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INTERFACE DEVICES, AND SENSORS
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SECTION 15952 - BAS OPERATOR INTERFACES
SECTION 23 0902 - BAS OPERATOR INTERFACES
SECTION 15953 - BAS FIELD PANELS
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SECTION 23 0904 - BAS COMMUNICATION DEVICES
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SECTION 23 0905 - BAS SOFTWARE AND PROGRAMMING
SECTION 15958 - SEQUENCES OF OPERATION

SECTION 23 0993 - SEQUENCES OF OPERATION
SECTION 15959 - BAS COMMISSIONING

SECTION 23 0801 - BAS COMMISSIONING

DESCRIPTION OF WORK

A

CONTRACTOR SHALL FURNISH AND INSTALL A DIRECT DIGITAL CONTROL AND BUILDING
AUTOMATION SYSTEM (BAS). THE NEW BAS SHALL UTILIZE ELECTRONIC SENSING,
MICROPROCESSOR-BASED DIGITAL CONTROL, AND ELECTRONIC ACTUATION OF DAMPERS
AND VALVES TO PERFORM CONTROL SEQUENCES AND FUNCTIONS SPECIFIED. REFER
ALSO TO CONTROL DRAWINGS, SEQUENCES OF OPERATION, AND POINT LISTS.

THE DISTRIBUTED DIGITAL CONTROL (DDC) AND BUILDING AUTOMATION SYSTEM (BAS)
DEFINED IN THIS SPECIFICATION SHALL INTERFACE WITH THE UNIVERSITY PRIVATE
VLAN, AND SHALL UTILIZE OPEN COMMUNICATIONS. TOWARDS THIS END,
CONTRACTOR SHALL PROVIDE A ROUTER/GATEWAY/(S) AS NECESSARY TO FACILITATE
ALL SPECIFIED OBJECTS AND SERVICES AND HAVE THEM CONFIGURED/MAPPED AS
APPLICABLE.

THE SYSTEMS TO BE CONTROLLED UNDER WORK OF THIS SECTION BASICALLY COMPRISE
{DESCRIBE THE SCOPE OF THE PROJECT.} THE HVAC SYSTEMS BEING CONTROLLED ARE
{DESCRIBE THE CONFIGURATION OF AND THE TYPE OF MECHANICAL SYSTEMS INCLUDED
IN THE PROJECT}. THIS SECTION DEFINES THE MANNER AND METHOD BY WHICH THESE
CONTROLS FUNCTION.

ALL CONTROL WORK SHALL BE INSTALLED BY THE BAS CONTRACTOR, UNLESS
SPECIFIED OTHERWISE. CERTAIN MECHANICAL SYSTEMS SUCH AS CHILLERS, BOILERS,
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COOLING TOWERS, AND ENERGY RECOVERY UNITS ARE EQUIPPED WITH MANUFACTURER
FURNISHED CONTROLS. ALL LABOR, MATERIALS, EQUIPMENT, SOFTWARE, AND SERVICES
NECESSARY FOR THE INSTALLATION OF A COMPLETE INTEGRATED SYSTEM SHALL BE
PROVIDED.

APPLICATION OF OPEN PROTOCOLS

THE FOLLOWING REQUIREMENT APPLIES ONLY AT THE DIRECTION OF UCB AND MUST BE
CAREFULLY EDITED TO ACHIEVE THE INTEROPERABILITY LEVEL APPLICABLE TO THIS PROJECT.

A

SUBJECT TO THE DETAILED REQUIREMENTS PROVIDED THROUGHOUT THE
SPECIFICATIONS, THE BAS AND DIGITAL CONTROL AND COMMUNICATIONS COMPONENTS
INSTALLED, AS WORK OF THIS CONTRACT SHALL BE AN INTEGRATED DISTRIBUTED
PROCESSING SYSTEM UTILIZING BACNET. SYSTEM COMPONENTS SHALL COMMUNICATE
USING NATIVE BACNET IN ACCORDANCE WITH ASHRAE STANDARD 135 AND CURRENT
ADDENDA AND ANNEXES, INCLUDING ALL WORKSTATIONS, ALL BUILDING
CONTROLLERS, AND ALL APPLICATION SPECIFIC CONTROLLERS.

QUALITY ASSURANCE

THE FOLLOWING REQUIREMENT IS RELATIVE TO THE DEMONSTRATED HISTORY OF THE
PRODUCT LINE THEY ARE PROPOSING. EDIT TO SUIT PROJECT.

A

PRODUCT LINE DEMONSTRATED HISTORY: THE PRODUCT LINE BEING PROPOSED FOR
THE PROJECT MUST HAVE AN INSTALLED HISTORY OF DEMONSTRATED SATISFACTORY
OPERATION FOR A LENGTH OF [5] YEARS SINCE DATE OF FINAL COMPLETION IN AT LEAST
[20] INSTALLATIONS OF COMPARATIVE SIZE AND COMPLEXITY. DOCUMENTATION OF
THIS REQUIREMENT WITH REFERENCES SHALL BE AVAILABLE UPON REQUEST.

THE FOLLOWING REQUIREMENT RELATES TO THE ACTUAL INSTALLING CONTRACTOR.

B.

INSTALLER'S QUALIFICATIONS: FIRMS SPECIALIZING AND EXPERIENCED IN CONTROL
SYSTEM INSTALLATIONS FOR NOT LESS THAN [5] YEARS. FIRMS WITH EXPERIENCE IN
DDC INSTALLATION PROJECTS WITH POINT COUNTS EQUAL TO THIS PROJECT AND
SYSTEMS OF THE SAME COMPLEXITY AS THOSE OF THIS PROJECT. EXPERIENCE STARTS
WITH AWARDED FINAL COMPLETION OF PREVIOUS PROJECTS. DOCUMENTATION OF THIS
REQUIREMENT WITH REFERENCES SHALL BE AVAILABLE UPON REQUEST.

INSTALLER'S EXPERIENCE WITH PROPOSED PRODUCT LINE: FIRMS SHALL HAVE
SPECIALIZED IN AND BE EXPERIENCED WITH THE INSTALLATION OF THE PROPOSED
PRODUCT LINE FOR NOT LESS THAN [THREE] YEARS FROM DATE OF FINAL COMPLETION
ON AT LEAST [5] PROJECTS OF SIMILAR SIZE AND COMPLEXITY. SUBMITTALS SHALL
DOCUMENT THIS EXPERIENCE WITH REFERENCES.

THE FOLLOWING REQUIREMENTS RELATE TO THE KEY INDIVIDUALS WHO WILL BE WORKING ON
THE PROJECT.

D.

INSTALLER’S FIELD COORDINATOR AND SEQUENCE PROGRAMMER QUALIFICATIONS:
INDIVIDUAL(S) SHALL SPECIALIZE IN AND BE EXPERIENCED WITH CONTROL SYSTEM
INSTALLATION FOR NOT LESS THAN [5] YEARS. PROPOSED FIELD COORDINATOR SHALL
HAVE EXPERIENCE WITH THE INSTALLATION OF THE PROPOSED PRODUCT LINE FOR NOT
LESS THAN [2] PROJECTS OF SIMILAR [SIZE] [AND COMPLEXITY]. INSTALLER SHALL
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SUBMIT THE NAMES OF THE PROPOSED INDIVIDUAL AND AT LEAST ONE ALTERNATE FOR
EACH DUTY. SUBMITTALS SHALL DOCUMENT THIS EXPERIENCE WITH REFERENCES.
{EDIT AS APPLICABLE} THE PROPOSED INDIVIDUALS MUST SHOW PROOF OF THE
FOLLOWING TRAINING:

1. PRODUCT LINE TRAINING: INDIVIDUALS OVERSEEING THE INSTALLATION AND
CONFIGURATION OF THE PROPOSED PRODUCT LINE MUST PROVIDE EVIDENCE OF THE
MOST ADVANCED TRAINING OFFERED BY THE MANUFACTURER ON THAT PRODUCT
LINE FOR INSTALLATION AND CONFIGURATION.

2. PROGRAMMING TRAINING: INDIVIDUALS INVOLVED WITH PROGRAMMING THE SITE-
SPECIFIC SEQUENCES SHALL PROVIDE EVIDENCE OF THE MOST ADVANCED
PROGRAMMING TRAINING OFFERED BY THE VENDOR OF THE PROGRAMMING
APPLICATION OFFERED BY THE MANUFACTURER.

INSTALLER’S SERVICE QUALIFICATIONS: THE INSTALLER MUST BE EXPERIENCED IN
CONTROL SYSTEM OPERATION, MAINTENANCE AND SERVICE. INSTALLER MUST
DOCUMENT A MINIMUM [5] YEAR HISTORY OF SERVICING INSTALLATIONS OF SIMILAR
SIZE AND COMPLEXITY. INSTALLER MUST ALSO DOCUMENT AT LEAST A ONE YEAR
HISTORY OF SERVICING THE PROPOSED PRODUCT LINE.

INSTALLER’S RESPONSE TIME AND PROXIMITY

1. INSTALLER MUST MAINTAIN A FULLY CAPABLE SERVICE FACILITY WITHIN A [45
MILE] RADIUS OF THE PROJECT SITE. SERVICE FACILITY SHALL MANAGE THE
EMERGENCY SERVICE DISPATCHES AND MAINTAIN THE INVENTORY OF SPARE PARTS.

2. EMERGENCY RESPONSE TIMES ARE LISTED BELOW IN THIS SECTION. INSTALLER
MUST DEMONSTRATE THE ABILITY TO MEET THE RESPONSE TIMES.

INSTALLER’S QUALITY ASSURANCE PLAN

1. INSTALLER MUST PROVIDE A DESCRIPTION OF THEIR QUALITY ASSURANCE
OPERATIONS FROM CONTRACT AWARD THROUGH FINAL DELIVERY. THE
DESCRIPTION SHALL INCLUDE ORGANIZATIONAL RESPONSIBILITIES FOR EACH
DEPARTMENT REPRESENTED WITHIN THE EXECUTION OF THIS DOCUMENT FROM
INSTALLER’S TO ENGINEERS, SERVICE TECHNICIANS AND MANAGEMENT.

1.06  CODES AND STANDARDS

A

THE FOLLOWING CODES AND STANDARD INTENDED TO APPLY AS APPLICABLE AS NOT
ALL WILL APPLY TO ALL INSTALLATIONS

AMERICAN SOCIETY OF HEATING, REFRIGERATION AND AIR CONDITIONING ENGINEERS

(ASHRAE)

1. ASHRAE 135-2004: BACNET - A DATA COMMUNICATION PROTOCOL FOR
BUILDING AUTOMATION AND CONTROL NETWORKS. AMERICAN SOCIETY OF
HEATING, REFRIGERATING AND AIR-CONDITIONING ENGINEERS, INC. 2004
INCLUDING ADDENDUMS A THROUGH E

ELECTRONICS INDUSTRIES ALLIANCE

1. EIA-709.1-B-2002: CONTROL NETWORK PROTOCOL SPECIFICATION
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1.07

2. EIA-709.3-99: FREE-TOPOLOGY TWISTED-PAIR CHANNEL SPECIFICATION

3. EIA-232: INTERFACE BETWEEN DATA TERMINAL EQUIPMENT AND DATA CIRCUIT-
TERMINATING EQUIPMENT EMPLOYING SERIAL BINARY DATA INTERCHANGE.

4, EIA-458: STANDARD OPTICAL FIBER MATERIAL CLASSES AND PREFERRED SIZES

5. EIA-485: STANDARD FOR ELECTRICAL CHARACTERISTICS OF GENERATOR AND
RECEIVERS FOR USE IN BALANCED DIGITAL MULTIPOINT SYSTEMS.

6. EIA-472: GENERAL AND SECTIONAL SPECIFICATIONS FOR FIBER OPTIC CABLE

7. EIA-475: GENERIC AND SECTIONAL SPECIFICATIONS FOR FIBER OPTIC
CONNECTORS AND ALL SECTIONAL SPECIFICATIONS

8. EIA-573: GENERIC AND SECTIONAL SPECIFICATIONS FOR FIELD PORTABLE
POLISHING DEVICE FOR PREPARATION OPTICAL FIBER AND ALL SECTIONAL
SPECIFICATIONS

9. EIA-590: STANDARD FOR PHYSICAL LOCATION AND PROTECTION OF BELOW-
GROUND FIBER OPTIC CABLE PLANT AND ALL SECTIONAL SPECIFICATIONS
D. UNDERWRITERS LABORATORIES
1. UL 916: ENERGY MANAGEMENT SYSTEMS.
THE FOLLOWING RATING IS REQUIRED ONLY FOR DEVICES USED FOR SMOKE CONTROL
PURPOSES. |F THESE ARE NOT INTENDED, DELETE.
2. UUKL 864: UL SUPERVISED SMOKE CONTROL

E. NEMA COMPLIANCE

1. NEMA 250: ENCLOSURE FOR ELECTRICAL EQUIPMENT
2. NEMAICS1: GENERAL STANDARDS FOR INDUSTRIAL CONTROLS.

F. NFPA COMPLIANCE

1. NFPA 90A "STANDARD FOR THE INSTALLATION OF AIR CONDITIONING AND
VENTILATING SYSTEMS" WHERE APPLICABLE TO CONTROLS AND CONTROL

SEQUENCES.
2. NFPAT70 NATIONAL ELECTRICAL CODE (NEC)
G. INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

1. |EEE 142: RECOMMENDED PRACTICE FOR GROUNDING OF INDUSTRIAL AND
COMMERCIAL POWER SYSTEMS

2. |EEE802.3: CSMA/CD (ETHERNET — BASED) LAN
3. |EEE 802.4: TOKEN BUS WORKING GROUP (ARCNET - BASED) LAN

EDIT THE DEFINITIONS BELOW TO APPLY FOR A GIVEN PROJECT.

DEFINITIONS

A. ACCURACY: AS STATED IN SECTION 15951 {23 0913}, ACCURACY SHALL INCLUDE
COMBINED EFFECTS OF NONLINEARITY, NON-REPEATABILITY AND HYSTERESIS.

B. ADVANCED APPLICATION CONTROLLER (AAC): A DEVICE WITH LIMITED RESOURCES
RELATIVE TO THE BUILDING CONTROLLER (BC). IT MAY SUPPORT A LEVEL OF
PROGRAMMING AND MAY ALSO BE INTENDED FOR APPLICATION SPECIFIC APPLICATIONS.
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C. APPLICATION PROTOCOL DATA UNIT (APDU)Z A UNIT OF DATA SPECIFIED IN AN

APPLICATION PROTOCOL AND CONSISTING OF APPLICATION PROTOCOL CONTROL
INFORMATION AND POSSIBLE APPLICATION USER DATA (ISO 9545).

APPLICATION SPECIFIC CONTROLLER (ASC): A DEVICE WITH LIMITED RESOURCES
RELATIVE TO THE ADVANCED APPLICATION CONTROLLER (AAC). IT MAY SUPPORT A
LEVEL OF PROGRAMMING AND MAY ALSO BE INTENDED FOR APPLICATION-SPECIFIC
APPLICATIONS. .

BACNET/BACNET STANDARD: BACNET COMMUNICATION REQUIREMENTS AS DEFINED
BY ASHRAE/ANSI 135-2004.

BACNET INTEROPERABILITY BUILDING BLOCKS (BIBB): A BIBB DEFINES A SMALL
PORTION OF BACNET FUNCTIONALITY THAT IS NEEDED TO PERFORM A PARTICULAR
TASK. BIBBS ARE COMBINED TO BUILD THE BACNET FUNCTIONAL REQUIREMENTS FOR
A DEVICE IN A SPECIFICATION.

BINDING: IN THE GENERAL SENSE, BINDING REFERS TO THE ASSOCIATIONS OR MAPPINGS
OF THE SOURCES NETWORK VARIABLE AND THEIR INTENDED OPR REQUIRED
DESTINATIONS.

BUILDING AUTOMATION SYSTEM (BAS): THE ENTIRE INTEGRATED MANAGEMENT AND
CONTROL SYSTEM

BUILDING CONTROLLER (BC): A FULLY PROGRAMMABLE DEVICE CAPABLE OF
CARRYING OUT A NUMBER OF TASKS INCLUDING CONTROL AND MONITORING VIA DIRECT
DIGITAL CONTROL (DDC) OF SPECIFIC SYSTEMS, ACTING AS A COMMUNICATIONS
ROUTER BETWEEN THE LAN BACKBONE AND SUB-LANS, AND DATA STORAGE FOR
TREND INFORMATION, TIME SCHEDULES, AND ALARM DATA.

CHANGE OF VALUE (COV): AN EVENT THAT OCCURS WHEN A MEASURED OR
CALCULATED ANALOG VALUE CHANGES BY A PREDEFINED AMOUNT (ASHRAE/ANSI
135-2004).

CLIENT: A DEVICE THAT IS THE REQUESTOR OF SERVICES FROM A SERVER. A CLIENT
DEVICE MAKES REQUESTS OF AND RECEIVES RESPONSES FROM A SERVER DEVICE.

CONTINUOUS MONITORING: A SAMPLING AND RECORDING OF A VARIABLE BASED ON
TIME OR CHANGE OF STATE (E.G. TRENDING AN ANALOG VALUE, MONITORING A BINARY
CHANGE OF STATE).

CONTROLLER OR CONTROL UNIT (CU): INTELLIGENT STAND-ALONE CONTROL PANEL.
CONTROLLER IS A GENERIC REFERENCE AND SHALL INCLUDE BCs, AACS, AND ASCs AS
APPROPRIATE.

CONTROL SYSTEMS SERVER (CSS): THIS SHALL BE A COMPUTER (OR COMPUTERS) THAT
MAINTAINS THE SYSTEMS CONFIGURATION AND PROGRAMMING DATABASE. THIS MAY
DOUBLE AS AN OPERATOR WORKSTATION.

DIRECT DIGITAL CONTROL (DDC): MICROPROCESSOR-BASED CONTROL INCLUDING
ANALOG/DIGITAL CONVERSION AND PROGRAM LOGIC

FUNCTIONAL PROFILE: A COLLECTION OF VARIABLES REQUIRED TO DEFINE A THE KEY
PARAMETERS FOR A STANDARD APPLICATION. AS THIS APPLIES TO THE HVAC
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AA.

BB.

CC.

DD.

INDUSTRY, THIS WOULD INCLUDE APPLICATIONS LIKE VAV TERMINAL, FAN COIL UNITS,
AND THE LIKE.

FACILITY MAINTENANCE INFORMATION TECHNOLOGY (FMIT): REFERENCE TO THE
FACILITY’S INFORMATION TECHNOLOGY DEPARTMENT, RESPONSIBLE FOR PROVIDING
AND MAINTAINING ALL Ol HARDWARE.

GATEWAY (GTWY): A DEVICE, WHICH CONTAINS TWO OR MORE DISSIMILAR
NETWORKS/PROTOCOLS, PERMITTING INFORMATION EXCHANGE BETWEEN THEM
(ASHRAE/ANSI 135-2004).

HAND HELD DEevICE (HHD): MANUFACTURER’S MICROPROCESSOR BASED DEVICE FOR
DIRECT CONNECTION TO A CONTROLLER.

LAN INTERFACE DEVICE (LANID): DEVICE OR FUNCTION USED TO FACILITATE
COMMUNICATION AND SHARING OF DATA THROUGHOUT THE BAS

LocAL AREA NETWORK (LAN): GENERAL TERM FOR A NETWORK SEGMENT WITHIN THE
ARCHITECTURE. VARIOUS TYPES AND FUNCTIONS OF LANS ARE DEFINED HEREIN.

LoCAL SUPERVISORY LAN: ETHERNET-BASED LAN CONNECTING PRIMARY
CONTROLLER LANS WITH EACH OTHER AND OWSS AND CSSsS. SEE SYSTEM
ARCHITECTURE BELOW. THIS LAN CAN FUNCTION AS THE PRIMARY CONTROLLING
LAN.

MASTER-SLAVE/TOKEN PASSING (MS/TP): DATA LINK PROTOCOL AS DEFINED BY THE
BACNET STANDARD. (ASHRAE/ANSI 135-2004).

OPEN DATABASE CONNECTIVITY (ODBC): AN OPEN STANDARD APPLICATION-
PROGRAMMING INTERFACE (API) FOR ACCESSING A DATABASE DEVELOPED. ODBC
COMPLIANT SYSTEMS MAKE IT POSSIBLE TO ACCESS ANY DATA FROM ANY APPLICATION,
REGARDLESS OF WHICH DATABASE MANAGEMENT SYSTEM (DBMS) IS HANDLING THE
DATA.

