prove it air tight, locating and correcting | eaks
as applicable. Caulking joints is not permtted. Do not run tubing and
el ectrical power conductors in the sane conduit.]

3.1.16 Conponent |dentification Labeling

Using an el ectronic hand-held | abel nmaker with white tape and bol d bl ack
bl ock lettering, provide an identification |abel on the exterior of each
new control panel, control device, actuator, and sensor. Also provide

| abel s on the exterior of each new control actuator indicating the (full)
open and (full) closed positions. For |abels |ocated outdoors, use
exterior grade |abel tape, and provide |abels on both the inside and
out si de of the panel door or device cover. Acceptable alternatives are
white plastic |abels with engraved bol d black block lettering permanently
attached to the control panel, control device, actuator, and sensor. Have
the | abel s and wordi ng approved by the BAS Omer prior to installation

3.1.17 Net wor k and Tel ephone Communi cati on Lines

When tel ephone lines or network connections by the Governnent are required,
provide the Contracting Officer at |east 60 days advance notice of need.

3.2 TEST AND BALANCE SUPPCORT
The controls contractor shall coordinate with and provi de on-site support
to the test and bal ance (TAB) personnel [specified under Section 23 05 93
TESTI NG, ADJUSTI NG AND BALANCI NG ] This support shall include:

a. On-site operation and nani pul ati on of control systenms during the
testing and bal anci ng.

b. Control setpoint adjustnments for balancing all relevant nmechanica
systens, including VAV boxes.

c. Tuning control loops with setpoints and adjustnments determ ned by
TAB per sonnel
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3 CONTRCLS SYSTEM OPERATORS MANUALS

Provide two [three] [four] electronic and printed copies of a Controls
System Operators Manual. The manual shall be specific to the project,
witten to actual project conditions, and provide a conpl ete and conci se
depiction of the installed work. Provide information in detail to clearly
explain all operation requirements for the control system

Provide with each nmanual: CDs of the project's control system draw ngs,
control prograns, data bases, graphics, and all itens |isted bel ow

I ncl ude gateway back-up data and configurati on tools where applicable.
Provide CDs in jewel case with printed and dated project-specific | abels on
both the CD and the case. For text and draw ngs, use Adobe Acrobat or MS
Ofice file types. Wen approved by the Government, AutoCAD and Visio
files are allowed. G ve files descriptive English nanes and organi ze in
fol ders

Provide printed manuals in sturdy 3-ring binders with a title sheet on the
out si de of each binder indicating the project title, project |ocation
contract nunber, and the controls contractor nanme, address, and tel ephone
nunber. Each binder shall include a table of contents and tabbed dividers,
with all material neatly organi zed. Mnuals shall include the foll ow ng:

a. A copy of the as-built control system (shop) draw ngs set, with
all itens specified under the paragraph "Submittals." |ndicate
all field changes and nodifications.

b. A copy of the project's nechanical design draw ngs, including any
official nodifications and revisions.

c. A copy of the project's approved Product Data submittals provided
under the paragraph "Submittals."

d. A copy of the project's approved Performance Verification Testing
Pl an and Report.

e. A copy of the project's approved final TAB Report.

f. Printouts of all control system prograns, including controller
setup pages if used. |Include plain-English narratives of
application prograns, flowcharts, and source code.

g. Printouts of all physical input and output object properties,
i ncluding tuning values, alarmlimts, calibration factors, and
set points.

h. Atable entitled "AC Power Table" listing the electrical power
source for each controller. |Include the building electrical pane
nunber, panel location, and circuit breaker nunber

i. The DDC manufacturer's hardware and software nmanuals in both print
and CD format with printed project-specific labels. |nclude
installation and technical manuals for all controller hardware,
operator nanuals for all controllers, progranm ng manuals for al
controllers, operator nmanuals for all workstation software,
installation and technical manuals for the workstation and
not ebook, and progranm ng manual s for the workstati on and not ebook
sof tware
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j. Alist of qualified control system service organizations for the
wor k provided under this contract. Include their addresses and
t el ephone nunbers.

k. Awitten statenent entitled "Technical Support" stating the
control system nmanufacturer or authorized representative wll
provide toll-free tel ephone technical support at no additiona
cost to the Government for a mininumof two years from project
acceptance, will be furnished by experienced service technicians,
and wi |l be available during normal weekday worki ng hours.
Include the toll-free technical support tel ephone nunber.

. Awitten statenment entitled "Software Upgrades" stating software
and firmvare patches and updates will be provided upon request at
no additional cost to the Government for a mnimum of two years
fromcontract acceptance. Include a table of all DDC system
software and firmware provi ded under this contract, listing the
original release dates, version nunbers, part nunbers, and seria
numbers.