OPERATOR INTERFACE (Ol): A DEVICE USED BY THE OPERATOR TO MANAGE THE BAS
INCLUDING OWSSs, POTS, AND HHDS.

OPERATOR WORKSTATION (OWS): THE USER’S INTERFACE WITH THE BAS SYSTEM. AS
THE BAS NETWORK DEVICES ARE STAND-ALONE, THE OWS IS NOT REQUIRED FOR
COMMUNICATIONS TO OCCUR.

POINT-TO-POINT (PTP): SERIAL COMMUNICATION AS DEFINED IN THE BACNET
STANDARD.

PORTABLE OPERATORS TERMINAL (POT): LAPTOP PC USED BOTH FOR DIRECT
CONNECTION TO A CONTROLLER AND FOR REMOTE DIAL UP CONNECTION.

ProTOCOL IMPLEMENTATION CONFORMANCE STATEMENT (P|CS)Z A WRITTEN
DOCUMENT, CREATED BY THE MANUFACTURER OF A DEVICE, WHICH IDENTIFIES THE
PARTICULAR OPTIONS SPECIFIED BY BACNET THAT ARE IMPLEMENTED IN THE DEVICE
(ASHRAE/ANSI 135-2004).

PRIMARY CONTROLLING LAN: HIGH SPEED, PEER-TO-PEER CONTROLLER LAN
CONNECTING BCS AND OPTIONALLY AACS AND ASCS. REFER TO SYSTEM
ARCHITECTURE BELOW.
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EE. ROUTER: A DEVICE THAT CONNECTS TWO OR MORE NETWORKS AT THE NETWORK

1.08

1.09

FF.

GG.

HH.

JJ.

KK.

LL.

LAYER.

SECONDARY CONTROLLING LAN: LAN CONNECTING AACS AND ASCS, GENERALLY
LOWER SPEED AND LESS RELIABLE THAN THE PRIMARY CONTROLLING LAN. REFER TO
SYSTEM ARCHITECTURE BELOW.

SERVER : A DEVICE THAT IS A PROVIDER OF SERVICES TO A CLIENT. A CLIENT DEVICE
MAKES REQUESTS OF AND RECEIVES RESPONSES FROM A SERVER DEVICE.

SQL: STANDARDIZED QUERY LANGUAGE, A STANDARDIZED MEANS FOR REQUESTING
INFORMATION FROM A DATABASE.

SMART DEVICE: A CONTROL I/O DEVICE SUCH AS A SENSOR OR ACTUATOR THAT CAN
DIRECTLY COMMUNICATE WITH THE CONTROLLER NETWORK TO WHICH IT IS
CONNECTED. THIS DIFFERS FROM AN ASC IN THAT IT TYPICALLY DEALS ONLY WITH ONE
VARIABLE.

UNIVERSITY OF COLORADO AT BOULDER (UCB): OWNER OF THE FACILITY.

UCB ETHERNET: REFERENCE TO THE FACILITY’S INFORMATION TECHNOLOGY
NETWORK, USED FOR NORMAL BUSINESS-RELATED E-MAIL AND INTERNET
COMMUNICATION. INTERNET-BASED NETWORK CONNECTING MULTIPLE FACILITIES WITH
A CENTRAL DATA WAREHOUSE AND SERVER, ACCESSIBLE VIA STANDARD WEB-BROWSER.

XML (EXTENSIBLE MARKUP LANGUAGE): A SPECIFICATION DEVELOPED BY THE WORLD
WIDE WEB CONSORTIUM. XML IS A PARED-DOWN VERSION OF SGML, DESIGNED
ESPECIALLY FOR WEB DOCUMENTS. IT ALLOWS DESIGNERS TO CREATE THEIR OWN
CUSTOMIZED TAGS, ENABLING THE DEFINITION, TRANSMISSION, VALIDATION, AND
INTERPRETATION OF DATA BETWEEN APPLICATIONS AND BETWEEN ORGANIZATIONS.

FUNCTIONAL INTENT

A

THROUGHOUT SECTIONS 15950 {23 0900} THROUGH 15955 {23 0905}, THE SEQUENCES
OF OPERATION, AND SECTION 15959 {23 0801} DETAILED REQUIREMENTS ARE
SPECIFIED, SOME OF WHICH INDICATE A MEANS, METHOD OR CONFIGURATION
ACCEPTABLE TO MEET THAT REQUIREMENT. CONTRACTOR MAY SUBMIT PRODUCTS
THAT UTILIZE ALTERNATE MEANS, METHODS, AND CONFIGURATIONS THAT MEET THE
FUNCTIONAL INTENT. HOWEVER THESE WILL ONLY BE ALLOWED WITH PRIOR APPROVAL
BY THE UNIVERSITY.

SUBMITTALS

A
B.

SUBMIT UNDER PROVISIONS OF SECTION {INSERT APPROPRIATE SECTION NUMBER}.

ELECTRONIC SUBMITTALS: CONTROL SUBMITTALS AND O&M INFORMATION SHALL BE
PROVIDED IN ADOBE PDF OR MICROSOFT WORD FORMAT. PREFERABLY DOCUMENTS
WILL BE CONVERTED FROM THEIR NATIVE ELECTRONIC FORMAT DIRECTLY TO A
PREFERRED FORMAT. ANY DOCUMENTS SCANNED AS IMAGES MUST BE CONVERTED TO A
SEARCHABLE TEXT FORMAT USING OCR (OPTICAL CHARACTER RECOGNITION) AND
REDUCED IN SIZE PRIOR TO SUBMISSION.
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C. QUALIFICATIONSZ MANUFACTURER, |NSTALLER, AND KEY PERSONNEL QUALIFICATIONS

AS INDICATED FOR THE APPROPRIATE ITEM ABOVE. INCLUDE QA/QC PLAN FOR ALL
PHASES (DESIGN, INSTALL, CX, WARRANTY) ALONG WITH DOCUMENTATION OF
INDUSTRY STANDARD QA/QC PRACTICES FOLLOWED.

PRODUCT DATA: SUBMIT MANUFACTURER'S TECHNICAL PRODUCT DATA FOR EACH
CONTROL DEVICE, PANEL, AND ACCESSORY FURNISHED, INDICATING DIMENSIONS,
CAPACITIES, PERFORMANCE AND ELECTRICAL CHARACTERISTICS, AND MATERIAL
FINISHES. ALSO INCLUDE INSTALLATION AND START-UP INSTRUCTIONS.

SHOP DRAWINGS: SUBMIT SHOP DRAWINGS FOR EACH CONTROL SYSTEM, INCLUDING A
COMPLETE DRAWING FOR EACH AIR HANDLING UNIT, SYSTEM, PUMP, DEVICE, ETC. WITH
ALL POINT DESCRIPTORS, ADDRESSES AND POINT NAMES INDICATED. EACH SHOP
DRAWING SHALL CONTAIN THE FOLLOWING INFORMATION:

DESIGNER SHALL PROVIDE GENERAL PANEL LOCATIONS ON BID SET MECHANICAL FLOOR PLAN DOCUMENTS.

1. SYSTEM ARCHITECTURE AND SYSTEM LAYOUT:

a) ONE-LINE DIAGRAM INDICATING SCHEMATIC LOCATIONS OF ALL CONTROL
UNITS, WORKSTATIONS, LAN INTERFACE DEVICES, GATEWAYS, ETC. INDICATE
NETWORK NUMBER, DEVICE ID, DRAWING REFERENCE NUMBER, AND
CONTROLLER TYPE FOR EACH CONTROL UNIT. ALL OPTICAL ISOLATORS,
REPEATERS, END-OF-LINE RESISTORS, JUNCTIONS, GROUND LOCATIONS ETC.
SHALL BE LOCATED ON THE DIAGRAM.

{EDIT THE FOLLOWING FOR THE LEVEL OF DETAIL REQUIRED, PARTICULARLY
WITH REGARD TO OPEN PROTOCOL APPLICATION. (I.E. CAMPUS WIDE
IMPLEMENTATIONS OF BACNET REQUIRE HIGHER LEVELS OF COORDINATION)}
INDICATE DEVICE INSTANCE AND MAC ADDRESS FOR EACH CU. INDICATE
MEDIA, PROTOCOL, BAUD RATE, AND TYPE OF EACH LAN.

b) PROVIDE FLOOR PLANS ON ADOBE PDF SOFTWARE LOCATING ALL CONTROL
UNITS, LAN INTERFACE DEVICES, GATEWAYS, ETC. INCLUDE ALL WAN AND
LAN COMMUNICATION WIRING ROUTING, POWER WIRING, POWER ORIGINATING
SOURCES, AND LOW VOLTAGE POWER WIRING. WIRING ROUTING AS-BUILT
CONDITIONS SHALL BE MAINTAINED ACCURATELY THROUGHOUT THE
CONSTRUCTION PERIOD AND THE DRAWING SHALL BE UPDATED TO
ACCURATELY REFLECT ACCURATE, ACTUAL INSTALLED CONDITIONS.

{EDIT THE FOLLOWING FOR THE LEVEL OF DETAIL REQUIRED, PARTICULARLY
WITH REGARD TO OPEN PROTOCOL APPLICATION. (I.E. CAMPUS WIDE
IMPLEMENTATIONS OF BACNET REQUIRE HIGHER LEVELS OF COORDINATION)}
INDICATE NETWORK NUMBER, DEVICE ID, ADDRESS, DEVICE INSTANCE, MAC
ADDRESS, DRAWING REFERENCE NUMBER, AND CONTROLLER TYPE FOR EACH
CONTROL UNIT. INDICATE MEDIA, PROTOCOL, BAUD RATE, AND TYPE OF EACH
LAN. ALL OPTICAL ISOLATORS, REPEATERS, END-OF-LINE RESISTORS,
JUNCTIONS, GROUND LOCATIONS ETC. SHALL BE LOCATED ON THE FLOOR
PLANS.

2. SCHEMATIC FLOW DIAGRAM OF EACH AIR AND WATER SYSTEM SHOWING FANS,
COILS, DAMPERS, VALVES, PUMPS, HEAT EXCHANGE EQUIPMENT AND CONTROL
DEVICES. INCLUDE VERBAL DESCRIPTION OF SEQUENCE OF OPERATION.
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ALL PHYSICAL POINTS ON THE SCHEMATIC FLOW DIAGRAM SHALL BE INDICATED
WITH NAMES, DESCRIPTORS, AND POINT ADDRESSES IDENTIFIED AS LISTED IN THE
POINT SUMMARY TABLE.

WITH EACH SCHEMATIC, PROVIDE A POINT SUMMARY TABLE LISTING BUILDING
NUMBER AND ABBREVIATION, SYSTEM TYPE, EQUIPMENT TYPE, FULL POINT NAME,
POINT DESCRIPTION, ETHERNET BACKBONE NETWORK NUMBER, NETWORK NUMBER,
DEVICE ID, OBJECT ID (OBJECT TYPE, INSTANCE NUMBER). SEE SECTION 15955 {23
0905} - PART Il FOR ADDITIONAL REQUIREMENTS.

LABEL EACH CONTROL DEVICE WITH SETTING OR ADJUSTABLE RANGE OF CONTROL.
LABEL EACH INPUT AND OUTPUT WITH THE APPROPRIATE RANGE.

PROVIDE A BILL OF MATERIALS WITH EACH SCHEMATIC. INDICATE DEVICE
IDENTIFICATION TO MATCH SCHEMATIC AND ACTUAL FIELD LABELING, QUANTITY,
ACTUAL PRODUCT ORDERING NUMBER, MANUFACTURER, DESCRIPTION, SIZE,
VOLTAGE RANGE, PRESSURE RANGE, TEMPERATURE RANGE, ETC. AS APPLICABLE.

PROVIDE A CONTROL VALVE SCHEDULE LISTING VALVE AND ACTUATOR
INFORMATION INCLUDING: SIZE, CV, DESIGN FLOW, DESIGN PRESSURE DROP,
MANUFACTURER, MODEL NUMBER, CLOSE OFF RATING, CONTROL SIGNAL, ETC.
INDICATE NORMAL POSITIONS OF SPRING RETURN VALVES.

PROVIDE A CONTROL DAMPER SCHEDULE LISTING DAMPER AND ACTUATOR
INFORMATION INCLUDING: SIZE, MATERIAL, BLADE ARRANGEMENT,
MANUFACTURER, MODEL NUMBER, CONTROL SIGNAL, ETC. INDICATE NORMAL
POSITIONS OF SPRING RETURN DAMPERS.

INDICATE ALL REQUIRED ELECTRICAL WIRING. ELECTRICAL WIRING DIAGRAMS
SHALL INCLUDE BOTH LADDER LOGIC TYPE DIAGRAM FOR MOTOR STARTER,
CONTROL, AND SAFETY CIRCUITS AND DETAILED DIGITAL INTERFACE PANEL POINT
TERMINATION DIAGRAMS WITH ALL WIRE NUMBERS AND TERMINAL BLOCK
NUMBERS IDENTIFIED. PROVIDE PANEL TERMINATION DRAWINGS ON SEPARATE
DRAWINGS. LADDER DIAGRAMS SHALL APPEAR ON SYSTEM SCHEMATIC. CLEARLY
DIFFERENTIATE BETWEEN PORTIONS OF WIRING, WHICH ARE EXISTING, FACTORY-
INSTALLED AND PORTIONS TO BE FIELD-INSTALLED.

PROVIDE DETAILS OF CONTROL PANELS, INCLUDING CONTROLS, INSTRUMENTS, AND
LABELING SHOWN IN PLAN OR ELEVATION INDICATING THE INSTALLED LOCATIONS.
PROVIDE PANEL LAYOUT DRAWING INCLUDING POWER SUPPLY, CONTROL UNIT(S)
AND WIRING TERMINALS.

SHEETS SHALL BE CONSECUTIVELY NUMBERED.

EACH SHEET SHALL HAVE A TITLE INDICATING THE TYPE OF INFORMATION
INCLUDED AND THE HVAC SYSTEM CONTROLLED.

TABLE OF CONTENTS LISTING SHEET TITLES AND SHEET NUMBERS.
PROVIDE A SYMBOL LEGEND AND LIST OF ABBREVIATIONS.

INCLUDE THE FOLLOWING WHENEVER THIRD PARTY OPEN APPLICATIONS WILL BE ACCESSING THE CONTROL SYSTEM.

F. OPEN PROTOCOL INFORMATION

1.

BACNET SYSTEMS:
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a) BACNET OBJECT DESCRIPTION, OBJECT ID, AND DEVICE ID, FOR EACH I/O
POINT.

b) DOCUMENTATION FOR ANY NON-STANDARD BACNET OBJECTS, PROPERTIES,
OR ENUMERATIONS USED DETAILING THEIR STRUCTURE, DATA TYPES, AND ANY
ASSOCIATED LISTS OF ENUMERATED VALUES.

c) SUBMIT PICS INDICATING THE BACNET FUNCTIONALITY AND CONFIGURATION
OF EACH CONTROLLER.

G. CONTROL LOGIC DOCUMENTATION

1.

SUBMIT CONTROL LOGIC PROGRAM LISTINGS TO DOCUMENT THE CONTROL
SOFTWARE OF ALL CONTROL UNITS.

INCLUDE WRITTEN DESCRIPTION OF EACH CONTROL SEQUENCE.
INCLUDE TEST PLAN FOR EACH UNIQUE CONTROL PROGRAM.

INCLUDE CONTROL RESPONSE, SETTINGS, SETPOINTS, THROTTLING RANGES, GAINS,
RESET SCHEDULES, ADJUSTABLE PARAMETERS AND LIMITS.

H. OPERATION AND MAINTENANCE MATERIALS:

1.

SUBMIT DOCUMENTS UNDER PROVISIONS OF SECTION {INSERT APPROPRIATE
SECTION NUMBER}. DOCUMENTS SHALL BE PROVIDED ELECTRONICALLY AS
DESCRIBED ABOVE (1.10/B).

SUBMIT MAINTENANCE INSTRUCTIONS AND SPARE PARTS LISTS FOR EACH TYPE OF
CONTROL DEVICE, CONTROL UNIT, AND ACCESSORY.

INCLUDE ALL SUBMITTALS (PRODUCT DATA, SHOP DRAWINGS, CONTROL LOGIC
DOCUMENTATION, HARDWARE MANUALS, SOFTWARE MANUALS, INSTALLATION
GUIDES OR MANUALS, MAINTENANCE INSTRUCTIONS AND SPARE PARTS LISTS) IN
MAINTENANCE MANUAL; IN ACCORDANCE WITH REQUIREMENTS OF DIVISION 1.
ONLY INCLUDE SECTIONS FOR EQUIPMENT AND SOFTWARE USED ON THIS PROJECT.
DO'NOT PROVIDE ENTIRE CATALOG OF PRODUCT DATA WITH EXTRANEOUS
INFORMATION.

SUBMIT BAS USER’S GUIDES (OPERATING MANUALS) FOR EACH CONTROLLER TYPE
AND FOR ALL WORKSTATION HARDWARE AND SOFTWARE AND WORKSTATION
PERIPHERALS.

SUBMIT BAS ADVANCED PROGRAMMING MANUALS FOR EACH CONTROLLER TYPE
AND FOR ALL WORKSTATION SOFTWARE.

. CONTROLS CONTRACTOR SHALL PROVIDE UNIVERSITY WITH ALL PRODUCT LINE
TECHNICAL MANUALS AND TECHNICAL BULLETINS, TO INCLUDE NEW AND UPGRADED
PRODUCTS, BY THE SAME DISTRIBUTION CHANNEL AS TO DEALERS OR BRANCHES
THROUGHOUT THE WARRANTY PERIOD OF THE PROJECT.

J. MANUFACTURERS CERTIFICATES: FOR ALL LISTED AND/OR LABELED PRODUCTS,
PROVIDE CERTIFICATE OF CONFORMANCE.

K. PRODUCT WARRANTY CERTIFICATES: UCB SHALL APPROVE ALL WARRANTY START
DATES. COORDINATE AND SUBMIT MANUFACTURERS PRODUCT WARRANTY
CERTIFICATES COVERING THE HARDWARE PROVIDED ONCE APPROVED.
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PROJECT RECORD DOCUMENTS

A

F.

SUBMIT DOCUMENTS UNDER PROVISIONS OF SECTION {INSERT APPROPRIATE SECTION
NUMBER}. DOCUMENTATION SHALL BE PROVIDED ELECTRONICALLY AS DEFINED IN
SECTION1.10/B ABOVE.

RECORD COPIES OF PRODUCT DATA AND CONTROL SHOP DRAWINGS UPDATED TO
REFLECT THE FINAL INSTALLED CONDITION.

RECORD COPIES OF APPROVED CONTROL LOGIC PROGRAMMING AND DATABASE ON
CD/DVD. ACCURATELY RECORD ACTUAL SETPOINTS AND SETTINGS OF CONTROLS,
FINAL SEQUENCE OF OPERATION, INCLUDING CHANGES TO PROGRAMS MADE AFTER
SUBMISSION AND APPROVAL OF SHOP DRAWINGS AND INCLUDING CHANGES TO
PROGRAMS MADE DURING SPECIFIED TESTING.

RECORD COPIES OF APPROVED PROJECT SPECIFIC GRAPHIC SOFTWARE ON CD/DVD.

RECORD COPIES SHALL INCLUDE INDIVIDUAL FLOOR PLANS WITH CONTROLLER
LOCATIONS WITH ALL INTERCONNECTING WIRING ROUTING INCLUDING SPACE SENSORS,
LAN WIRING, POWER WIRING, LOW VOLTAGE POWER WIRING.

PROVIDE RECORD RISER DIAGRAM SHOWING THE LOCATION OF ALL CONTROLLERS.

SYSTEM ARCHITECTURE

A

THE SYSTEM PROVIDED SHALL INCORPORATE HARDWARE RESOURCES SUFFICIENT TO
MEET THE FUNCTIONAL REQUIREMENTS OF THESE SPECIFICATIONS. THE CONTRACTOR
SHALL INCLUDE ALL ITEMS NOT SPECIFICALLY ITEMIZED IN THESE SPECIFICATIONS THAT
ARE NECESSARY TO IMPLEMENT, MAINTAIN, AND OPERATE THE SYSTEM IN COMPLIANCE
WITH THE FUNCTIONAL INTENT OF THESE SPECIFICATIONS.

THE SYSTEM SHALL BE CONFIGURED AS A DISTRIBUTED PROCESSING NETWORK(S)
CAPABLE OF EXPANSION AS SPECIFIED BELOW.

THE SYSTEM ARCHITECTURE SHALL CONSIST OF A ETHERNET-BASED, WIDE AREA
NETWORK (WAN), A SINGLE LoCcAL AREA NETWORK (LAN) OR MULTI-LEVELED LANS
THAT SUPPORT BCS, AACS, ASCs, OPERATOR WORKSTATIONS (OWS), SMART DEVICES
(SD), AND REMOTE COMMUNICATION DEVICES (RCDS) AS APPLICABLE. THE
FOLLOWING INDICATES A FUNCTIONAL DESCRIPTION OF THE BAS STRUCTURE.

1. UCWAN: INTERNET-BASED NETWORK CONNECTING MULTIPLE FACILITIES WITH A
CENTRAL DATA WAREHOUSE AND SERVER, ACCESSIBLE VIA STANDARD WEB-
BROWSER. THIS IS AN EXISTING INFRASTRUCTURE AND CONTRACTOR IS NOT
REQUIRED TO CONFIGURE ANY COMPONENTS OF THIS WAN. REFER TO SECTION
15954 {23 0904} FOR REQUIREMENTS:

2. LOCAL SUPERVISORY LAN: THE LOCAL SUPERVISORY LAN SHALL BE AN
ETHERNET-BASED, 100 MBPS LAN CONNECTING PRIMARY CONTROL LANS AND
OWSs. THE LAN SERVES AS THE INTER-BC GATEWAY AND OWS-TO-BC
GATEWAY AND COMMUNICATIONS PATH. CONTRACTOR SHALL PROVIDE THIS AS A
DEDICATED LAN FOR THE CONTROL SYSTEM. LAN SHALL BE IEEE 802.3
ETHERNET OVER FIBER OR CATEGORY 5 CABLE WITH SWITCHES AND ROUTERS
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THAT SUPPORT 100 MBPS THROUGHPUT. POWER-LINE CARRIER COMMUNICATION
SHALL NOT BE ACCEPTABLE FOR COMMUNICATIONS.

THE FOLLOWING SPECIFIES A TYPICAL BACNET SYSTEM

THE HIGHER LEVEL LAYERS OF THIS NETWORK SHALL BE BACNET AS DESCRIBED
BELOW:

a) BACNET SUPERVISORY LAN: BACNET/IP AS DEFINED IN ADDENDUM A
(ANNEX J) OF THE BACNET STANDARD, AND SHALL SHARE A COMMON
NETWORK NUMBER FOR THE ETHERNET BACKBONE, AS DEFINED IN BACNET.
POINT/OBJECT NAMING CONVENTIONS ARE SPECIFIED IN 15955 {23 0905} -
PART III.

PRIMARY CONTROLLER LAN (‘PRIMARY LAN’): HIGH-SPEED, PEER-TO-PEER
COMMUNICATING LAN USED TO CONNECT AACS, ASCS AND BUILDING
CONTROLLERS (BCS) AND COMMUNICATE EXCLUSIVELY CONTROL INFORMATION.
ACCEPTABLE TECHNOLOGIES INCLUDE:

a) ETHERNET (IEEE802.3)

SECONDARY CONTROLLER LAN (‘SECONDARY LAN’): NETWORK USED TO
CONNECT AACS, ASCs OR SDs. THESE CAN BE MASTER SLAVE/ TOKEN PASSING
OR POLLING, IN ADDITION TO THOSE ALLOWED FOR PRIMARY CONTROLLER LANS.
NETWORK SPEED VS. THE NUMBER OF CONTROLLERS ON THE LAN SHALL BE
DICTATED BY THE RESPONSE TIME AND TRENDING REQUIREMENTS.

D. DYNAMIC DATA ACCESS: ANY DATA THROUGHOUT ANY LEVEL OF THE NETWORK SHALL
BE AVAILABLE TO AND ACCESSIBLE BY ALL OTHER DEVICES, CONTROLLERS AND OWS,
WHETHER DIRECTLY CONNECTED OR CONNECTED REMOTELY.

E. REMOTE DATA ACCESS: COORDINATE REMOTE ACCESS CONNECTIVITY WITH FMIT
(FACILITIES MANAGEMENT INFORMATION TECHNOLOGY) DEPARTMENT. THE SYSTEM
SHALL SUPPORT THE FOLLOWING METHODS OF REMOTE ACCESS TO THE BUILDING DATA.
UCB USES ETHERNET FOR CAMPUS WIDE BAS ACCESS. SPECIAL CASES REQUIRING DIAL-UP CONNECTIVITY WILL BE
ADDRESSED AS NEEDED BY UCB.

1.

BROWSER-BASED ACCESS: A REMOTE USER USING A STANDARD BROWSER SHALL
BE ABLE ACCESS ALL CONTROL SYSTEM FACILITIES AND GRAPHICS WITH PROPER
PASSWORD. UC SHALL PROVIDE THE REQUIRED INTERNET CONNECTION. THE
FOLLOWING PARADIGMS ARE ACCEPTABLE FOR BROWSER-BASED ACCESS.:

a) NATIVE INTERNET-BASED USER INTERFACES (HTML, JAVA, XML, ETC.) THAT
DO NOT REQUIRE A PLUG-IN. THE USER INTERFACE MUST BE COMPATIBLE WITH
THE MOST CURRENT STABLE VERSION OF THE SUPPORTING SOFTWARE (JAVA,
ETC.) WITHOUT REQUIRING THE USER TO DOWNGRADE TO A LESSER VERSION.

F. THE COMMUNICATION SPEED BETWEEN THE CONTROLLERS, LAN INTERFACE DEVICES,
AND OPERATOR INTERFACE DEVICES SHALL BE SUFFICIENT TO ENSURE FAST SYSTEM
RESPONSE TIME UNDER ANY LOADING CONDITION. IN NO CASE SHALL DELAY TIMES
BETWEEN AN EVENT, REQUEST, OR COMMAND INITIATION AND ITS COMPLETION BE
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GREATER THAN THOSE LISTED HEREIN. CONTRACTOR SHALL RECONFIGURE LAN AS
NECESSARY TO ACCOMPLISH THESE PERFORMANCE REQUIREMENTS. GENERALLY
REQUIREMENTS DO NOT APPLY WHEN A REMOTE CONNECTION MUST BE ESTABLISHED
VIA MODEM:

1. 5SECONDS BETWEEN A LEVEL 1 (CRITICAL) ALARM OCCURRENCE AND
ENUNCIATION AT OPERATOR WORKSTATION.

2. 10 SECONDS BETWEEN A LEVEL 2 ALARM OCCURRENCE AND ENUNCIATION AT
OPERATOR WORKSTATION.

3. 20 SECONDS BETWEEN AND A LEVEL 3-5 ALARM OCCURRENCE AND ENUNCIATION
AT OPERATOR WORKSTATION.

4. 10 SECONDS BETWEEN AN OPERATOR COMMAND VIA THE OPERATOR INTERFACE TO
CHANGE A SETPOINT AND THE SUBSEQUENT CHANGE IN THE CONTROLLER.

5. 5 SECONDS BETWEEN AN OPERATOR COMMAND VIA THE OPERATOR INTERFACE TO
START/STOP A DEVICE AND THE SUBSEQUENT COMMAND TO BE RECEIVED AT THE
CONTROLLER.

6. 10 SECONDS BETWEEN A CHANGE OF VALUE OR STATE OF AN INPUT AND IT BEING
UPDATED ON THE OPERATOR INTERFACE.

7. 10 SECONDS BETWEEN AN OPERATOR SELECTION OF A GRAPHIC AND IT COMPLETELY
PAINTING THE SCREEN AND UPDATING AT LEAST 10 POINTS.

G. CONTROL SYSTEMS SERVER (CSS): THIS SHALL BE A COMPUTER (OR COMPUTERS) THAT
MAINTAIN THE SYSTEMS CONFIGURATION AND PROGRAMMING DATABASE. THIS SERVER
MAY OPERATE VIRTUALLY UNDER THE SUPERVISION OF FMIT. IT SHALL HOLD THE
BACKUP FILES OF THE INFORMATION DOWNLOADED INTO THE INDIVIDUAL CONTROLLERS
AND AS SUCH SUPPORT UPLOADING AND DOWNLOADING THAT INFORMATION DIRECTLY
TO/FROM THE CONTROLLERS. IT SHALL ALSO ACT AS A CONTROL INFORMATION SERVER
TO NON-CONTROL SYSTEM BASED PROGRAMS. IT SHALL ALLOW SECURE MULTIPLE-
ACCESS TO THE CONTROL INFORMATION. REFER TO SECTION 15952 {23 0902} - BAS
OPERATOR INTERFACES FOR ITS REQUIREMENTS.

H. THE OPERATOR INTERFACE SHALL PROVIDE FOR OVERALL SYSTEM SUPERVISION,
GRAPHICAL USER INTERFACE, MANAGEMENT REPORT GENERATION, ALARM
ANNUNCIATION, AND REMOTE MONITORING. REFER TO SECTION 15952 {23 0902} — BAS
OPERATOR INTERFACES.

I THE BCs, AACS, ASCSs, AND SDS SHALL MONITOR, CONTROL, AND PROVIDE THE FIELD
INTERFACE FOR ALL POINTS SPECIFIED. EACH BC, AAC, OR ASC SHALL BE CAPABLE OF
PERFORMING ALL SPECIFIED ENERGY MANAGEMENT FUNCTIONS, AND ALL DDC
FUNCTIONS, INDEPENDENT OF OTHER BCs, AACS, OR ASCS AND OPERATOR INTERFACE
DEVICES AS MORE FULLY SPECIFIED IN SECTION 15953 {23 0903} - BAS FIELD PANELS.

J. INTERRUPTIONS OR FAULT AT ANY POINT ON ANY PRIMARY CONTROLLER LAN SHALL
NOT INTERRUPT COMMUNICATIONS BETWEEN OTHER NODES ON THE NETWORK. IF A
LAN IS SEVERED, TWO SEPARATE NETWORKS SHALL BE FORMED AND COMMUNICATIONS
WITHIN EACH NETWORK SHALL CONTINUE UNINTERRUPTED.

K. ALL LINE DRIVERS, SIGNAL BOOSTERS, AND SIGNAL CONDITIONERS ETC. SHALL BE
PROVIDED AS NECESSARY FOR PROPER DATA COMMUNICATION.
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112 WARRANTY MAINTENANCE

A

CONTRACTOR SHALL WARRANT ALL PRODUCTS AND LABOR FOR A PERIOD OF TWO
YEARS AFTER FINAL ACCEPTANCE BY UCB. PROVIDE UNIT PRICING FOR ADDITIONAL
WARRANTY YEARS AT DISCRETION OF UCB

THE UNIVERSITY RESERVES THE RIGHT TO MAKE CHANGES TO THE BAS DURING THE
WARRANTY PERIOD. SUCH CHANGES DO NOT CONSTITUTE A WAIVER OF WARRANTY.
THE CONTRACTOR SHALL WARRANT PARTS AND INSTALLATION WORK REGARDLESS OF
ANY SUCH CHANGES MADE BY THE UNIVERSITY, UNLESS THE CONTRACTOR PROVIDES
CLEAR AND CONVINCING EVIDENCE THAT A SPECIFIC PROBLEM IS THE RESULT OF SUCH
CHANGES TO THE BAS. ANY DISAGREEMENT BETWEEN THE UNIVERSITY AND THE
CONTRACTOR ON SUCH MATTERS SHALL BE SUBJECT TO RESOLUTION THROUGH THE
CONTRACT ‘DISPUTES’ CLAUSE.

AT NO COST TO THE UNIVERSITY, DURING THE WARRANTY PERIOD, THE CONTRACTOR
SHALL PROVIDE MAINTENANCE SERVICES FOR SOFTWARE AND HARDWARE COMPONENTS
AS SPECIFIED BELOW:

1.  MAINTENANCE SERVICES SHALL BE PROVIDED FOR ALL DEVICES AND HARDWARE
SPECIFIED IN SECTIONS 15951 {23 0913} THROUGH 15954 {23 0904}. SERVICE ALL
EQUIPMENT PER THE MANUFACTURER’S RECOMMENDATIONS. ALL DEVICES SHALL
BE CALIBRATED WITHIN THE LAST MONTH OF THE WARRANTY PERIOD.

2. EMERGENCY SERVICE: ANY MALFUNCTION, FAILURE, OR DEFECT IN ANY
HARDWARE COMPONENT OR FAILURE OF ANY CONTROL PROGRAMMING THAT
WOULD RESULT IN PROPERTY DAMAGE OR LOSS OF COMFORT CONTROL SHALL BE
CORRECTED AND REPAIRED FOLLOWING NOTIFICATION BY THE UNIVERSITY TO THE
CONTRACTOR.

a) RESPONSE BY TELEPHONE TO ANY REQUEST FOR SERVICE SHALL BE PROVIDED
WITHIN ONE (1) HOUR OF THE UNIVERSITY'S INITIAL TELEPHONE REQUEST FOR
SERVICE.

b) © IN THE EVENT THAT THE MALFUNCTION, FAILURE, OR DEFECT IS NOT
CORRECTED THROUGH THE TELEPHONIC COMMUNICATION, AT LEAST ONE (1)
HARDWARE AND SOFTWARE TECHNICIAN, TRAINED IN THE SYSTEM TO BE
SERVICED, SHALL BE DISPATCHED TO THE UNIVERSITY'S SITE WITHIN TWO (2)
HOURS OF THE UNIVERSITY'S INITIAL TELEPHONE REQUEST FOR SUCH
SERVICES, AS SPECIFIED.

3. NORMAL SERVICE: ANY MALFUNCTION, FAILURE, OR DEFECT IN ANY HARDWARE
COMPONENT OR FAILURE OF ANY CONTROL PROGRAMMING THAT WOULD NOT
RESULT IN PROPERTY DAMAGE OR LOSS OF COMFORT CONTROL SHALL BE
CORRECTED AND REPAIRED FOLLOWING TELEPHONIC NOTIFICATION BY THE
UNIVERSITY TO THE CONTRACTOR.

a) RESPONSE BY TELEPHONE TO ANY REQUEST FOR SERVICE SHALL BE PROVIDED
WITHIN TWO (2) WORKING HOURS (CONTRACTOR SPECIFIED 40 HR PER WEEK
NORMAL WORKING PERIOD) OF THE UNIVERSITY'S INITIAL TELEPHONE
REQUEST FOR SERVICE.

b) INTHE EVENT THAT THE MALFUNCTION, FAILURE, OR DEFECT IS NOT
CORRECTED THROUGH THE TELEPHONIC COMMUNICATION, AT LEAST ONE (1)
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HARDWARE AND SOFTWARE TECHNICIAN, TRAINED IN THE SYSTEM TO BE
SERVICED, SHALL BE DISPATCHED TO THE UNIVERSITY'S SITE WITHIN THREE (3)
WORKING DAYS OF THE UNIVERSITY'S INITIAL TELEPHONE REQUEST FOR SUCH
SERVICES, AS SPECIFIED.
4. TELEPHONIC REQUEST FOR SERVICE: CONTRACTOR SHALL SPECIFY A MAXIMUM OF
THREE TELEPHONE NUMBERS FOR UNIVERSITY TO CALL IN THE EVENT OF A NEED
FOR SERVICE. AT LEAST ONE OF THE LINES SHALL BE ATTENDED AT ANY GIVEN
TIME AT ALL TIMES. ONCE CONTACTED A TECHNICIAN SHALL RESPOND TO EVERY
CALL WITHIN 15 MINUTES.
5. TECHNICAL SUPPORT: CONTRACTOR SHALL PROVIDE TECHNICAL SUPPORT BY
TELEPHONE THROUGHOUT THE WARRANTY PERIOD.
6. PREVENTIVE MAINTENANCE SHALL BE PROVIDED THROUGHOUT THE WARRANTY
PERIOD IN ACCORDANCE WITH THE HARDWARE COMPONENT MANUFACTURER'S
REQUIREMENTS.

1.13  DELIVERY, STORAGE, AND HANDLING

A. PROVIDE FACTORY-SHIPPING CARTONS FOR EACH PIECE OF EQUIPMENT AND CONTROL DEVICE.
MAINTAIN CARTONS DURING SHIPPING, STORAGE AND HANDLING AS REQUIRED TO PREVENT EQUIPMENT
DAMAGE, AND TO ELIMINATE DIRT AND MOISTURE FROM EQUIPMENT. STORE EQUIPMENT AND
MATERIALS INSIDE AND PROTECT FROM CONSTRUCTION WORK AND WEATHER.

1.14  LISTING AND LABELING

A. THE BAS AND COMPONENTS SHALL BE LISTED BY UNDERWRITERS LABORATORIES (UL
916) AS AN ENERGY MANAGEMENT SYSTEM.

THE FOLLOWING SHOULD ONLY BE INCLUDED WHEN IT IS APPLICABLE, NAMELY WHEN THE
SYSTEM IS PART OF AN ENGINEERED SMOKE CONTROL SYSTEM. SMOKE CONTROL AND FIRE
ALARM SYSTEMS SHOULD BE SEGREGATED FROM THE BAS IN ANY NEW INSTALLATIONS.
MODIFY THE APPLICABILITY OF THIS LISTING AS APPROPRIATE.

B. THE BAS SHALL BE LISTED BY UNDERWRITERS LABORATORIES (UUKL 864) FOR
SUPERVISED SMOKE CONTROL.
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Part 11. PART 2 - PRODUCTS

201 MATERIALS AND EQUIPMENT

A. MATERIALS SHALL BE NEW, THE BEST OF THEIR RESPECTIVE KINDS WITHOUT
IMPERFECTIONS OR BLEMISHES AND SHALL NOT BE DAMAGED IN ANY WAY. USED
EQUIPMENT SHALL NOT BE USED IN ANY WAY FOR THE PERMANENT INSTALLATION
EXCEPT WHERE DRAWINGS OR SPECS SPECIFICALLY ALLOW EXISTING MATERIALS TO
REMAIN IN PLACE.

202 UNIFORMITY

A. TO THE EXTENT PRACTICAL, ALL EQUIPMENT OF THE SAME TYPE SERVING THE SAME
FUNCTION SHALL BE IDENTICAL AND FROM THE SAME MANUFACTURER

Part Ill.  PART 3 - EXECUTION

301 INSPECTION

A. EXAMINE AREAS AND CONDITIONS UNDER WHICH CONTROL SYSTEMS ARE TO BE
INSTALLED. DO NOT PROCEED WITH WORK UNTIL UNSATISFACTORY CONDITIONS HAVE
BEEN CORRECTED IN MANNER ACCEPTABLE TO INSTALLER.

302 INSTALLATION OF CONTROL SYSTEMS

A. GENERAL: INSTALL SYSTEMS AND MATERIALS IN ACCORDANCE WITH MANUFACTURER'S
INSTRUCTIONS, ROUGHING-IN DRAWINGS AND DETAILS SHOWN ON DRAWINGS.

B. REFER TO ADDITIONAL REQUIREMENTS IN OTHER SECTIONS OF THIS SPECIFICATION.

303 CONTROL PANELS, CONTROLLER QUANTITY AND LOCATION

A CONTROL PANELS SHALL CONSIST OF ONE OR MULTIPLE CONTROLLERS TO MEET
REQUIREMENTS OF THIS SPECIFICATION. CONTROL PANELS SHALL BE WALL MOUNTED
WITHIN MECHANICAL EQUIPMENT ROOMS. IN NO CASE SHALL PANELS, OTHER THAN
TERMINAL UNIT CONTROLLERS, BE LOCATED ABOVE CEILINGS. CONTROL PANELS FOR
LIGHTING CONTROL MAY BE LOCATED IN THE ELECTRICAL EQUIPMENT ROOM SERVED BY
THE CONTROL PANEL ONLY WITH PRIOR APPROVAL FROM UCB.