[3.3.1 St orage Cabi nets

In each project nechanical room provide a wall-nounted netal storage
cabinet with hinged doors. 1In addition to the nunber of nanuals specified
above, provide an additional copy of the nmanuals in each of these
mechani cal room storage cabinets. Provide cabinets |arge enough to hold
the entire set of Controls System Operators Manuals, and the HVAC operation
and mai ntenance manual s [ provi ded under Division 15 MECHANI CAL.] Locate
cabi nets adjacent to DDC control panels where applicable. Have each
cabinet's proposed installation site approved in advance by the Contracting
O ficer and the BAS Omer. Promnently |abel each cabinet with the wording
" OPERATI ON AND MAI NTENANCE MANUALS." Prom nently | abel each binder wth

t he wordi ng "MECHANI CAL ROOM CORPY - DO NOT REMOVE. "]

3.4 PERFORMANCE VERI FI CATI ON TESTI NG ( PVT)
3.4.1 CGener a

The PVT shall denonstrate compliance of the control systemwork with the
contract requirenments. The PVT shall be perforned by the Contractor and
wi t nessed and approved by the Governnent. |f the project is phased,
provi de separate testing for each phase. A Pre-PVT neeting to review the
Pre-PVT Checklist is required to coordinate all aspects of the PVT and
shall include the Contractor's QA representative, the Contractor's PVT
adm ni strator, the Contracting Oficer's representative,[ and the BAS
Owner].

3.4.2 Performance Verification Testing Plan

Rk Ik kb Sk R IR Rk kS e S S b R AR Ik R R R Rk O R I R R R

NOTE: |If possible, give the Contractor early
gui dance and exanples for creation and content of
PVT procedures and reporting forns.

EE R R I I R I I R I R R R I R I R I R I R R R I R I R R I R I R I R

Submit a detailed PVT Plan of the proposed testing for Governnent

approval. Develop the PVT Plan specifically for the control systemin this
contract. The PVT Plan shall be an clear list of test itens arranged in a
| ogi cal sequence. Include the intended test procedure, the expected
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response, and the pass/fail criteria for every conponent tested.

The plan shall clearly describe how each itemis tested, indicate where

assi sting personnel are required (like the nechanical contractor), and

i nclude what procedures are used to sinulate conditions. |Include a
separate colum for each checked item and extra space for comments. \Were
sequences of operations are checked, insert each corresponding routine from
the project’s sequence of operation. For each test area, include signature
and date lines for the Contractor's PVT administrator, the Contractor's QA
representative, the Contracting Oficer's representative,[ and the BAS
Omer] to acknow edge successful conpletion. |[The BAS Oamer can provide
sanpl e PVT forns and procedures upon request.]

. 4.3 PVT Sample Size

Test all central plant equipnment and primary air handling unit controllers
unl ess otherwi se directed. Twenty percent sanple testing is allowed for

i dentical controllers typical of terminal control |ike VAV boxes and fan
coil units. The Government may require testing of Iike controllers beyond
a statistical sanple if sample controllers require retesting or do not have
consi stent results.

The Governnment may witness all testing, or random sanples of PVT itens.
When only random sanpl es are wi tnessed, the Governnent nmay choose which
ones.

4.4 Pre-Performance Verification Testing Checkli st

Subnmit the following as a list with itens checked off once verified.
Provide a detail ed explanation for any itens that are not conpleted or
verified.

a. Verify all required mechanical installation work is successfully
conpl eted, and all HVAC equi pnent is working correctly (or will be
by the time the PVT is conducted).

b. Verify HVAC notors operate below full-Ioad anperage ratings.

C. Verify all required control system conponents, wiring, and
accessories are installed.

d. Verify the installed control systemarchitecture nmatches approved
dr awi ngs.
e. Verify all control circuits operate at the proper voltage and are

free fromgrounds or faults.
f. Verify all required surge protection is install ed.

g. Verify the A/ C Power Table specified in "CONTROLS SYSTEM
OPERATORS MANUALS" is accurate.

h. Verify all DDC network conmunications function properly,
i ncl udi ng upl oadi ng and downl oadi ng pr ogrammr ng changes.

i. Usi ng the BACnet protocol analyzer (if provided or required in
this specification), verify conmunications are error free.

j. Verify each digital controller’s programming is backed up
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Verify all wiring, conponents, and panels are properly | abel ed.
Verify all required points are progranmmed into devices.
Verify all TAB work affecting controls is conplete

Verify all valve and actuator zero and span adjustnents are set
properly.

Verify all sensor readings are accurate and cali brated.

Verify each control valve and actuator goes to nornmal position
upon | oss of power.

Verify all control |oops are tuned for snboth and stable
operation. View trend data where applicable

Verify each controller works properly in stand-al one node.

Verify all safety controls and devices function properly,
including freeze protection and interfaces with building fire

al arm syst ens.

Verify all electrical interlocks work properly.