B. RESTRICTIONS IN APPLYING CONTROLLERS ARE SPECIFIED IN SECTION 15953 {23 0903}:
BAS FIELD PANELS. THIS CONTRACTOR SHALL EXTEND POWER TO THE CONTROL PANEL
FROM AN ACCEPTABLE POWER PANEL. IF THE CONTROL CONTRACTOR WISHES TO
FURTHER DISTRIBUTE PANELS TO OTHER LOCATIONS, CONTROL CONTRACTOR IS
RESPONSIBLE FOR EXTENDING POWER TO THAT LOCATION ALSO. FURTHERMORE,
CONTRACTOR IS RESPONSIBLE FOR ENSURING ADEQUATE LOCATIONS FOR THE PANELS
THAT DO NOT INTERFERE WITH OTHER REQUIREMENTS OF THE PROJECT AND MAINTAIN
ADEQUATE CLEARANCE FOR MAINTENANCE ACCESS.
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C. IT 1S THE CONTRACTOR'S RESPONSIBILITY TO PROVIDE ENOUGH CONTROLLERS TO

3.04

3.05

ENSURE A COMPLETELY FUNCTIONING SYSTEM, ACCORDING TO THE POINT LIST AND
SEQUENCE OF OPERATIONS.

FOR ROOFTOP AHUS AND ERUS, CONTROLLERS RATED FOR USE OUTSIDE THE BUILDING
ENVELOPE SHALL BE MOUNTED INSIDE THE UNIT CASINGS. IF ADEQUATE SPACE IS NOT
AVAILABLE FOR INSTALLATION OF THE CONTROLLERS PER THE MANUFACTURER’S
RECOMMENDATIONS, THEY SHALL BE INSTALLED IN NEMA4X ENCLOSURES ADJACENT
TO THE UNIT SERVED. FOR ALL OTHER CONTROLLERS SERVING ROOFTOP EQUIPMENT
COORDINATE WITH UCB FOR CONTROL PANEL LOCATION, TYPICALLY WITHIN THE
BUILDING ENVELOPE DIRECTLY BELOW EQUIPMENT SERVED IN AN ACCESSIBLE
LOCATION.

CONTROLLERS FOR TERMINAL EQUIPMENT:

1. FOREQUIPMENT LOCATED IN THE CONDITIONED SPACE, CONTROLLERS SHALL BE
MOUNTED INSIDE THE UNIT ENCLOSURE. WHERE SUFFICIENT MOUNTING SPACE IS
NOT AVAILABLE INSIDE THE UNIT ENCLOSURE, A CONTROL PANEL SHALL BE
INSTALLED ABOVE THE DROP CEILING, INSIDE THE ROOM, AS CLOSE TO THE ROOM
SPACE SENSOR AS POSSIBLE. COORDINATE WITH UCB TO CLARIFY ACCEPTABLE
MOUNTING LOCATIONS.

2. FOREQUIPMENT LOCATED ABOVE THE DROP CEILING, CONTROLLERS SHALL BE UNIT
MOUNTED. (NOTIFY UCB IF 36” CLEARANCE IN FRONT OF CONTROL PANEL HAS NOT
OR CANNOT BE PROVIDED.) PROVIDE ADHESIVE BACKED CEILING LABELS, AFFIXED
TO CEILING GRID BELOW ALL CEILING CONCEALED CONTROLLERS, AFFIX TO CEILING
PANEL ACCESS DOOR FOR SOLID CEILINGS.

LAMINATED CONTROL DRAWINGS, INCLUDING SYSTEM CONTROL SCHEMATICS,
SEQUENCES OF OPERATION AND PANEL TERMINATION DRAWINGS, SHALL BE PROVIDED IN
PANELS FOR MAJOR PIECES OF EQUIPMENT. TERMINAL UNIT DRAWINGS SHALL BE
LOCATED IN THE CENTRAL PLANT EQUIPMENT PANEL OR MECHANICAL ROOM PANEL.

SURGE PROTECTION

A

THE CONTRACTOR SHALL FURNISH AND INSTALL ANY POWER SUPPLY SURGE
PROTECTION, FILTERS, ETC. AS NECESSARY FOR PROPER OPERATION AND PROTECTION OF
ALL BCs, AAC/ASCS OPERATOR INTERFACES, PRINTERS, ROUTERS, GATEWAYS AND
OTHER HARDWARE AND INTERFACE DEVICES. ALL EQUIPMENT SHALL BE CAPABLE OF
HANDLING VOLTAGE VARIATIONS 10% ABOVE OR BELOW MEASURED NOMINAL VALUE,
WITH NO AFFECT ON HARDWARE, SOFTWARE, COMMUNICATIONS, AND DATA STORAGE.

DEMOLITION AND REUSE OF EXISTING MATERIALS AND EQUIPMENT
{INCLUDE AND EDIT IF APPLICABLE}

A

CONTRACTOR SHALL ASSUME THAT EXISTING EQUIPMENT THAT SPECIFICALLY IS
INDICATED TO BE REUSED IS IN GOOD CONDITION AND IS OPERABLE. COORDINATE WITH
UCB FOR CLARIFICATION OF REUSABLE EQUIPMENT. CONTRACTOR, DURING THE
COURSE OF WORK, SHALL INSPECT THESE DEVICES AND DETERMINE IF ANY DEVICES ARE
IN NEED OF REPLACEMENT OR REPAIR. CONTRACTOR SHALL PREPARE AN ITEMIZED LIST
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OF SUGGESTED REPAIRS/REPLACEMENT. THIS REPAIR/REPLACEMENT WILL BE AT THE
DISCRETION OF THE UNIVERSITY.

B. EXISTING WIRE, CONDUIT, AND CONTROL PANEL CABINETS MAY BE REUSED AT THE
UNIVERSITY PROJECT ENGINEER’S DISCRETION, BUT ONLY IF SUCH MATERIALS OR
EQUIPMENT COMPLY WITH THE APPLICABLE SPECIFICATION FOR NEW MATERIALS AND
EQUIPMENT. SUCH MATERIALS SHALL NOT BE REUSED IF VISIBLY DAMAGED OR
OTHERWISE UNSUITABLE FOR THE INTENDED SERVICE.

C. WHERE SUCH MATERIALS ARE REUSED, THE CONTRACTOR’S SHOP DRAWINGS SHALL
REFLECT THE EXISTING WIRING DESIGNATION. IF EXISTING LABELING IS ILLEGIBLE OR
OTHERWISE DOES NOT COMPLY WITH THE APPLICABLE SPECIFICATION FOR LABELING,
WIRING RUNS SHALL BE RELABELED IN ACCORDANCE WITH THE REQUIREMENTS
SPECIFIED ELSEWHERE.

D. EXISTING PNEUMATIC TUBING AND TUBING CONDUIT LOCATED BETWEEN THE EXISTING
BAS PANELS AND THE PNEUMATIC OPERATORS MAY BE REUSED AS LONG AS SUCH
MATERIALS COMPLY WITH THE APPLICABLE SPECIFICATION FOR NEW MATERIALS.
MATERIALS SHALL NOT BE REUSED IF VISIBLY DAMAGED OR OTHERWISE UNSUITABLE
FOR THE INTENDED SERVICE. ALL PNEUMATIC TUBING TO BE REUSED SHALL BE
PRESSURE TESTED AND ALL LEAKS SHALL BE REPAIRED. ALL REUSED PNEUMATIC
TUBING SHALL BE PURGED WITH DRY AIR OR NITROGEN.

E. THE EXISTING PNEUMATIC MAIN AIR SUPPLY SYSTEM SHALL BE MODIFIED AS REQUIRED
AND REUSED TO SERVE EXISTING PNEUMATIC CONTROLS THAT ARE TO REMAIN, AND
SHALL BE EXTENDED AS NECESSARY TO SERVE NEW PNEUMATIC CONTROLS. WHERE
EXISTING PNEUMATIC CONTROLS ARE REMOVED, MAIN AIR PIPING SHALL BE REMOVED
BACK TO THE POINT OF CONNECTION TO THE MAIN AIR SUPPLY WHICH REMAINS IN USE,
AND SHALL BE CAPPED OR PLUGGED.

F. EXISTING VALVES AND DAMPERS AND THEIR OPERATORS MAY BE REUSED ONLY WHEN
PREAPPROVED BY UNIVERSITY. CONTRACTOR SHALL LUBRICATE ALL DAMPER
LINKAGES OF DAMPERS BEING CONTROLLED UNDER THIS PROJECT.

G. OTHER MATERIALS AND EQUIPMENT NOT SPECIFICALLY MENTIONED HEREIN MAY BE
REUSED ONLY IF SPECIFICALLY ALLOWED BY INDICATIONS ON THE DRAWINGS AND
APPROVED BY UCB.

H. FOR HVAC SYSTEMS WHICH ARE INDICATED TO RECEIVE A NEW BAS, ALL EXISTING
MATERIALS AND EQUIPMENT ASSOCIATED WITH THE EXISTING PNEUMATIC CONTROLS
AND EMCS SHALL BE REMOVED UNLESS OTHERWISE SPECIFIED OR INDICATED TO
REMAIN, OR UNLESS REUSED IN ACCORDANCE WITH THE ABOVE REQUIREMENTS, EXCEPT
FOR THE FOLLOWING:

1. CONDUIT AND ELECTRICAL BOXES (BUT NOT WIRING WITHIN CONDUIT) MAY
REMAIN IN PLACE IF NOT REUSED (LEAVE A PULL LINE);

2. INACCESSIBLE PNEUMATIC TUBING MAY REMAIN IN PLACE IF NOT REUSED. TUBING
MUST BE SEALED AND PERMANENTLY LABELED AS “ABANDONED IN PLACE”.

EXISTING MATERIALS AND EQUIPMENT TO BE REMOVED SHALL BE REMOVED SUBJECT TO
THE REQUIREMENTS IN PARAGRAPH “SEQUENCE OF WORK”. FOR HVAC SYSTEMS,
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WHICH ARE NOT TO RECEIVE A NEW DDC BAS, THE EXISTING PNEUMATIC CONTROL
SYSTEM SHALL REMAIN FULLY FUNCTIONAL.

INCLUDE AND EDIT THE FOLLOWING ONLY WHEN APPLICABLE.

3.06 SEQUENCE OF WORK FOR EXISTING SYSTEMS CONVERSION

A

GENERAL: ALL WORK INVOLVING CHANGEOVER OF CONTROL FUNCTIONS FROM
EXISTING PNEUMATIC CONTROL SYSTEM TO THE NEW DDC BAS SHALL BE PERFORMED
IN ACCORDANCE WITH THE FOLLOWING SEQUENCE IN ORDER TO MINIMIZE THE
DURATION OF EQUIPMENT OUTAGES. THE FOLLOWING DESCRIPTIONS ARE INTENDED TO
INDICATE THE SEQUENCE IN WHICH THE WORK SHALL BE PERFORMED, NOT TO DEFINE
FULLY THE SCOPE OF THE WORK.

INSTALL OPERATOR’S TERMINAL, PERIPHERALS, GRAPHIC SOFTWARE, AND LAN PRIOR
TO PLACING ANY EQUIPMENT UNDER THE CONTROL OF THE NEW BAS.

WORK WHICH REQUIRES SHUTTING DOWN A PUMP MOTOR, FAN MOTOR, OR CHILLER
SHALL BE CONSIDERED A UTILITY SHUTDOWN AND SHALL BE SUBJECT TO THE
RESTRICTIONS SPECIFIED IN UCB’S POWER OUTAGE PROTOCOL “UCB OUTAGE
NOTIFICATION PROTOCOL”.

THE FOLLOWING SEQUENCE APPLIES TO AN INDIVIDUALLY CONTROLLED HVAC
SUBSYSTEM, SUCH AS AN AIR HANDLING UNIT. ONLY ONE SUCH SYSTEM SHALL BE
PLACED UNDER MANUAL CONTROL (AS DESCRIBED BELOW) AT ANY GIVEN TIME.

1. INSTALL CONTROLLERS ADJACENT TO (OR WITHIN) EXISTING CONTROL PANEL.
PROGRAMMING SHALL BE COMPLETE (EXCEPT FOR LOADING AND DEBUGGING)
PRIOR TO INSTALLATION. INSTALL ALL FIELD DEVICES, WHICH DO NOT REQUIRE
INTERRUPTION OF THE EXISTING CONTROL SYSTEM.

2. INSTALL ALL CONDUIT, WIRING, AND PNEUMATIC TUBING WHICH DOES NOT
REQUIRE INTERRUPTION OF THE EXISTING CONTROL SYSTEM.

3. REMOVE EXISTING CONTROLS INCLUDING WIRING, CONDUIT, AND TUBING (EXCEPT
MATERIALS TO BE REUSED IN ACCORDANCE WITH PROVISIONS SPECIFIED
ELSEWHERE) WHICH MUST BE REMOVED TO FACILITATE INSTALLATION OF NEW BAS
MATERIALS AND EQUIPMENT.

4. REMOVE EXISTING DIGITAL CONTROL SYSTEM POINTS (IF APPLICABLE). INSTALL
AND CALIBRATE REMAINDER OF NEW BAS MATERIALS AND EQUIPMENT FOR THIS
SUBSYSTEM. LOAD CONTROLLER SOFTWARE. CONNECT CONTROLLER(S) TO LAN.

5. PERFORM ALL FIELD TESTING AND CALIBRATION THAT DOES NOT REQUIRE
CONNECTION OF PERMANENT PNEUMATIC OUTPUTS.

6. REMOVE REMAINING EXISTING PNEUMATIC AND DIGITAL CONTROL SYSTEM
MATERIALS AND EQUIPMENT (EXCEPT MATERIALS TO BE REUSED IN ACCORDANCE
WITH PROVISIONS SPECIFIED ELSEWHERE). ALL EXISTING DIGITAL CONTROLS
EQUIPMENT FOR THOSE SUBSYSTEMS THAT HAVE NOT YET BEEN CONVERTED SHALL
REMAIN INTACT, ON-LINE, AND FULLY FUNCTIONAL.

7. SCHEDULE WORK IN UNIVERSITY OCCUPIED SPACES 10 WORKING DAYS IN ADVANCE
WITH THE UNIVERSITY’S REPRESENTATIVE. SCHEDULING SHALL NOT BE REQUIRED
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FOR WORK IN EQUIPMENT ROOMS, ELECTRICAL CLOSETS, AND SIMILAR SERVICE
AREAS.

307 CONTROL POWER SOURCE AND SUPPLY

A. SECTION 15950 {23 0900} CONTRACTOR SHALL EXTEND ALL POWER SOURCE WIRING
REQUIRED FOR OPERATION OF ALL EQUIPMENT AND DEVICES PROVIDED UNDER SECTIONS
15950 {23 0900} THROUGH 15955 {23 0905} AND SEQUENCES OF OPERATION.

B. GENERAL REQUIREMENTS FOR OBTAINING POWER INCLUDE THE FOLLOWING:

1.

3.

ALL CONTROL PANELS SHALL BE SERVED BY DEDICATED POWER CIRCUITS. BC
CONTROL PANELS SHALL ADDITIONALLY BE PROVIDED WITH EXTERNAL UPS POWER
SUPPLIES TO MEET THE REQUIREMENTS FOR BC POWER FAILURE OPERATION IN
SECTION 15954 {23 0904}. CONTROL PANEL SHALL BE LABELED WITH ELECTRICAL
PANEL & CIRCUIT SOURCE.

WHERE A CONTROLLER CONTROLS MULTIPLE SYSTEMS ON VARYING LEVELS OF
POWER RELIABILITY (NORMAL, EMERGENCY, AND/OR INTERRUPTIBLE), THE
CONTROLLER SHALL BE POWERED BY THE HIGHEST LEVEL OF RELIABILITY SERVED.

STANDALONE FUNCTIONALITY: REFER TO SECTION 15953 {23 0903}.

THE FOLLOWING APPLIES TO REPAIR/RENOVATION WORK WHERE DEDICATED POWER CIRCUITS ARE NOT AVAILABLE.

4,

OBTAIN POWER FROM A SOURCE THAT FEEDS THE EQUIPMENT BEING CONTROLLED
SUCH THAT BOTH THE CONTROL COMPONENT AND THE EQUIPMENT ARE POWERED
FROM THE SAME PANEL. WHERE EQUIPMENT IS POWERED FROM A 460V SOURCE,
OBTAIN POWER FROM THE ELECTRICALLY MOST PROXIMATE 120V SOURCE FED
FROM A COMMON ORIGIN.

WHERE CONTROL EQUIPMENT IS LOCATED INSIDE A NEW EQUIPMENT ENCLOSURE,
COORDINATE WITH THE EQUIPMENT MANUFACTURER AND FEED THE CONTROL WITH
THE SAME SOURCE AS THE EQUIPMENT. IF THE EQUIPMENT’S CONTROL
TRANSFORMER IS LARGE ENOUGH AND OF THE CORRECT VOLTAGE TO SUPPLY THE
CONTROLS IT MAY BE USED. IF THE EQUIPMENT’S CONTROL TRANSFORMER IS NOT
LARGE ENOUGH OR OF THE CORRECT VOLTAGE TO SUPPLY THE CONTROLS PROVIDE
SEPARATE TRANSFORMER

3.08 BAS START UP, COMMISSIONING AND TRAINING
A. REFER TO SECTION 15959 {23 0801} — BAS COMMISSIONING

309 SEQUENCE OF OPERATION
A REFER TO SECTION 15958 {23 0993} - SEQUENCES OF OPERATION
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M15951 - BAS BASIC MATERIALS, INTERFACE
DEVICES, AND SENSORS
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Part I.
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CONTROL VALVES AND ACTUATORS

CONTROL DAMPERS AND ACTUATORS

CONTROL PANELS

SENSORS

FLOW METER

[PNEUMATIC CONTROL COMPONENTS (GAUGES, SWITCHES, RELAYS, ETC.)]

ELECTRIC CONTROL COMPONENTS (SWITCHES, EP VALVES, THERMOSTATS, RELAYS,
SMOKE DETECTORS, ETC.)

TRANSDUCERS

AIR FLOW MEASURING STATIONS
CURRENT SWITCHES
NAMEPLATES
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RELATED DOCUMENTS
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SECTION {INSERT APPLICABLE SPECIFICATION SECTION} - BASIC MECHANICAL
REQUIREMENTS

SECTION 15950 - BUILDING AUTOMATION SYSTEM (BAS) GENERAL
SECTION 23 0900 — BUILDING AUTOMATION SYSTEM (BAS) GENERAL
SECTION 15952 - BAS OPERATOR INTERFACES

SECTION 23 0902 - BAS OPERATOR INTERFACES

SECTION 15953 - BAS FIELD PANELS

SECTION 23 0903 - BAS FIELD PANELS

SECTION 15954 - BAS COMMUNICATIONS DEVICES

SECTION 23 0904 - BAS COMMUNICATION DEVICES

SECTION 15955 - BAS SOFTWARE

SECTION 23 0905 - BAS SOFTWARE AND PROGRAMMING

SECTION 15958 - SEQUENCES OF OPERATION

SECTION 23 0993 - SEQUENCES OF OPERATION

SECTION 15959 - BAS COMMISSIONING

SECTION 23 0801 - BAS COMMISSIONING
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1.03 DESCRIPTION OF WORK

A
B.

REFER TO SECTION 15950 {23 0900} FOR GENERAL REQUIREMENTS.

REFER TO OTHER DIVISION-15 SECTIONS FOR INSTALLATION OF INSTRUMENT WELLS,
VALVE BODIES, AND DAMPERS IN MECHANICAL SYSTEMS; NOT WORK OF THIS SECTION.

PROVIDE THE FOLLOWING ELECTRICAL WORK AS WORK OF THIS SECTION, COMPLYING
WITH REQUIREMENTS OF DIVISION-16 SECTIONS:

1. CONTROL WIRING BETWEEN FIELD-INSTALLED CONTROLS, INDICATING DEVICES,
AND UNIT CONTROL PANELS.

2. INTERLOCK WIRING BETWEEN ELECTRICALLY INTERLOCKED DEVICES, SENSORS,
AND BETWEEN A HAND OR AUTO POSITION OF MOTOR STARTERS AS INDICATED FOR
ALL MECHANICAL AND CONTROLS.

3. WIRING ASSOCIATED WITH INDICATING AND ALARM PANELS (REMOTE ALARM
PANELS) AND CONNECTIONS TO THEIR ASSOCIATED FIELD DEVICES.

4.  ALL OTHER NECESSARY WIRING FOR FULLY COMPLETE AND FUNCTIONAL CONTROL
SYSTEM AS SPECIFIED.

1.04  WORKBY OTHERS

A.

Part Il.

CONTROL VALVES FURNISHED UNDER THIS SECTION SHALL BE INSTALLED UNDER THE
APPLICABLE PIPING SECTION UNDER THE DIRECTION OF SECTION 15951 {23 0913}
CONTRACTOR WHO WILL BE FULLY RESPONSIBLE FOR THE PROPER OPERATION OF THE
VALVE.

CONTROL DAMPERS FURNISHED UNDER THIS SECTION SHALL BE INSTALLED UNDER THE
APPLICABLE AIR DISTRIBUTION OR AIR HANDLING EQUIPMENT SECTION UNDER THE
DIRECTION OF SECTION 15951 {23 0913} CONTRACTOR WHO WILL BE FULLY
RESPONSIBLE FOR THE PROPER OPERATION OF THE DAMPER

WATER PRESSURE TAPS, THERMAL WELLS, FLOW SWITCHES, FLOW METERS, ETC. THAT
WILL HAVE WET SURFACES, SHALL BE INSTALLED UNDER THE APPLICABLE PIPING
SECTION UNDER THE DIRECTION OF SECTION 15951 {23 0913} CONTRACTOR WHO WILL
BE FULLY RESPONSIBLE FOR THE PROPER INSTALLATION AND APPLICATION.

CONTROLLED EQUIPMENT POWER WIRING SHALL BE FURNISHED AND INSTALLED UNDER
DIVISION 16. WHERE CONTROL INVOLVES 120V CONTROL DEVICES CONTROLLING 120V
EQUIPMENT, DIVISION 16 CONTRACTOR SHALL EXTEND POWER WIRING TO THE
EQUIPMENT AND CONTROL PANEL. SECTION 15951 {23 0913} CONTRACTOR SHALL
EXTEND IT FROM THE EQUIPMENT TO THE CONTROL DEVICE AND PROVIDE TRANSFORMERS
AS NECESSARY TO STEP THE VOLTAGE DOWN.

PART 2 - PRODUCTS

2.00 APPROVED VENDORS

A.

THE APPROVED VENDORS ARE:
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ANDOVER
AUTOMATED LoGIC (ALC)

201 MATERIALS AND EQUIPMENT

A.

GENERAL: PROVIDE ELECTRONIC [PNEUMATIC,] [AND] [ELECTRIC] CONTROL PRODUCTS
IN SIZES AND CAPACITIES INDICATED, CONSISTING OF VALVES, DAMPERS, THERMOSTATS,
CLOCKS, CONTROLLERS, SENSORS, AND OTHER COMPONENTS AS REQUIRED FOR
COMPLETE INSTALLATION AND REVIEWED AND APPROVED BY UC. EXCEPT AS OTHERWISE
INDICATED, PROVIDE MANUFACTURER'S STANDARD MATERIALS AND COMPONENTS AS
PUBLISHED IN THEIR PRODUCT INFORMATION; DESIGNED AND CONSTRUCTED AS
RECOMMENDED BY MANUFACTURER, AND AS REQUIRED FOR APPLICATION INDICATED.

INSTRUMENT PIPE AND TUBE
HYDRONIC AND INSTRUMENTS

1.

a)

b)

d)

e)

CONNECTION TO MAIN PIPING: PIPE FITTER TO PROVIDE %2 INCH MINIMUM SIZE
THREADOLET, %2” X 2 INCH BRASS NIPPLE, AND %2” BALL VALVE FOR
CONNECTION TO WELDED STEEL PIPING. PROVIDE TEE FITTING FOR OTHER
TYPES OF PIPING.

REMOTE INSTRUMENTS: ADAPT FROM BALL VALVE TO SPECIFIED TUBING AND
EXTEND TO REMOTE INSTRUMENTS. PROVIDE A UNION OR OTHERWISE
REMOVABLE FITTING AT BALL VALVE SO THAT CONNECTION TO MAIN CAN BE
CLEANED WITH STRAIGHT ROD. WHERE MANIFOLDS WITH TEST PORTS ARE NOT
PROVIDED FOR INSTRUMENT, PROVIDE TEES WITH ¥ FPT BRANCH WITH PLUG
FOR USE AS TEST PORT. ADAPT FROM TUBING SIZE TO INSTRUMENT
CONNECTION.

LINE MOUNTED INSTRUMENTS: EXTEND RIGID PIPING FROM BALL VALVE TO
INSTRUMENT. DO NOT USE CLOSE OR RUNNING THREAD NIPPLES. ADAPT FROM
BALL VALVE OUTLET TO INSTRUMENT CONNECTION SIZE. PROVIDE A PLUGGED
TEE IF PIPE MAKES 90 DEGREE BEND AT OUTLET OF VALVE TO ALLOW
CLEANING OF CONNECTION TO MAIN WITH STRAIGHT ROD WITHOUT REMOVING
INSTRUMENT.

INSTRUMENT TUBING: SEAMLESS COPPER TUBING, TYPEK OR L, ASTM B 88;
WITH CAST-BRONZE SOLDER JOINT FITTINGS, ANSI B1.18; OR WROUGHT-
COPPER SOLDER-JOINT FITTINGS, ANSI B16.22; OR BRASS COMPRESSION-TYPE
FITTINGS. SOLDER SHALL BE 95/5 TIN ANTIMONY, OR OTHER SUITABLE LEAD
FREE COMPOSITION SOLDER. TUBING OD SIZE SHALL BE NOT LESS THAN THE
LARGER OF ¥4” OR THE INSTRUMENT CONNECTION SIZE.

RIGID PIPING FOR LINE MOUNTED INSTRUMENTS: SCHEDULE 40 THREADED
BRASS, WITH THREADED BRASS FITTINGS.

LOow PRESSURE AIR INSTRUMENT SENSING LINES

a)

CONNECTIONS: USE SUITABLE BULKHEAD TYPE FITTING AND STATIC SENSING
TIP FOR STATIC PRESSURE CONNECTIONS. ADAPT TUBING TO INSTRUMENT
CONNECTION.
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b) TUBING: VIRGIN POLYETHYLENE NON-METALLIC TUBING TYPE FR, ASTM D
2737, AND WITH FLAME-RETARDANT HARNESS FOR MULTIPLE TUBING. USE
COMPRESSION OR PUSH-ON BRASS FITTINGS.

C. COMMUNICATION WIRING: ALL WIRING SHALL BE IN ACCORDANCE WITH
MANUFACTURER’S REQUIREMENTS, NATIONAL ELECTRICAL CODES AND DIVISION 16 OF
THIS SPECIFICATION. ALL WIRE INSULATION SHALL BE COLOR-CODED AND LABELED FOR
EASE OF IDENTIFICATION.

1. CONTRACTOR SHALL SUPPLY ALL COMMUNICATION WIRING BETWEEN BUILDING
CONTROLLERS, ROUTERS, GATEWAYS, AAC’S, ASC’S AND LOCAL AND REMOTE
PERIPHERALS (E.G., OPERATOR WORKSTATIONS, PRINTERS, AND MODEMS).

2. LocAL SUPERVISORY LAN: FOR ANY PORTIONS OF THIS NETWORK REQUIRED
UNDER THIS SECTION OF THE SPECIFICATION, CONTRACTOR SHALL USE FIBER OR
CATEGORY 5E OF STANDARD TIA/EIA (100/1000BASET). NETWORK SHALL BE RUN
WITH NO SPLICES AND IN SEPARATE CONDUIT FROM ANY OTHER WIRING.

3. PRIMARY AND SECONDARY CONTROLLER LANS: COMMUNICATION WIRING SHALL
BE INDIVIDUALLY 100% SHIELDED PAIRS PER MANUFACTURERS
RECOMMENDATIONS FOR DISTANCES INSTALLED, WITH OVERALL PVC COVER,
CLASS 2, PLENUM-RATED RUN WITH NO SPLICES AND SEPARATE FROM ANY OTHER
WIRING. SHIELD SHALL BE TERMINATED AND WIRING SHALL BE GROUNDED AS
RECOMMENDED BY BC MANUFACTURER.

D. SIGNAL WIRING: CONTRACTOR SHALL RUN ALL SIGNAL WIRING IN ACCORDANCE WITH
NATIONAL ELECTRIC CODES, DIVISION 16 OF THIS SPECIFICATION AND WITHIN THE
ALLOWANCES OF UCB’S WIRING GUIDELINE. ALL SIGNAL WIRE SHALL BE RAN IN ORANGE
CONDUIT FOR ANDOVER CONTROLS, BLUE FOR PHOENIX CONTROLS, IN AREAS NOT
VIEWED BY THE GENERAL PUBLIC AND THE WIRING NEEDS TO BE LABELED FOR EASE OF
IDENTIFICATION; ANY OTHER CONTROLS APPLICATIONS NOT LISTED PRIOR WILL HAVE
COLOR DETERMINED DURING DESIGN. ALL WIRE INSULATION SHALL BE COLOR-CODED
AND LABELED FOR EASE OF IDENTIFICATION.

1.  SIGNAL WIRING TO ALL FIELD DEVICES, INCLUDING, BUT NOT LIMITED TO, ALL
SENSORS, TRANSDUCERS, TRANSMITTERS, SWITCHES, ETC. SHALL BE PER
MANUFACTURER’S REQUIREMENTS. SIGNAL WIRING SHALL BE RUN WITH NO
SPLICES AND SEPARATE FROM ALL OTHER WIRING ABOVE THIRTY (30) VOLTS.

2. SIGNAL WIRING SHIELD SHALL BE GROUNDED AT CONTROLLER END ONLY UNLESS
OTHERWISE RECOMMENDED BY THE CONTROLLER MANUFACTURER.

E. Low VOLTAGE ANALOG OUTPUT WIRING: CONTRACTOR SHALL RUN ALL LOW VOLTAGE
CONTROL WIRING IN ACCORDANCE WITH NATIONAL ELECTRIC CODES AND DIVISION 16
OF THIS SPECIFICATION. ALL WIRE INSULATION SHALL BE COLOR-CODED AND LABELED
FOR EASE OF IDENTIFICATION.

1. LOW VOLTAGE CONTROL WIRING SHALL BE PER MANUFACTURER’S REQUIREMENTS.
LOW VOLTAGE CONTROL WIRING SHALL BE RUN WITH NO SPLICES SEPARATE FROM
ANY WIRING ABOVE THIRTY (30) VOLTS.

F. CONTROL PANELS: PROVIDE CONTROL PANELS WITH SUITABLE BRACKETS FOR WALL
MOUNTING FOR EACH CONTROL SYSTEM. LOCATE PANEL ADJACENT TO SYSTEMS SERVED.

1. FABRICATE PANELS OF 16-GAGE FURNITURE-GRADE STEEL, OR 6063-T5 EXTRUDED
ALUMINUM ALLOY, TOTALLY ENCLOSED ON FOUR SIDES, WITH HINGED DOOR AND
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KEYED LOCK, WITH MANUFACTURER'S STANDARD SHOP- PAINTED FINISH AND
COLOR.

2. PROVIDE UL-LISTED CABINETS FOR USE WITH LINE VOLTAGE DEVICES.

3. CONTROL PANEL SHALL BE COMPLETELY WIRED PRIOR TO DELIVERY AND ALL
ELECTRICAL CONNECTIONS MADE TO A LABELED TERMINAL STRIP. CONTROL PANEL
SHALL HAVE STANDARD MANUFACTURER'S COLOR.

4.  ALL GAUGES AND CONTROL COMPONENTS SHALL BE IDENTIFIED BY MEANS OF
NAMEPLATES.

5. ALL CONTROL TUBING AND WIRING SHALL BE RUN NEATLY AND ORDERLY IN OPEN
SLOT WIRING DUCT WITH COVER.

6. COMPLETE WIRING AND TUBING TERMINATION DRAWINGS SHALL BE MOUNTED IN
OR ADJACENT TO PANEL.

2.02 CONTROL VALVES

A.

GENERAL: PROVIDE FACTORY FABRICATED CONTROL VALVES OF TYPE, BODY MATERIAL
AND PRESSURE CLASS INDICATED. THEY SHALL BE TWO-WAY OR THREE-WAY TYPE FOR
TWO-POSITION OR MODULATING SERVICE AS SCHEDULED, SHOWN ON DRAWINGS, OR AS
SPECIFIED IN SEQUENCE OF OPERATION.

CLOSE-OFF (DIFFERENTIAL) PRESSURE RATING: VALVE ACTUATOR AND TRIM SHALL BE
FURNISHED TO PROVIDE THE FOLLOWING MINIMUM CLOSE-OFF PRESSURE RATINGS:

1.  WATER VALVES:
a) TWO-WAY - 150% OF TOTAL SYSTEM (PUMP) HEAD.

b) THREE-WAY - 300% OF PRESSURE DIFFERENTIAL BETWEEN PORTS A AND B AT
DESIGN FLOW OR 100% OF TOTAL SYSTEM (PUMP) HEAD.

2. STEAM VALVES:
a) 150% OF OPERATING (INLET) PRESSURE.

WATER VALVES: [THE DESIGNER SHALL PROVIDE A SCHEDULE FOR THE CONTROLS
CONTRACTOR LISTING THE AVAILABLE PRESSURE DROP TO BE USED FOR VALVE SIZING
FOR EACH CONTROL VALVE IN THE PROJECT, UNLESS IT IS A REVERSE-RETURN SYSTEM. IT
ISNOT ACCEPTABLE TO LIST A SINGLE PRESSURE DROP TO BE USED FOR ALL VALVES. FOR
A PIPING SYSTEM IN WHICH MODULATED TWO-WAY VALVES ARE USED, FOR EXAMPLE,
THE VALVES NEAREST THE PUMP WILL HAVE A LARGER AVAILABLE PRESSURE DROP THAN
THOSE FARTHER AWAY FROM THE PUMP.]

1. BODY AND TRIM STYLE AND MATERIALS SHALL BE PER MANUFACTURER'S
RECOMMENDATIONS FOR DESIGN CONDITIONS AND SERVICE SHOWN, WITH EQUAL
PERCENTAGE PORTS FOR MODULATING SERVICE, EXCEPT WHERE STATED
OTHERWISE.

2.  SIZING CRITERIA:
a) TwO-POSITION SERVICE: FULL PORT LINE SIZE.

b) TwoO-WAY MODULATING SERVICE: PRESSURE DROP ACROSS THE VALVE IN A
WIDE-OPEN POSITION, WITH FULL FLOW THROUGH THE VALVE, SHALL BE
EQUAL TO 50% OF THE AVAILABLE PRESSURE DIFFERENTIAL BETWEEN THE
MAINS, WITH A MINIMUM OF 4 PSI.
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c) THREE-WAY MODULATING SERVICE: PRESSURE DROP ACROSS THE VALVE IN A
WIDE-OPEN POSITION, WITH FULL FLOW THROUGH THE VALVE, SHALL BE
EQUAL TO TWICE THE PRESSURE DROP THROUGH THE HEAT EXCHANGER
(LOAD), WITH A 3 PSI MINIMUM..

3. CONSTRUCTION:
a) VALVES %” THROUGH %" GLOBE STYLE SERVING TERMINAL UNITS, AHU COILS
AND BASEBOARD RADIATION SHALL BE:
1) HONEYWELL VP-525A OR C SERIES:
i. 2-WAY, N.O., VP-526A OR 2-wAy, N.O., VP-531A
ii. 3-wav, VP-527A
iii. CSERIES, 2-WAY, N.O. OR PREAPPROVED EQUAL (SIEMENS POWERMITES99
SERIES (ELECTRIC) OR SIEMENS POWERMITE 599 (PNEUMATIC))
b) VALVES 1" AND 1%2” FOR SEQUENCING APPLICATIONS MAY BE:
i. POWERSVP-658 (2-wAY, N.O. 0R N.C.)
ii. POWERS VP-658WM (3-WAY), VP-591 ALSO ACCEPTABLE
€) VALVES 1" THROUGH 8” GLOBE STYLE FOR CONTROL OF DIFFERENTIAL
PRESSURE SHALL BE:
1)  SIEMENS 200 SERIES ELECTRIC ACTUATORS OR PRE-APPROVED EQUAL.
d) VALVES 2" THROUGH 12” BUTTERFLY STYLE FOR CONTROL OF CONDENSER
WATER TEMPERATURE (COOLING TOWER BYPASS) SHALL BE:
1)  SIEMENS 2-WAY BUTTERFLY ASSEMBLIES WITH SIEMENS ELECTRIC
ACTUATORS OR PRE-APPROVED EQUAL.
e) VALVES 2" THROUGH 12” SINGLE BUTTERFLY STYLE TWO-POSITION OR
MODULATED APPLICATIONS SHALL BE:
1)  JOHNSON VF SERIES POWERS/SIEMENS BV2W SERIES WITH ELECTRIC
ACTUATOR OR PRE-APPROVED EQUAL.
4.  WATER VALVES SHALL FAIL AS SPECIFIED IN THE CONTROL SEQUENCES SECTION.
5. EVAPORATIVE COOLER DRAIN AND FILL VALVES:
a) VALVE NORMAL POSITION SHALL BE AS SHOWN ON THE DRAWINGS.
6. FORSYSTEMS WITH GLYCOL SOLUTIONS, PROVIDE DOCUMENTATION THAT THE
VALVE COMPONENTS IN CONTACT WITH THE FLUID ARE COMPATIBLE WITH IT.
D. WATER VALVES — PRESSURE INDEPENDENT:
1. ACCEPTABLE BRANDS:
a) DELTA-P
b) BELIMO
c) DANFOss

THE TAPS ON THE PRESSURE INDEPENDENT VALVES ARE TO BE USED FOR TESTING PURPOSES ONLY,
NO EXCEPTIONS. PROVIDE TWO EXTERNAL TAPS ON THE LINE, PIPED WITH ISOLATION VALVES, FOR
INSTALLATION OF THE DIFFERENTIAL PRESSURE TRANSMITTER ACROSS THE VALVE.
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STEAM VALVES:

1. BODY AND TRIM MATERIALS SHALL BE PER MANUFACTURER'S RECOMMENDATIONS
FOR DESIGN CONDITIONS AND SERVICE, EXCEPT STAINLESS STEEL SEATS ARE
REQUIRED FOR ALL APPLICATIONS. EQUAL PERCENTAGE PORTS FOR MODULATING
SERVICE.

2.  SIZING CRITERIA:

a)
b)
c)
d)

TWO-POSITION SERVICE - PRESSURE DROP 10 TO 20% OF INLET PSIG.
MODULATING SERVICE - 15 PSIG OR LESS. PRESSURE DROP 80% OF INLET PSIG.
MODULATING SERVICE - 16 TO 50 PSIG. PRESSURE DROP 50% OF INLET PSIG.

MODULATING SERVICE - OVER 50 PSIG. PRESSURE DROP AS SCHEDULED ON
PLANS.

3. STEAM VALVES SHALL FAIL NORMALLY OPEN OR CLOSED AS SCHEDULED ON PLANS
OR AS FOLLOWS:

a)
b)
c)
d)

e)

LOW PRESSURE HEATING - NORMALLY OPEN.
HEATING COILS IN AIR HANDLERS - NORMALLY OPEN.
STEAM-TO-WATER CONVERTERS FOR HEATING WATER - NORMALLY CLOSED.

STEAM-TO-WATER CONVERTERS FOR DOMESTIC HOT WATER - NORMALLY
CLOSED.

HIGH-PRESSURE APPLICATIONS - AS SCHEDULED.

4. ACCEPTABLE MANUFACTURERS AS FOLLOWS:

a)

b)

GLOBE STYLE; TERMINAL UNITS, BASEBOARD RADIATION.

1) %" THROUGH ¥%”; HONEYWELL VP-525A (N.O., 2-WAY).
2) SIEBE VB-9223 (N.C., 2-WAY).

3) POWERS 591/593 (N.O. OR N.C. 2-WAY) SERIES.

GLOBE STYLE; STEAM/WATER HEAT EXCHANGERS, AHU COILS.
1) 1” THROUGH 2”; POWERS 591/593 SERIES.

2) 2 %" THROUGH 4”"; POWERS 591/593 SERIES, FISHER EASY-E SERIES,
LESLIE CLASS DLOS-2.

SMART STEAM VALVES (FOR MAINS): KEYSTONE VALVES WITH PEAKTRONICS
DHC-100 SERIES OR PRE-APPROVED EQUAL.

2.03 CONTROL DAMPERS

A.