Verify all workstations, notebooks and mai nt enance personne
interface tools are delivered, all system and database software is
installed, and graphic pages are created for each workstati on and
not ebook.

Verify the as-built (shop) control draw ngs are conpl eted.

Conducting Performance Verification Testing

Conduct Covernnent -wi t nessed PVT after approval of the PVT Plan
and the conpleted Pre-PVT Checklist. Notify the Contracting

O ficer of the planned PVT at |east 15 days prior to testing.
Provide an estimated tine table required to performthe testing.
Furni sh personnel, equipnent, instrumentation, and supplies
necessary to performall aspects of the PVI. Ensure that testing
personnel are regularly enployed in the testing and calibration of
DDC systens. Using the project's as-built control system (shop)
drawi ngs, the project's mechanical design draw ngs, the approved
Pre-PVT Checklist, and the approved PVT Plan, conduct the PVT

During testing, identify any itens that do not neet the contract
requirenents and if tinme permts, conduct i mediate repairs and
re-test. O herw se, deficiencies shall be investigated,
corrected, and re-tested later. Docurment each deficiency and
corrective action taken.

If re-testing is required, follow the procedures for the initia
PVT. The Governnent nay require re-testing of any control system
conmponents affected by the original failed test.

Control l er Capability and Labeling

Test the followi ng for each controller
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a. Menory: Denpnstrate that progranmed data, paraneters, and trend/
al arm history coll ected during normal operation is not |ost during
power failure

b. Direct Connect Interface: Denonstrate the ability to connect
directly to each type of digital controller with a portable
el ectronic device |like a notebook conputer or PDA. Show t hat
mai nt enance personnel interface tools performas specified in the
manuf acturer's technical literature.

c. Stand Alone Ability: Denonstrate controllers provide stable and
reliable stand-al one operation using default val ues or other
nmet hod for values normally read over the network.

d. Wring and AC Power: Denobnstrate the ability to disconnect any
controller safely fromits power source using the AC Power Tabl e.
Denmonstrate the ability to match wiring | abels easily with the
control drawi ngs. Denonstrate the ability to |ocate a
controller's location using the BACnet Conmunication Architecture
Schematic and floor plans.

e. Naneplates and Tags: Show the nanepl ates and tags are accurate
and pernanently attached to control panel doors, devices, sensors,
and actuators.

4.7 Wor kst ati on and Software Qperation

For every user workstation or notebook provided:
a. Show points lists agree with nam ng conventi ons.
b. Show that graphics are conplete.

c. Show the UPS operates as specified.

. 4.8 BACnet Communi cations and Interoperability Areas

Denonstrate proper interoperability of data sharing, alarmand event
managenent, trendi ng, scheduling, and device and network managenent. |If
available or required in this specification, use a BACnet protocol analyzer
to assist with identifying devices, view ng network traffic, and verifying
interoperability. These requirements nust be nmet even if there is only one
manuf act urer of equi pnent installed. Testing includes the follow ng:

a. Data Presentation: On each BACnet Qperator Wrkstation
denonstrate graphic display capabilities.

b. Reading of Any Property: Denonstrate the ability to read and
di spl ay any used readabl e object property of any device on the
net wor k.

c. Setpoint and Paraneter Mdifications: Showthe ability to nodify
all setpoints and tuning paraneters in the sequence of control or
listed on project schedules. Modifications are nade with BACnet
nmessages and wite services initiated by an operator using
wor kst ati on graphics, or by conpleting a field in a menu with
instructional text.
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Peer -t o- Peer Data Exchange: Show all BACnet devices are installed
and configured to perform BACnet read/wite services directly
(without the need for operator or workstation intervention), to

i npl enent the project sequence of operation, and to share gl obal
dat a.

Al arm and Event Managenent: Show that alarms/events are installed
and prioritized according to the BAS Ower. Denonstrate tine

del ays and other logic is set up to avoid nuisance tripping, e.g.,
no status alarnms during unoccupied tinmes or high supply air during
cold norning start-up. Show that operators with sufficient
privilege can read and wite alarm event paraneters for all
standard BACnet event types. Show that operators with sufficient
privilege can change routing (BACnet notification classes) for
each al arm event including the destination, priority, day of week,
tinme of day, and the type of transition involved (TO OFF NORVAL,
TO NORMAL, etc.).

Schedul e Lists: Show that schedul es are configured for
start/stop, node change, occupant overrides, and ni ght setback as
defined in the sequence of operations.

Schedul e Di splay and Modification: Showthe ability to display
any schedule with start and stop tines for the cal endar year.
Show that all cal endar entries and schedul es are nodifiable from
any connected workstation by an operator with sufficient privilege.
Archival Storage of Data: Show that data archiving is handled by
t he operator workstation/server, and |ocal trend archiving and

di splay is acconplished with BACnet Trend Log objects.