GENERAL: PROVIDE FACTORY FABRICATED AUTOMATIC CONTROL DAMPERS OF SIZES,
VELOCITY AND PRESSURE CLASSES AS REQUIRED FOR SMOOTH, STABLE, AND
CONTROLLABLE AIR FLOW. PROVIDE PARALLEL OR OPPOSED BLADE DAMPERS AS
RECOMMENDED BY MANUFACTURERS SIZING TECHNIQUES. FOR DAMPERS LOCATED NEAR
FAN OUTLETS, PROVIDE DAMPERS RATED FOR FAN OUTLET VELOCITY AND CLOSE-OFF
PRESSURE, AND RECOMMENDED BY DAMPER MANUFACTURER FOR FAN DISCHARGE
DAMPER SERVICE. CONTROL DAMPERS USED FOR SMOKE DAMPERS SHALL COMPLY WITH
UL 555S. CONTROL DAMPERS USED FOR FIRE DAMPERS SHALL COMPLY WITH UL 555.
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B. FOR GENERAL ISOLATION AND MODULATING CONTROL SERVICE IN RECTANGULAR DUCTS

AT VELOCITIES NOT GREATER THAN 1500 FPM (7.62 M/S), DIFFERENTIAL PRESSURE NOT
GREATER THAN 2.5” W.C. (622 PA):

1. PERFORMANCE: TEST IN ACCORDANCE WITH AMCA 500.

2. FRAMES: GALVANIZED STEEL, 16-GAUGE MINIMUM THICKNESS, WELDED OR
RIVETED WITH CORNER REINFORCEMENT.

3. BLADES: STAINLESS STEEL IN LAB EXHAUSTS AND GALVANIZED STEEL ELSEWHERE,
MAXIMUM BLADE SIZE 8 INCHES (200 MM) WIDE BY 48 INCHES (1219 MM) LONG,
ATTACHED TO MINIMUM 1/2 INCH (12.7 MM) SHAFTS WITH SET SCREWS, 16 GAUGE
MINIMUM THICKNESS.

4. BLADE SEALS: SYNTHETIC ELASTOMER, MECHANICALLY ATTACHED, FIELD
REPLACEABLE.

5. JAMB SEALS: STAINLESS STEEL.

6. SHAFT BEARINGS: OIL IMPREGNATED SINTERED BRONZE, GRAPHITE IMPREGNATED
NYLON SLEEVE OR OTHER MOLDED SYNTHETIC SLEEVE, WITH THRUST WASHERS AT
BEARINGS.

7. LINKAGE: CONCEALED IN FRAME.

8. LINKAGE BEARINGS: OIL IMPREGNATED SINTERED BRONZE OR GRAPHITE
IMPREGNATED NYLON.

9. LEAKAGE: LESS THAN ONE PERCENT BASED ON APPROACH VELOCITY OF 1500
FT./MIN. (7.62 M/S) AND 1 INCHES WG. (249PA).

10. MAXIMUM PRESSURE DIFFERENTIAL: 2.5 INCHES WG. (622 PA)

11. TEMPERATURE LIMITS: -40 T0 200 °F (-40 TO 93 °C).

12. WHERE OPENING SIZE IS LARGER THAN 48 INCHES (1219 MM) WIDE, OR 72 INCHES
(1829 MM) HIGH, PROVIDE DAMPERS IN MULTIPLE SECTIONS, WITH INTERMEDIATE
FRAMES APPROPRIATE FOR INSTALLATION.

C. FOR GENERAL ISOLATION AND MODULATING CONTROL SERVICE IN RECTANGULAR DUCTS

AT VELOCITIES NOT GREATER THAN 4000 FPM (20.3 M/S), DIFFERENTIAL PRESSURE NOT
GREATER THAN 6” W.C. (1493 PA):

1.
2.

PERFORMANCE: TEST IN ACCORDANCE WITH AMCA 500.

FRAMES: GALVANIZED STEEL, 16-GAUGE MINIMUM THICKNESS, WELDED OR
RIVETED WITH CORNER REINFORCEMENT.

BLADES: EXTRUDED ALUMINUM HOLLOW AIRFOIL SHAPE, MAXIMUM BLADE SIZE 8
INCHES (200 MM) WIDE BY 48 INCHES (1219 MM) LONG, ATTACHED TO MINIMUM 1/2
INCH (12.7 MM) SHAFTS, 14 GAUGE MINIMUM EXTRUSION THICKNESS.

BLADE SEALS: SYNTHETIC ELASTOMERIC, MECHANICALLY ATTACHED, FIELD
REPLACEABLE.

JAMB SEALS: STAINLESS STEEL.

SHAFT BEARINGS: OIL IMPREGNATED SINTERED BRONZE SLEEVE, GRAPHITE
IMPREGNATED NYLON SLEEVE, MOLDED SYNTHETIC SLEEVE, OR STAINLESS STEEL
SLEEVE, WITH THRUST WASHERS AT BEARINGS.

LINKAGE: CONCEALED IN FRAME.
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8. LINKAGE BEARINGS: OIL IMPREGNATED SINTERED BRONZE OR GRAPHITE
IMPREGNATED NYLON.

9. LEAKAGE: LESS THAN 0.1 PERCENT BASED ON APPROACH VELOCITY OF 4000
FT./MIN. (20.3 M/S) AND 1 INCHES WG. (249PA).

10. MAXIMUM PRESSURE DIFFERENTIAL: 6 INCHES WG. (622 PA)

11. TEMPERATURE LIMITS: -40 TO 200 °F (-40 T0 93 °C).

12. WHERE OPENING SIZE IS LARGER THAN 48 INCHES (1219 MM) WIDE, OR 72 INCHES
(1829 MM) HIGH, PROVIDE DAMPERS IN MULTIPLE SECTIONS, WITH APPROPRIATELY
INTERMEDIATE FRAMES.

D. FOR GENERAL ISOLATION AND MODULATING CONTROL SERVICE IN RECTANGULAR DUCTS
AT VELOCITIES NOT GREATER THAN 4000 FPM, DIFFERENTIAL PRESSURE NOT GREATER
THAN 12” w.C.:

1. PERFORMANCE: TEST IN ACCORDANCE WITH AMCA 500.

2. FRAMES: GALVANIZED STEEL, 12-GAUGE MINIMUM THICKNESS, WELDED OR
RIVETED WITH CORNER REINFORCEMENT.

3. BLADES: EXTRUDED ALUMINUM HOLLOW AIRFOIL SHAPE, MAXIMUM BLADE SIZE 8
INCHES (200 MM) WIDE BY 48 INCHES (1219 MM) LONG, ATTACHED TO MINIMUM 3/4
INCH (19 MM) SHAFTS WITH SET SCREWS

4. SHAFT BEARINGS: OIL IMPREGNATED SINTERED BRONZE OR STAINLESS STEEL,
PRESSED INTO FRAME, WITH THRUST WASHERS AT BEARINGS.

5. LINKAGE: 10-GAUGE MINIMUM THICKNESS GALVANIZED STEEL CLEVIS TYPE CRANK
ARMS, 3/16” X3/4” (4.76 MM X 19 MM) MINIMUM THICKNESS TIE RODS.

6. LINKAGE BEARINGS: OIL IMPREGNATED SINTERED BRONZE OR GRAPHITE
IMPREGNATED NYLON.

7. LEAKAGE: LESS THAN 0.2 PERCENT BASED ON APPROACH VELOCITY OF 4000
FT./MIN. (20.3 M/S) AND 1 INCHES WG. (249PA) DIFFERENTIAL PRESSURE.

8.  MAXIMUM PRESSURE DIFFERENTIAL: 12 INCHES WG. (2984 PA)

. TEMPERATURE LIMITS: -40 TO 300 °F (-40 TO 149 °C).

10. WHERE OPENING SIZE IS LARGER THAN 48 INCHES (1219 MM) WIDE, OR 72 INCHES
(1829 MM) HIGH, PROVIDE DAMPERS IN MULTIPLE SECTIONS, WITH APPROPRIATELY
INTERMEDIATE FRAMES, AND JACKSHAFTS.

E. FOR GENERAL ISOLATION AND MODULATING CONTROL SERVICE IN ROUND DUCTS UP TO

40 INCHES IN SIZE AT VELOCITIES NOT GREATER THAN 2500 FPM (12.7 M/S), DIFFERENTIAL
PRESSURE NOT GREATER THAN 4” W.C. (994 PA):

1.
2.

PERFORMANCE: TEST IN ACCORDANCE WITH AMCA 500.

FRAMES: ROLLED 12 GAUGE STEEL STRIP FOR SIZES 6 INCH AND SMALLER, ROLLED
14 GAUGE STEEL CHANNEL FOR LARGER SIZES, GALVANIZED OR ALUMINUM FINISH.

BLADES: STEEL CONSTRUCTION, 12 GAUGE MINIMUM THICKNESS FOR DAMPERS
LESS THAN 18 INCHES (457 MM) IN SIZE, 10 GAUGE MINIMUM THICKNESS FOR
LARGER DAMPERS.

BLADE SEALS: FULL CIRCUMFERENCE NEOPRENE.
SHAFT: % INCH (12.7 MM) DIAMETER ZINC OR CADMIUM PLATED STEEL.
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6. SHAFT BEARINGS: OIL IMPREGNATED SINTERED BRONZE OR STAINLESS STEEL,
PRESSED INTO FRAME, WITH THRUST WASHERS AT BEARINGS.

7. LEAKAGE: LESS THAN 0.2 PERCENT BASED ON APPROACH VELOCITY OF 4000
FT./MIN. (20.3 M/S) AND 1 INCHES WG. (249PA) DIFFERENTIAL PRESSURE.

8. MAXIMUM PRESSURE DIFFERENTIAL: 4 INCHES WG. (994 PA)
9. TEMPERATURE LIMITS: -40 7O 300 °F (-40 TO 149 °C).

FOR GENERAL ISOLATION AND MODULATING CONTROL SERVICE IN ROUND DUCTS UP TO
60 INCHES IN SIZE AT VELOCITIES NOT GREATER THAN 4000 FPM (20.3 M/S), DIFFERENTIAL
PRESSURE NOT GREATER THAN 6” W.C. (1492 PA):

1. PERFORMANCE: TEST IN ACCORDANCE WITH AMCA 500.

2. FRAMES: ROLLED 10-GAUGE STEEL CHANNEL FOR SIZES 48 INCH AND SMALLER,
ROLLED 3/16 INCH (4.76 MM) THICK STEEL CHANNEL FOR LARGER SIZES,
GALVANIZED OR ALUMINUM FINISH.

3. BLADES: STEEL CONSTRUCTION, 10-GAUGE MINIMUM THICKNESS FOR DAMPERS
NOT GREATER THAN 48 INCHES IN SIZE, ¥4 INCH (6.35 MM) MINIMUM THICKNESS FOR
LARGER DAMPERS.

4. BLADE STOPS: %2 INCH X %4 INCH (12.7 MM X 6.35 MM) FULL CIRCUMFERENCE STEEL
BAR.

5. BLADE SEALS: FULL CIRCUMFERENCE NEOPRENE.
6. SHAFT: ZINC OR CADMIUM PLATED STEEL, ANGLE REINFORCING AS NECESSARY.

7. SHAFT BEARINGS: OIL IMPREGNATED SINTERED BRONZE OR STAINLESS STEEL,
PRESSED INTO FRAME, WITH THRUST WASHERS AT BEARINGS.

8. LEAKAGE: LESS THAN 0.4 PERCENT BASED ON APPROACH VELOCITY OF 4000
FT./MIN. (20.3 M/S) AND 1 INCHES WG. (249PA) DIFFERENTIAL PRESSURE.

9.  MAXIMUM PRESSURE DIFFERENTIAL: 6 INCHES WG. (1492 PA)
10. TEMPERATURE LIMITS: -40 TO 250 °F (-40 TO 121 °C).

204 ACTUATORS

A.

GENERAL: SIZE ACTUATORS AND LINKAGES TO OPERATE THEIR APPROPRIATE DAMPERS
OR VALVES WITH A SINGLE ACTUATOR WITH SUFFICIENT RESERVE TORQUE OR FORCE TO
PROVIDE SMOOTH MODULATING ACTION OR 2-POSITION ACTION AS SPECIFIED. MULTIPLE
ACTUATORS FOR ANY SINGLE APPLICATION MUST BE PREAPPROVED BY UCB. SELECT
SPRING-RETURN ACTUATORS WITH MANUAL OVERRIDE TO PROVIDE POSITIVE SHUT-OFF
OF DEVICES AS THEY ARE APPLIED. ACTUATORS RELYING ON BATTERIES FOR ANY
OPERATION ARE NOT ACCEPTABLE.

DAMPER ACTUATORS
1.  AMBIENT OPERATING TEMPERATURE LIMITS: -10 TO 150°F (-12.2 TO 66 °C)

2. Two POSITION ELECTRIC ACTUATORS: LOW VOLTAGE OR LINE VOLTAGE WITH
SPRING RETURN.

a) ACCEPTABLE MANUFACTURERS:
1)  SIEMENS
2) BELIMO
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3) HONEYWELL

4)  JOHNSON CONTROLS

5)  SNYDER ELECTRIC

6)  SUBSTITUTIONS: OR APPROVED EQUAL

ELECTRONIC ACTUATORS: PROVIDE ACTUATORS WITH SPRING RETURN FOR TWO-
POSITION (24V), 0-5 VDc, 0-10 VDc, 2-10VDC, 4-20 MA, OR PWM INPUT (SUBJECT
TO RESTRICTIONS) AS REQUIRED. ACTUATORS SHALL TRAVEL FULL STROKE IN LESS
THAN [90] SECONDS. ACTUATORS SHALL BE DESIGNED FOR A MINIMUM OF 60,000
FULL CYCLES AT FULL TORQUE AND BE UL 873 LISTED. PROVIDE STROKE
INDICATOR. ACTUATORS SHALL HAVE POSITIVE POSITIONING CIRCUIT. WHERE TWO
ACTUATORS ARE REQUIRED IN PARALLEL OR IN SEQUENCE PROVIDE AN AUXILIARY
ACTUATOR DRIVER. ACTUATORS SHALL HAVE CURRENT LIMITING MOTOR
PROTECTION. ACTUATORS SHALL HAVE MANUAL OVERRIDE WHERE INDICATED.

a) CLOSE-OFF PRESSURE: PROVIDE THE MINIMUM TORQUE REQUIRED, AND
SPRING RETURN FOR FAIL POSITIONING (UNLESS OTHERWISE SPECIFICALLY
INDICATED) SIZED FOR REQUIRED CLOSE-OFF PRESSURE. REQUIRED CLOSE-OFF
PRESSURE FOR TWO-WAY WATER VALVE APPLICATIONS SHALL BE THE SHUTOFF
HEAD OF ASSOCIATED PUMP. REQUIRED CLOSE-OFF RATING OF STEAM VALVE
APPLICATIONS SHALL BE DESIGN INLET STEAM PRESSURE PLUS 50 PERCENT FOR
LOW PRESSURE STEAM, AND 10 PERCENT FOR HIGH PRESSURE STEAM.
REQUIRED CLOSE-OFF RATING OF AIR DAMPER APPLICATIONS SHALL BE
SHUTOFF PRESSURE OF ASSOCIATED FAN, PLUS 10 PERCENT.

b) ACCEPTABLE MANUFACTURERS: SUBJECT TO COMPLIANCE WITH
REQUIREMENTS APPROVED MANUFACTURERS ARE AS FOLLOWS:

1) BELIMO

2) HONEYWELL

3) INVENSYS

4)  JOHNSON CONTROLS

5)  SNYDER ELECTRIC

6) SUBSTITUTIONS: MUST BE PRE-APPROVED BY UCB

C. QUARTER-TURN ACTUATORS (FOR BALL AND BUTTERFLY VALVES):

1.

ELECTRIC

a) MOTOR: SUITABLE FOR 120 OR 240 VVOLT SINGLE-PHASE POWER SUPPLY.
INSULATION SHALL BE NEMA CLASS F OR BETTER. MOTOR SHALL BE RATED
FOR 100 PERCENT DUTY CYCLE. MOTORS SHALL HAVE INHERENT OVERLOAD
PROTECTION.

b) GEAR TRAIN. MOTOR OUTPUT SHALL BE DIRECTED TO A SELF LOCKING GEAR
DRIVE MECHANISM. GEARS SHALL BE RATED FOR TORQUE INPUT EXCEEDING
MOTOR LOCKED ROTOR TORQUE.

c) WIRING: POWER AND CONTROL WIRING SHALL BE WIRED TO A TERMINAL
STRIP IN THE ACTUATOR ENCLOSURE

d) FAILSAFE POSITIONING: ACTUATORS SHALL BE SPRING RETURN TYPE FOR
FAILSAFE POSITIONING.
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ENCLOSURE: ACTUATOR ENCLOSURE SHALL BE NEMA-4 RATED, AND SHALL
HAVE A MINIMUM OF TWO THREADED CONDUIT ENTRIES. PROVIDE AN
ENCLOSURE HEATER FOR ACTUATORS LOCATED OUTSIDE OF BUILDINGS.

LIMIT SWITCHES: TRAVEL LIMIT SWITCHES SHALL BE UL AND CSA
APPROVED. SWITCHES SHALL LIMIT ACTUATOR IN BOTH OPEN AND CLOSED
POSITIONS.

MECHANICAL TRAVEL STOPS: THE ACTUATOR SHALL INCLUDE MECHANICAL
TRAVEL STOPS OF STAINLESS STEEL CONSTRUCTION TO LIMIT ACTUATOR TO
SPECIFIC DEGREES OF ROTATION.

MANUAL OVERRIDE: ACTUATORS SHALL HAVE MANUAL ACTUATOR OVERRIDE
TO ALLOW OPERATION OF THE VALVE WHEN POWER IS OFF. FOR VALVES 4
INCHES AND SMALLER THE OVERRIDE MAY BE A REMOVABLE WRENCH OR
LEVER OR GEARED HANDWHEEL TYPE. FOR LARGER VALVES, THE OVERRIDE
SHALL BE A FIXED GEARED HANDWHEEL TYPE. AN AUTOMATIC POWER CUT-
OFF SWITCH SHALL BE PROVIDED TO DISCONNECT POWER FROM THE MOTOR
WHEN THE HANDWHEEL IS ENGAGED FOR MANUAL OPERATION.

VALVE POSITION INDICATOR: A VALVE POSITION INDICATOR WITH ARROW
AND OPEN AND CLOSED POSITION MARKS SHALL BE PROVIDED TO INDICATE
VALVE POSITION.

TORQUE LIMIT SWITCHES: PROVIDE TORQUE LIMIT SWITCHES TO INTERRUPT
MOTOR POWER WHEN TORQUE LIMIT IS EXCEEDED IN EITHER DIRECTION OF
ROTATION.

PoOSITION CONTROLLER: FOR VALVES USED FOR MODULATING CONTROL,
PROVIDE AN ELECTRONIC POSITIONER CAPABLE OF ACCEPTING 4-20 MA, 0-10
\VDC, 2-10 VDC, AND 135 OHM POTENTIOMETER.

AMBIENT CONDITIONS: ACTUATOR SHALL BE DESIGNED FOR OPERATION FROM
—140 1O 150 °F AMBIENT TEMPERATURE WITH O TO 100 PERCENT RELATIVE
HUMIDITY.

ACCEPTABLE MANUFACTURERS:

1) BELIMO

2) HONEYWELL

3)  SIEMENS

4)  SNYDER ELECTRIC

5)  SUBSTITUTIONS: APPROVED EQUAL

[PNEUMATIC SINGLE- AND DOUBLE-ACTING CYLINDER TYPE:

a)

AIR CYLINDER: SHALL CONSIST OF STEEL OR ALUMINUM CYLINDER, DUAL
PISTONS, DOUBLE RACK AND PINION GEARING MECHANISM. HOUSING SHALL
BE PROTECTED BOTH INTERNALLY AND EXTERNALLY WITH CORROSION
RESISTANT COATING. ACTUATOR SHALL BE EQUIPPED WITH PISTON GUIDE
RODS OR SIMILAR MECHANISM SO THAT SEALS ARE NOT LOADED AS LINEAR
BEARINGS. SINGLE ACTING UNITS SHALL HAVE MULTIPLE SYMMETRICALLY
ARRANGED SPRINGS TO APPLY EQUAL FORCE TO PISTON. CYLINDER SHALL BE
CONFIGURABLE FOR DIRECTION OF FAIL-SAFE MODE IN THE FIELD. ACTUATORS
SHALL BE SPRING RETURN TYPE FOR FAILSAFE POSITIONING.
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b) POSITION INDICATION: PROVIDE EXTENDED SHAFT POSITION INDICATOR THAT
IS REMOVABLE FOR MANUAL OVERRIDE OF VALVE.

c) Two-POSITION ACTUATORS: PROVIDE APPROPRIATE THREE-WAY OR FOUR-
WAY SOLENOID VALVE MOUNTED ON THE ACTUATOR. SOLENOID VALVE
ELECTRICAL ENCLOSURE SHALL MEET NEMA-4 REQUIREMENTS. PROVIDE
ACTUATOR WITH POSITION SWITCHES WHERE REQUIRED.

d) MODULATING ACTUATORS: PROVIDE A ROTARY ELECTRONIC POSITIONER
DESIGNED TO ACCEPT 4-20 MA, 0-10 VVDC, 2-10 VVDC, OR 135 OHM
POTENTIOMETER AND OPERATE INTEGRAL 3-WAY OR 4-WAY SOLENOID VALVE
TO POSITION VALVE ROTATION ANGLE AS SENSED BY INTEGRAL POSITION
FEEDBACK DEVICE TO MATCH SIGNAL INPUT. ENCLOSURE SHALL MEET
NEMA-4 REQUIREMENTS. ACTUATOR LINEARITY AND RESOLUTION SHALL BE
0.5% OF SPAN. HYSTERESIS AND DEADBAND SHALL BE ADJUSTABLE. PROVIDE
ACCESSORY MECHANICAL OR PROXIMITY TYPE POSITION SWITCHES AND
POSITION TRANSMITTERS WHERE REQUIRED. ACTUATORS SHALL BE SPRING
RETURN TYPE FOR FAILSAFE POSITIONING. PROVIDE AN ENCLOSURE HEATER
FOR POSITIONERS LOCATED OUTSIDE OF BUILDINGS.]

205 GENERAL FIELD DEVICES

A.

PROVIDE FIELD DEVICES FOR INPUT AND OUTPUT OF DIGITAL (BINARY) AND ANALOG
SIGNALS INTO CONTROLLERS (BCs, AACS, ASCs). PROVIDE SIGNAL CONDITIONING FOR
ALL FIELD DEVICES AS RECOMMENDED BY FIELD DEVICE MANUFACTURERS, AND AS
REQUIRED FOR PROPER OPERATION IN THE SYSTEM.

IT SHALL BE THE CONTRACTOR'S RESPONSIBILITY TO ASSURE THAT ALL FIELD DEVICES
ARE COMPATIBLE WITH CONTROLLER HARDWARE AND SOFTWARE.

FIELD DEVICES SPECIFIED HEREIN ARE GENERALLY ‘TWO-WIRE’ TYPE TRANSMITTERS,
WITH POWER FOR THE DEVICE TO BE SUPPLIED FROM THE RESPECTIVE CONTROLLER. IF
THE CONTROLLER PROVIDED IS NOT EQUIPPED TO PROVIDE THIS POWER, OR IS NOT
DESIGNED TO WORK WITH ‘TWO-WIRE’ TYPE TRANSMITTERS, OR IF FIELD DEVICE IS TO
SERVE AS INPUT TO MORE THAN ONE CONTROLLER, OR WHERE THE LENGTH OF WIRE TO
THE CONTROLLER WILL UNACCEPTABLY AFFECT THE ACCURACY, THE CONTRACTOR
SHALL PROVIDE ‘“FOUR-WIRE’ TYPE EQUAL TRANSMITTER AND NECESSARY REGULATED
DC POWER SUPPLY OR 120 VAC POWER SUPPLY, AS REQUIRED.

FOR FIELD DEVICES SPECIFIED HEREINAFTER THAT REQUIRE SIGNAL CONDITIONERS,
SIGNAL BOOSTERS, SIGNAL REPEATERS, OR OTHER DEVICES FOR PROPER INTERFACE TO
CONTROLLERS, CONTRACTOR SHALL FURNISH AND INSTALL PROPER DEVICE, INCLUDING
120V POWER AS REQUIRED. SUCH DEVICES SHALL HAVE ACCURACY EQUAL TO, OR
BETTER THAN, THE ACCURACY LISTED FOR RESPECTIVE FIELD DEVICES.

ACCURACY: AS STATED IN THIS SECTION, ACCURACY SHALL INCLUDE COMBINED EFFECTS
OF NONLINEARITY, NON-REPEATABILITY AND HYSTERESIS.

206 TEMPERATURE SENSORS (TS)

A.

SENSOR RANGE: WHEN MATCHED WITH A/D CONVERTER OF BC, AAC/ASC, OR SD,
SENSOR RANGE SHALL PROVIDE A RESOLUTION OF NO WORSE THAN 0.3°F (0.16 °C)
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(UNLESS NOTED OTHERWISE). WHERE THERMISTORS ARE USED, THE STABILITY SHALL BE
BETTER THAN 0.25°F OVER 5 YEARS.

INCLUDE AND EDIT WHERE MATCHED SENSORS ARE REQUIRED FOR THE SPECIFIC PROJECT.

B. MATCHED SENSORS: THE FOLLOWING APPLICATIONS SHALL REQUIRE MATCHED
SENSORS:

1. BUILDING LOOP CONNECTIONS: PROVIDE MATCHED LOOP AND BUILDING SUPPLY
SENSORS WHERE CONTROL SEQUENCE REQUIRES CONTROLLING TO A TEMPERATURE
RISE (DIFFERENTIAL).

2. HYDRONIC TEMPERATURE DIFFERENCE CALCULATIONS: PROVIDE MATCHED
SUPPLY AND RETURN TEMPERATURE SENSORS WHERE THE PAIR IS USED FOR
CALCULATING TEMPERATURE DIFFERENCE FOR USE IN LOAD CALCULATIONS OR
SEQUENCING SUCH AS ACROSS CHILLERS AND PLANTS.

3. AIR HANDLING UNIT SEQUENCING: PROVIDE MATCHED PAIR FOR THE COOLING
AND HEATING COIL LEAVING SENSORS WHERE THE SEQUENCE INCLUDES
CALCULATING AN OFFSET FROM THE SUPPLY AIR SETPOINT TO MAINTAIN A LEAVING
HEATING COIL TEMPERATURE.

C. ROOM TEMPERATURE SENSOR: SHALL BE AN ELEMENT CONTAINED WITHIN A
VENTILATED COVER, SUITABLE FOR WALL MOUNTING. PROVIDE INSULATED BASE.
FOLLOWING SENSING ELEMENTS ARE ACCEPTABLE:

1. SENSING ELEMENT SHALL BE PLATINUM RTD, THERMISTOR, OR INTEGRATED
CIRCUIT, +/- 0.4°F ACCURACY AT CALIBRATION POINT.

2.  PROVIDE SETPOINT ADJUSTMENT WHERE INDICATED. THE SETPOINT ADJUSTMENT
SHALL BE A WARMER/COOLER INDICATION THAT SHALL BE SCALABLE VIA THE BAS
(INITIAL RANGE OF +/- 2°F).

3. PROVIDE AN OCCUPANCY OVERRIDE BUTTON ON THE ROOM SENSOR ENCLOSURE
WHERE INDICATED. THIS SHALL BE A MOMENTARY CONTACT CLOSURE

4. PROVIDE CURRENT TEMPERATURE INDICATION VIA AN LCD READOUT WHERE
INDICATED.

D. SINGLE-POINT DUCT TEMPERATURE SENSOR: SHALL CONSIST OF SENSING ELEMENT,
JUNCTION BOX FOR WIRING CONNECTIONS AND GASKET TO PREVENT AIR LEAKAGE OR
VIBRATION NOISE. TEMPERATURE RANGE AS REQUIRED FOR RESOLUTION INDICATED IN
PARAGRAPH A. SENSOR PROBE SHALL BE 316 STAINLESS STEEL.

1. SENSING ELEMENT SHALL BE PLATINUM RTD, THERMISTOR, OR INTEGRATED
CIRCUIT, +/- 0.2°F ACCURACY AT CALIBRATION POINT

E. AVERAGING DUCT TEMPERATURE SENSOR: SHALL CONSIST OF AN AVERAGING ELEMENT,
JUNCTION BOX FOR WIRING CONNECTIONS AND GASKET TO PREVENT AIR LEAKAGE.
PROVIDE SENSOR LENGTHS AND QUANTITIES TO RESULT IN ONE LINEAL FOOT OF SENSING
ELEMENT FOR EACH THREE SQUARE FEET OF COOLING COIL/DUCT FACE AREA.
TEMPERATURE RANGE AS REQUIRED FOR RESOLUTION INDICATED IN PARAGRAPH A.

1. SENSING ELEMENT SHALL BE PLATINUM RTD, OR THERMISTOR, +/- 0.2°F
ACCURACY AT CALIBRATION POINT.
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F. LIQUID IMMERSION TEMPERATURE SENSOR SHALL INCLUDE BRASS THERMOWELL, SENSOR

AND CONNECTION HEAD FOR WIRING CONNECTIONS. TEMPERATURE RANGE SHALL BE AS
REQUIRED FOR RESOLUTION OF 0.15°F.
1. SENSING ELEMENT SHALL BE PLATINUM RTD, THERMISTOR, OR INTEGRATED
CIRCUIT, +/- 0.4°F ACCURACY AT CALIBRATION POINT. TEMPERATURE RANGE
SHALL BE AS REQUIRED FOR RESOLUTION OF 0.3°F.
INCLUDE AND EDIT WHERE SURFACE-MOUNT MAY BE ALLOWED IN THE PROJECT WITH PRIOR APPROVAL BY UCB

G. [PIPE SURFACE-MOUNT TEMPERATURE SENSOR: SHALL INCLUDE METAL JUNCTION BOX
AND CLAMPS AND SHALL BE SUITABLE FOR SENSING PIPE SURFACE TEMPERATURE AND
INSTALLATION UNDER INSULATION. PROVIDE THERMALLY CONDUCTIVE PASTE AT PIPE
CONTACT POINT. TEMPERATURE RANGE SHALL BE AS REQUIRE FOR RESOLUTION
INDICATED IN PARAGRAPH A.

1. SENSING ELEMENT SHALL BE PLATINUM RTD, THERMISTOR, OR INTEGRATED
CIRCUIT, +/- 0.4°F ACCURACY AT CALIBRATION POINT.]

H. OUTSIDE AIR SENSORS SHALL CONSIST OF A SENSOR, SUN SHIELD, UTILITY BOX, AND
WATERTIGHT GASKET TO PREVENT WATER SEEPAGE. TEMPERATURE RANGE SHALL BE AS
REQUIRE FOR RESOLUTION INDICATED IN PARAGRAPH A

1. SENSING ELEMENT SHALL BE PLATINUM RTD, THERMISTOR, OR INTEGRATED
CIRCUIT, +/- 0.4°F ACCURACY AT CALIBRATION POINT.

207 HUMIDITY TRANSMITTERS

A. UNITS SHALL BE SUITABLE FOR DUCT, WALL (ROOM) OR OUTDOOR MOUNTING. UNIT
SHALL BE TWO-WIRE TRANSMITTER UTILIZING BULK POLYMER RESISTANCE CHANGE OR
THIN FILM CAPACITANCE CHANGE HUMIDITY SENSOR. UNIT SHALL PRODUCE LINEAR
CONTINUOUS OUTPUT OF 4-20 MA FOR PERCENT RELATIVE HUMIDITY (% RH). A
COMBINATION TEMPERATURE AND HUMIDITY SENSOR MAY BE USED FOR ZONE LEVEL
MONITORING. SENSORS SHALL HAVE THE FOLLOWING MINIMUM PERFORMANCE AND
APPLICATION CRITERIA:

1. INPUT RANGE: 0 TO 100% RH.

2. AcCCURACY(% RH): +/- 2% (WHEN USED FOR ENTHALPY CALCULATION, DEWPOINT
CALCULATION OR HUMIDIFIER CONTROL) OR +/- 3% (MONITORING ONLY) BETWEEN
20-90% RH AT 77°F, INCLUDING HYSTERESIS, LINEARITY, AND REPEATABILITY.

3.  SENSOR OPERATING RANGE: AS REQUIRED BY APPLICATION
4. LONG TERM STABILITY: LESS THAN 1% DRIFT PER YEAR.

B. ACCEPTABLE MANUFACTURERS: UNITS SHALL BE VAISALA HM SERIES. SUBSTITUTIONS
SHALL BE ALLOWED PER DIVISION 1.

2.08 DIFFERENTIAL PRESSURE TRANSMITTERS (DP)

A. GENERAL PURPOSE - WATER: TWO-WIRE TRANSMITTER, 4-20 MA OUTPUT WITH ZERO
AND SPAN ADJUSTMENTS. PLUS OR MINUS 0.5% OVERALL ACCURACY, 450 PsIG (3103
KPA) MAXIMUM STATIC PRESSURE RATING, 200 PSID MAXIMUM OVERPRESSURE RATING
FOR 6 THROUGH 60 PSID RANGE, 450 PSID FOR 100 THROUGH 300 PSID RANGE.

B. INDUSTRIAL APPLICATION, LIQUID, STEAM AND GAS:
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1. GENERAL: TWO-WIRE SMART DP CELL TYPE TRANSMITTER, 4-20 MA OR 1-5 VDC
USER-SELECTABLE LINEAR OR SQUARE ROOT OUTPUT, ADJUSTABLE SPAN AND ZERO,
STAINLESS STEEL WETTED PARTS.
2.  ENVIRONMENTAL LIMITS: =40 T0O 250 °F (-40 T0 121°C), 0 TO 100% RH..
3. ACCURACY: LESS THAN 0.1 PERCENT OF SPAN.
4. OUTPUT DAMPING: TIME CONSTANT USER SELECTABLE FROM 0 TO 36 SECONDS.
5. VIBRATION EFFECT: LESS THAN +£0.1% OF UPPER RANGE LIMIT FROM 15 TO 2000
HZ IN ANY AXIS RELATIVE TO PIPE MOUNTED PROCESS CONDITIONS.
6. [ELECTRICAL ENCLOSURE: NEMA-4, -4X, -7, -9.
7. APPROVALS: FM, CSA.
8. ACCEPTABLE MANUFACTURERS: ROSEMOUNT INC. 3051 SERIES, FOXBORO,
JOHNSON-YOKAGAWA, SETRA, OR MAMAC. SUBSTITUTIONS SHALL BE ALLOWED
PER DIVISION 1.
C. GENERAL PURPOSE LOW PRESSURE AIR: GENERALLY FOR USE IN STATIC MEASUREMENT

OF DUCT PRESSURE OR CONSTANT VOLUME AIR VELOCITY PRESSURE MEASUREMENT
WHERE THE RANGE IS APPLICABLE.

1.

No ok~ own

GENERAL: LOOP POWERED TWO-WIRE DIFFERENTIAL CAPACITANCE CELL-TYPE
TRANSMITTER.

OUTPUT: TWO WIRE 4-20 MA OUTPUT WITH ZERO ADJUSTMENT.
OVERALL ACCURACY: PLUS OR MINUS 1%.

MINIMUM RANGE: 0.1 IN. W.C.

MAXIMUM RANGE: 10 INCHES W.C.

HOUSING: POLYMER HOUSING SUITABLE FOR SURFACE MOUNTING.

ACCEPTABLE MANUFACTURERS: ASHCROFT, MODUS T30. SUBSTITUTIONS SHALL
BE ALLOWED PER DIVISION 1.

STATIC SENSING ELEMENT: PITOT-TYPE STATIC PRESSURE SENSING TIPS SIMILAR
TO DWYER MODEL A-301 AND CONNECTING TUBING.

RANGE: SELECT FOR SPECIFIED SETPOINT TO BE BETWEEN 25% AND 75% FULL-
SCALE.

D. GENERAL PURPOSE LOW PRESSURE/LOW DIFFERENTIAL AIR: GENERALLY FOR USE IN
STATIC MEASUREMENT OF SPACE PRESSURE OR CONSTANT VOLUME AIR VELOCITY
PRESSURE MEASUREMENT WHERE THE RANGE IS APPLICABLE.

1.

No gk~ oo

GENERAL: LOOP POWERED, TWO-WIRE DIFFERENTIAL CAPACITANCE CELL TYPE
TRANSMITTER.

OuUTPUT: TWO-WIRE 4-20 MA OUTPUT WITH ZERO ADJUSTMENT.
OVERALL ACCURACY: PLUS OR MINUS 1%.

MINIMUM RANGE: 0 IN. W.C.

MAaXIMUM RANGE: 0.1, 0.25, 0rR 0.5 INCHES W.C.

HOUSING: POLYMER HOUSING SUITABLE FOR SURFACE MOUNTING.

ACCEPTABLE MANUFACTURERS: ASHCROFT, MoODUS T30. SUBSTITUTIONS SHALL
BE ALLOWED PER DIVISION 1.
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E.

8. STATIC SENSING ELEMENT: PITOT-TYPE STATIC PRESSURE SENSING TIPS SIMILAR
TO DWYER MODEL A-301 AND CONNECTING TUBING.

9. RANGE: SELECT FOR SPECIFIED SETPOINT TO BE BETWEEN 25% AND 75% FULL-
SCALE.

VAV VELOCITY PRESSURE: GENERALLY FOR USE IN VARIABLE VOLUME AIR VELOCITY
PRESSURE MEASUREMENT WHERE THE RANGE IS APPLICABLE.

1. GENERAL: LOOP POWERED TWO-WIRE DIFFERENTIAL CAPACITANCE CELL TYPE
TRANSMITTER.

OuUTPUT: TWO-WIRE, 4-20 MA OUTPUT WITH ZERO ADJUSTMENT.
OVERALL ACCURACY: PLUS OR MINUS 0.25%

MINIMUM RANGE: O IN. W.C.

MAXIMUM RANGE: 1 INCH W.C.

HOUSING: POLYMER HOUSING SUITABLE FOR SURFACE MOUNTING.
ACCEPTABLE MANUFACTURERS:

a) ASHCROFT

b) Mobus

c) SETRA.

d) SUBSTITUTIONS SHALL BE ALLOWED PER DIVISION 1.

8. RANGE: SELECT FOR MINIMUM RANGE THAT WILL ACCEPT THE MAXIMUM
VELOCITY PRESSURE EXPECTED.

No ok~ own

2.09 VALVE BYPASS FOR DIFFERENTIAL PRESSURE SENSORS

A.

PROVIDE A THREE OR FIVE VALVE BYPASS KIT FOR PROTECTION OF DP SENSORS WHERE
THE STATIC ON THE PIPE CAN CAUSE ON OVER PRESSURE WHEN CONNECTED TO ONE PORT
WITH THE OTHER AT ATMOSPHERIC PRESSURE. KIT SHALL INCLUDE HIGH AND LOW
PRESSURE ISOLATION VALVES, HIGH AND LOW PRESSURE VENT VALVES (FIVE VALVE KIT)
AND A BYPASS VALVE CONTAINED IN A NEMA-1 ENCLOSURE. ENCLOSURE SHALL BE
MOUNTED NO HIGHER THAN 6 FEET ABOVE FLOOR LEVEL.

210 DIFFERENTIAL PRESSURE SWITCHES (DPS)

A.

GENERAL SERVICE - AIR: DIAPHRAGM WITH ADJUSTABLE SETPOINT AND DIFFERENTIAL
AND SNAP ACTING FORM C CONTACTS RATED FOR THE APPLICATION. PROVIDE
MANUFACTURER'S RECOMMENDED STATIC PRESSURE SENSING TIPS AND CONNECTING
TUBING

GENERAL SERVICE - WATER: DIAPHRAGM WITH ADJUSTABLE SETPOINT, 2 PSIG OR
ADJUSTABLE DIFFERENTIAL, AND SNAP-ACTING FORM C CONTACTS RATED FOR THE

APPLICATION. 60 PSID MINIMUM PRESSURE DIFFERENTIAL RANGE. 0°F TO 160°F
OPERATING TEMPERATURE RANGE.
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211 PRESSURE SWITCHES (PS)

A. DIAPHRAGM OR BOURDON TUBE WITH ADJUSTABLE SETPOINT AND DIFFERENTIAL AND

SNAP-ACTING FORM C CONTACTS RATED FOR THE APPLICATION. PRESSURE SWITCHES
SHALL BE CAPABLE OF WITHSTANDING 150% OF RATED PRESSURE.

B. ACCEPTABLE MANUFACTURERS: SQUARE D, ITT NEO-DYN, ASCO, PENN, HONEYWELL,
AND JOHNSON CONTROLS. SUBSTITUTIONS SHALL BE ALLOWED PER DIVISION 1.