Modi fication of Trend Log Object Paraneters: Show that an
operator with sufficient privilege can change the |ogged data
points, sanpling rate, and trend duration.

Devi ce and Network Managenent: Show the follow ng capabilities -
(1) Display of Device Status Information

(2) Display of BACnet (Object Information

(3) Silencing Devices that are Transmitting Erroneous Data

(4) Time Synchronization

(5) Renote Device Reinitialization

(6) Backup and Restore Device Progranm ng and Master Database(s)

(7) Configuration Managenment of Hal f-Routers, Routers and BBMDs

Executi on of Sequence of Operation

Denonstrate that the HVAC system operates properly through the conplete
sequence of operation. Use read/wite property services to globally read
and nodi fy paraneters over the internetwork.
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3.4.10 Control Loop Stability and Accuracy

For all control |oops tested, give the Government trend graphs of the
control variable over tinme, denobnstrating that the control |oop responds to
a 20% sudden change of the control variable set point wthout excessive
overshoot and undershoot. |If the process does not allow a 20% set point
change, use the |argest change possible. Show that once the new set point
is reached, it is stable and maintained. Control |loop trend data shall be
inreal-time with the time between data points 30 seconds or |ess.

.4.11 Per formance Verification Testing Report
Upon successful conpletion of the PVT, subnit a PVT Report to the

CGovernment and prior to the Government taking use and possession of the
facility. Do not submt the report until all problenms are corrected and

successfully re-tested. The report shall include the annotated PVT Pl an
used during the PVT. \Where problens were identified, explain each problem
and the corrective action taken. Include a witten certification that the

installation and testing of the control systemis conplete and neets all of
the contract's requirements

.5 TRAI' NI NG REQUI REMENTS

Provide a qualified instructor (or instructors) with two years m ni nrum
field experience with the installation and programm ng of simlar BACnet
DDC systens. Orient training to the specific systenms install ed.

Coordinate training times with the Contracting Oficer and BAS Omer after
recei ving approval of the training course docunentation. Training shal
take place at the job site and/or a nearby Governnent-furnished | ocation

A training day shall occur during normal working hours, last no |onger than
8 hours and include a one-hour break for lunch and two additional 15-ninute
breaks. The project's approved Controls System Cperators Manual shall be
used as the training text. The Contractor shall ensure the manuals are
submitted, approved, and available to hand out to the trainees before the
start of training.

.5.1  Training Docunentation

Submit training docunentation for review 30 days nini mum before training.
Docurnent ati on shall include an agenda for each training day, objectives, a
synopses of each | esson, and the instructor's background and
qualifications. The training docunentation can be subnmitted at the same
time as the project's Controls System Qperators Manual .

.5.2 Phase | Training - Fundamental s

The Phase | training session shall |ast [one day] [two consecutive days]
and be conducted in a classroom environnent with conpl ete audi o-visual aids
provided by the contractor. Provide each trainee a printed 8.5 x 11 inch
hard-copy of all visual aids used. Upon conpletion of the Phase

Trai ning, each trainee should fully understand the project's DDC system
fundanentals. The training session shall include the follow ng:

a. BACnet fundanmentals (objects, services, addressing) and how where
they are used on this project

b. This project's list of control system conponents

c. This project's list of points and objects
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d. This project's device and network comuni cation architecture
e. This project's sequences of control, and:
f. Alarmcapabilities
g. Trending capabilities
h. Troubl eshooting comunication errors
i. Troubl eshooting hardware errors
5.3 Phase Il Training - Operation
Provide Phase Il Training shortly after conpleting Phase | Training. The
Phase Il training session shall |ast [one day] [two consecutive days] and
be conducted at the DDC system workstation, at a notebook conputer
connected to the DDC systemin the field, and at other site |locations as
necessary. Upon completion of the Phase Il Training, each trainee should
fully understand the project's DDC system operation. The training session
shal | include the foll ow ng:
a. A wal k-through tour of the mechanical systemand the installed DDC
conponents (controllers, valves, danpers, surge protection
swi tches, thernostats, sensors, etc.)
b. A discussion of the conponents and functions at each DDC pane
c. Logging-in and navigating at each operator interface type

d. Using each operator interface to find, read, and wite to specific
control l ers and objects

e. Mdifying and downl oadi ng control program changes
f. Modifying setpoints

g. Creating, editing, and view ng trends

h. Creating, editing, and view ng al arns

i. Creating, editing, and view ng operating schedul es and schedul e
obj ects

j. Backing-up and restoring progranm ng and data bases

k. Modifying graphic text, backgrounds, dynanic data displays, and
links to other graphics

I. Creating new graphics and addi ng new dynamni ¢ data displays and
l'i nks

m Alarm and Event nanagenent
n. Adding and renmovi ng network devices

-- End of Section --
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