2.12  TRANSDUCERS

A. STANDARD CAPACITY ELECTRONIC-TO-PNEUMATIC (E-P) TRANSDUCERS: E-P
TRANSDUCERS SHALL BE VOLTAGE-TO-PNEUMATIC (V-P) TYPE, CURRENT-TO-
PNEUMATIC (I-P) TYPE:

1. ELECTRICAL POWER SUPPLY: 24 VAC OR 24 VVDC.

PNEUMATIC AIR SUPPLY: 30 PSIG (2.07 BAR) MAXIMUM.

AIR CAPACITY: 1100 sciM @ 20 psIG (300 CM3/SEC @ 1.4 BAR).
AIR CONSUMPTION: ZERO AT STEADY STATE.

OUTPUT SPAN: 0-20 PSIG (0-1.4 BAR).

INPUT: 4-20 MA, 0-5VDc, 1-5 VDC, 0-10 VDC, 2-10 VDC, 0-15 VDC, OR 3-15 VDC
INPUT.

ENCLOSURE: POLYMER DESIGNED FOR SURFACE OR PANEL MOUNT.
AIR CONNECTIONS: ¥4 (6.35 MM) BARBED.

9. FAILURE MODE ON POWER L0OSS: NON-FAILSAFE TRANSDUCERS SHALL HAVE NO
OUTPUT AIR LOSS. FAILSAFE TRANSDUCERS SHALL EXHAUST OUTPUT UPON POWER
LOSS.

10. ACCEPTABLE MANUFACTURERS: MAMAC EP-313-020, JOHNSON CONTROLS.
SUBSTITUTIONS SHALL BE ALLOWED PER DIVISION 1

o gk~ wbd

2.13 PHASE-VOLTAGE-FREQUENCY MONITOR
INCLUDE ONLY WHEN REQUESTED BY UCB.
A. PROVIDE WITH TWO (2) SETS OF ALARM RELAY OUTPUTS:
1. ONE MONITORED BY THE BAS

2.  ONE MONITORED BY UCB
B. PROVIDE MOTOR SAVER MODEL MS250A OR EQUAL.

2.14  CURRENT SWITCHES (CS)

UCB PREFERS USING CURRENT TRANSDUCERS; UNLESS THERE IS A SPECIFIC APPLICATION FOR CURRENT SWITCHES.

A. CLAMP-ON DESIGN CURRENT OPERATED SWITCH (FOR CONSTANT SPEED MOTOR
STATUS INDICATION)

1. RANGE: 1.5T0 150 AMPS.
2. TRIP POINT: ADJUSTABLE.
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3.  SWITCH: SOLID STATE, NORMALLY OPEN, 1 TO 135 VAC OR VDC, 0.3 AMPS. ZERO
OFF STATE LEAKAGE.

LOWER FREQUENCY LIMIT: 6 Hz.
TRIP INDICATION: LED
APPROVALS: UL, CSA

MAX. CABLE SIzE: 350 MCM

ACCEPTABLE MANUFACTURERS: VERIS INDUSTRIES H-708/908; INC., RE
TECHNOLOGIES SCS1150A-LED. SUBSTITUTIONS SHALL BE ALLOWED PER
DiVISION 1.

B. CLAMP-ON WIRE THROUGH CURRENT SWITCH (CS/CR) (FOR CONSTANT SPEED
MOTORS): SAME AS CS WITH 24V COMMAND RELAY RATED AT 5A @ 240 VAC RESISTIVE,
3A @ 240 VAC INDUCTIVE, LOAD CONTROL CONTACT POWER SHALL BE INDUCED FROM
MONITORED CONDUCTOR (MINIMUM CONDUCTOR CURRENT REQUIRED TO ENERGIZE
RELAY 5A, MAX. RATING OF 135A). ACCEPTABLE MANUFACTURERS SHALL BE VERIS
INDUSTRIES, INC., MODEL # H938/735; OR RE TECHNOLOGIES RCS 1150. SUBSTITUTIONS
SHALL BE ALLOWED PER DIVISION 1.

1. WHERE USED FOR SINGLE-PHASE DEVICES, PROVIDE THE CS/CR IN A SELF-
CONTAINED UNIT IN A HOUSING SIMILAR WITH OVERRIDE SWITCH TO KELE RIBX.
SUBSTITUTIONS SHALL BE ALLOWED PER DIVISION 1.

C. CLAMP-ON DESIGN CURRENT OPERATED SWITCH FOR VARIABLE SPEED MOTOR STATUS
INDICATION

1.  WHERE VFD IS UTILIZED, RUN STATUS OFF VFD.
2. RANGE: 1.5T0 135 AMPS.

3.  TRIP POINT: SELF-CALIBRATING BASED ON VA MEMORY ASSOCIATED WITH
FREQUENCY TO DETECT LOSS OF BELT WITH SUBSEQUENT INCREASE OF CONTROL
OUTPUT TO 60 Hz.

4, SWITCH: SOLID STATE, NORMALLY OPEN, 1 TO 135 VAC OR VVDC, 0.3 AMPS. ZERO
OFF STATE LEAKAGE.

FREQUENCY RANGE: 5-75Hz
TRIP INDICATION: LED
APPROVALS: UL, CSA
MAX. CABLE SIzE: 350 MCM

ACCEPTABLE MANUFACTURERS: VERIS INDUSTRIES, INC. H-904. SUBSTITUTIONS
SHALL BE ALLOWED PER DIVISION 1.

D. CLAMP-ON WIRE THROUGH CURRENT SWITCH (CS/CR) (FOR VARIABLE SPEED
MOTORS): SAME AS CS WITH 24V COMMAND RELAY RATED AT 5A @ 240 VAC RESISTIVE,
3A @ 240 VAC INDUCTIVE, LOAD CONTROL CONTACT POWER SHALL BE INDUCED FROM
MONITORED CONDUCTOR (MINIMUM CONDUCTOR CURRENT REQUIRED TO ENERGIZE
RELAY 5A, MAX. RATING OF 135A). ACCEPTABLE MANUFACTURER SHALL BE VERIS
INDUSTRIES, INC., MODEL # H934. SUBSTITUTIONS SHALL BE ALLOWED PER DIVISION 1.

E. VARIABLE SPEED STATUS: WHERE CURRENT SWITCHES ARE USED TO SENSE THE STATUS
FOR VARIABLE SPEED DEVICES, THE CT SHALL INCLUDE ON-BOARD VA/HZ MEMORY TO
ALLOW DISTINCTION BETWEEN A BELT BREAK AND SUBSEQUENT RAMP UP TO 60 Hz,

© N o O A

© 0o oo
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VERSUS OPERATION AT LOW SPEED. THE BELT BREAK SCENARIO SHALL BE INDICATED AS
A LOSS OF STATUS AND THE OPERATION AT LOW SPEED SHALL INDICATE NORMAL STATUS.

215 CURRENT TRANSDUCER (CT)
A CLAMP-ON DESIGN CURRENT TRANSDUCER (FOR MOTOR CURRENT SENSING)

ok~ wbnhE

RANGE: 1-10 AMPS MINIMUM, 20-200 AMPS MAXIMUM
TRIP POINT: ADJUSTABLE

OuTpUT: 0-5VDC.

ACCURACY: +0.2% FROM 20 TO 100 Hz.

ACCEPTABLE MANUFACTURERS:

a) VERIS#7222,822,922

b) SUBSTITUTIONS SHALL BE ALLOWED PER DIVISION 1.

216 OUTDOOR AIR STATIC PRESSURE SENSING TIP

A. PRESSURE SENSOR: PRESSURE SENSING TIP SHALL BE DESIGNED TO MINIMIZE THE
EFFECTS OF WIND AND RESULTING VELOCITY PRESSURE UP TO 80 MPH. ACCEPTABLE
MANUFACTURERS SHALL BE DWYER A-306. SUBSTITUTIONS SHALL BE ALLOWED PER
DIVISION 1.

B. Low AIR PRESSURE SURGE DAMPENER: 30-SECOND TIME CONSTANT. ACCEPTABLE

MANUFACTURER SHALL BE MoDUS SD030. SUBSTITUTIONS SHALL BE ALLOWED PER
DIVISION 1.

2.17  CONTINUOUS LEVEL TRANSMITTERS
A ULTRASONIC TYPE

1.

No g s N

PROVIDE A NON-CONTACTING, TEMPERATURE COMPENSATING, NARROW BEAM,
ULTRASONIC TYPE LEVEL TRANSMITTER WITH ADJUSTABLE SPAN AND ZERO.

OUTPUT: 4-20 MA.

TRANSDUCER MATERIALS: PC/ABS, POLYPROPYLENE, P\VC AND/OR TEFLON.
ELECTRICAL ENCLOSURE: NEMA-4X, -6.

APPROVALS: UL, CE OR CSA.

ACCURACY: +.5% OF CALIBRATED SPAN.

ACCEPTABLE MANUFACTURERS: FLOWLINE ECHOSPAN, PRINCO INSTRUMENTS, &
GREYLINE. SUBSTITUTIONS SHALL BE ALLOWED PER DIVISION 1.

B. CAPACITANCE TYPE

1.

PROVIDE A LOOP POWERED, CONTINUOUS CAPACITANCE TYPE LEVEL TRANSMITTER
WITH ADJUSTABLE SPAN AND ZERO.

OuTPUT: 4-20 MA.

PROBE: FLUOROPOLYMER COATED STAINLESS STEEL ROD OR CABLE. PROVIDE
CABLE PROBE WITH END ATTACHMENT HARDWARE OR WEIGHT.

ELECTRICAL ENCLOSURE: NEMA-4, -7.
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5.  APPROVALS: UL OR CSA.

6. ACCURACY: 1% OF CALIBRATED SPAN.

7. PROCESS CONNECTION: MPT OR ANSI FLANGE AS REQUIRED.
8

ACCEPTABLE MANUFACTURERS: DREXELBROOK, ENDRESS & HAUSER.

SUBSTITUTIONS SHALL BE ALLOWED PER DIVISION 1.

INSERTION TYPE TURBINE METER FOR WATER SERVICE

A.

secron D - Appendix

JULY 1, 2018

TURBINE INSERTION FLOW METER SENSING METHOD SHALL BE IMPEDANCE SENSING
(IRON MAGNETIC AND NON-PHOTOELECTRIC), WITH VOLUMETRIC ACCURACY OF +/- 2%
OF READING OVER MIDDLE 80% OF OPERATING RANGE, AND +/- 4% OF READING OVER THE
ENTIRE OPERATING RANGE. TURBINE INSERTION FLOW METER SHALL HAVE MAXIMUM
OPERATING PRESSURE OF 400 PSI AND MAXIMUM OPERATING TEMPERATURE OF 200°F
CONTINUOUS (220°F PEAK). ALL WETTED METAL PARTS SHALL BE CONSTRUCTED OF 316
STAINLESS STEEL. FLOW METER SHALL MEET OR EXCEED ALL OF THE ACCURACY, HEAD
LOSS, FLOW LIMITS, PRESSURE AND MATERIAL REQUIREMENTS OF THE AWWA STANDARD
C704-70 FOR THE RESPECTIVE PIPE OR TUBE SIZE. ANALOG OUTPUTS SHALL CONSIST OF
NON-INTERACTIVE ZERO AND SPAN ADJUSTMENTS, A DC LINEARLY OF 0.1% OF SPAN,

VOLTAGE OUTPUT OF 0-10 V, AND CURRENT OUTPUT OF 4-20 MA.

1. INSTALL IN WATER SYSTEMS WITH A MINIMUM OF 10 PIPE DIAMETERS
UNOBSTRUCTED FLOW.

2. ACCEPTABLE MANUFACTURERS: ONICON CORP. AND HERSEY. SUBSTITUTIONS

SHALL BE ALLOWED PER DIVISION 1.

FLOW METER FOR STEAM
FLow CoMPUTER: KEP SUPERTROL Il wiTH MODBUS RTU COMMUNICATION CARD

IOGmmoow>

MAXIMUM FLUID TEMPERATURE: 800 °F (427 °C)
WETTED PARTS: STAINLESS STEEL

HOUSING: NEMA 4X

TURNDOWN: 10:1 MINIMUM.

ACCURACY: 1% OF CALIBRATED SPAN

BoDY: WAFER STYLE OR ANSI FLANGED TO MATCH PIPING SPECIFICATION.
ACCEPTABLE MANUFACTURERS: VERIS ACCELEBAR AND ONICON VORTEX.

SUBSTITUTIONS SHALL BE ALLOWED PER DIVISION 1.

VORTEX SHEDDING FLOW METER FOR LIQUID AND GAS SERVICE

A.

moow

OuTPUT: 4-20 MA, 0-10 VVDC, 0-5 VDC

MAXIMUM FLUID TEMPERATURE: 800 °F (427 °C)
WETTED PARTS: STAINLESS STEEL

HousING: NEMA 4X

TURNDOWN: 10:1 MINIMUM.
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F. ACCURACY: 0.5% OF CALIBRATED SPAN FOR LIQUIDS, 1% OF CALIBRATED SPAN FOR
GASES.
G. BoDY: WAFER STYLE OR ANSI FLANGED TO MATCH PIPING SPECIFICATION.
H. ACCEPTABLE MANUFACTURERS: FOXBORO 83 SERIES, JOHNSON-YOKAGAWA, AND

ROSEMOUNT. SUBSTITUTIONS SHALL BE ALLOWED PER DIVISION 1.

221 AIRFLOW MEASURING STATIONS (AFMS)

A.

PITOT TUBE GRIDS: PROVIDE AN ARRAY OF VELOCITY PRESSURE SENSING ELEMENTS
WITH AVERAGING MANIFOLDS AND AIR STRAIGHTENING VANES PACKAGED IN A SHEET
METAL CASING. DISTRIBUTE SENSING ELEMENTS IN ACCORDANCE WITH ASHRAE FOR
TRAVERSING DUCTS. PROVIDE TAPS TO CONNECT TUBING FROM INSTRUMENTATION.
LABEL AFM WITH DRAWING NUMBER DESIGNATION, DESIGN FLOW, VELOCITY PRESSURE,
AND PRESSURE DROP. APPLICATION OF PITOT GRIDS SHALL BE ALLOWED ONLY WHERE
MINIMUM EXPECTED FLOW IS GREATER THAN 30% OR MAXIMUM FLOW

VORTEX SHEDDING GRID: PROVIDE AN ARRAY OF VORTEX SHEDDING ELEMENTS
DESIGNED TO PRODUCE STABLE ‘KARMEN VORTICES’” THAT ARE LINEAR WITH AIR
VELOCITY. PROVIDE THE ELECTRONICS TO TOTALIZE THE PULSES AND OUTPUT AVERAGE
VELOCITY PROPORTIONAL TO AN OUTPUT SIGNAL OF 4-20MA.

1. SENSOR ACCURACY: +1.5%

2.  ELECTRONICS ACCURACY: £0.5%

3. RANGE: SELECT MINIMUM RANGE TO ACCOMMODATE THE EXPECTED FLOW RANGE
OF THE PROJECT

4. TEMPERATURE LIMITS: 20-140°F

5. ACCEPTABLE MANUFACTURER: TEK-AIR SYSTEMS INC. ‘“VORTEK’ MODEL.
SUBSTITUTIONS SHALL BE ALLOWED PER DIVISION 1.

2.22  AIR VELOCITY PRESSURE SENSORS (INSERTION TYPE)

A.

SINGLE OR MULTI-POINT AVERAGING (AS INDICATED): SENSING TIP SHALL BE FOR
INSERTION INTO DUCT WITH MOUNTING FLANGE AND PUSH ON TUBE CONNECTIONS.
MATERIAL SHALL BE SUITABLE TO THE APPLICATION.

2.23  COZ2 SENSORS/TRANSMITTERS (CO2)

A.

TMOOw

CO2 SENSORS SHALL USE SILICON BASED, DIFFUSION ASPIRATED, INFRARED SINGLE
BEAM, DUAL-WAVELENGTH SENSOR.

ACCURACY: £36PPM AT 800 PPM AND 68°F.

STABILITY: 5% OVER 5 YEARS.

OuTPUT: 4-20 MA, 0-10 VVDC OR RELAY.

MOUNTING: DUCT OR WALL AS INDICATED.

ACCEPTABLE MANUFACTURER: VAISALA, INC. GMD20 (DUCT) OR GMW?20 (WALL).

THE FOLLOWING APPLIES TO REPAIR OR MINOR MODIFICATION OF EXISTING PNEUMATIC SYSTEMS.
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224 [PNEUMATIC CONTROL COMPONENTS

A.

ANALOG PRESSURE GAUGES: GAUGES SHALL BE PNEUMATIC TYPE, MINIMUM 1-1/2" IN
(38 MM) DIAMETER, WITH WHITE FACE AND BLACK NUMERALS. SURFACE-MOUNTED
GAUGES SHALL HAVE CHROME PLATED TRIM AND BE A MINIMUM OF 2-1/2" IN (64 MM )
DIAMETER.

PNEUMATIC ACTUATED PRESSURE SWITCHES (PE) (FOR 30 PSIG MAX PRESSURE CONTROL
SYSTEMS): PRESSURE RANGES AND SENSITIVITY OF PES SHALL MATCH CONTROL SYSTEM
SEQUENCE OF OPERATION. SWITCH OPERATION SHALL BE EXTERNALLY ADJUSTABLE
OVER THE OPERATING PRESSURE RANGE (NOMINAL 0-20 PsIG, 0 TO 138 KPA). PE
SWITCHES SHALL BE SPDT TYPE, RATED FOR THE PARTICULAR APPLICATION, AND SHALL
BE UL LISTED. PE SHALL BE AS MANUFACTURED BY PENN. SUBSTITUTIONS SHALL BE
ALLOWED AS PER DIVISION 1

PILOT POSITIONERS: OPERATING SPAN ADJUSTMENT RANGE IS FROM 3 TO 13 PSI (21 TO 91
KPA). POSITIONER SHALL BE FURNISHED WITH A MOUNTING BRACKET FOR ATTACHMENT
DIRECTLY TO THE ACTUATOR.]

225 ELECTRIC CONTROL COMPONENTS

A.

LIMIT SWITCHES (LS): LIMIT SWITCHES SHALL BE UL LISTED, SPDT OR DPDT TYPE,
WITH ADJUSTABLE TRIM ARM. LIMIT SWITCHES SHALL BE AS MANUFACTURED BY
SQUARE D, ALLEN BRADLEY. SUBSTITUTIONS SHALL BE ALLOWED PER DIVISION 1.

[ELECTRIC SOLENOID-OPERATED PNEUMATIC VALVES (EP): EP VALVES SHALL BE
RATED FOR A MINIMUM OF 1.5 TIMES THEIR MAXIMUM OPERATING STATIC AND
DIFFERENTIAL PRESSURE.. VALVES SHALL BE PORTED 2-WAY, 3-WAY, OR 4-WAY AND
SHALL BE NORMALLY CLOSED OR OPEN AS REQUIRED BY THE APPLICATION. EPS SHALL
BE SIZED FOR MINIMUM PRESSURE DROP, AND SHALL BE UL AND CSA LISTED. FURNISH
AND INSTALL GAUGES ON ALL INPUTS OF EPS. FURNISH AN ADJUSTABLE AIR PRESSURE
REGULATOR ON INPUT SIDE OF SOLENOID VALVES SERVING ACTUATORS OPERATING AT
GREATER THAN 30 PSIG.

1. ColIL ENCLOSURE: INDOORS SHALL BE NEMA-1, OUTDOORS AND NEMA-3, 4, 7, 9.

2. FLUID TEMPERATURE RATING: VALVES FOR COMPRESSED AIR AND COLD WATER
SERVICE SHALL HAVE 150 °F (66 °C) MINIMUM RATING. VALVES FOR HOT WATER
OR STEAM SERVICE SHALL HAVE FLUID TEMPERATURE RATING HIGHER THAN THE
MAXIMUM EXPECTED FLUID TEMPERATURE.

3. ACCEPTABLE MANUFACTURERS: EP VALVES SHALL BE AS MANUFACTURED BY
ASCO OR PARKER. SUBSTITUTIONS SHALL BE ALLOWED PER DIVISION 1.

4. COIL RATING: EP VALVES SHALL HAVE APPROPRIATE VOLTAGE COIL RATED FOR
THE APPLICATION (I.E., 24 VAC, 120 VAC, 24 VDC, ETC.).]

Low TEMPERATURE DETECTOR (‘FREEZESTAT’) (FZ): LOW TEMPERATURE DETECTOR
SHALL CONSIST OF A “COLD SPOT’ ELEMENT WHICH RESPONDS ONLY TO THE LOWEST
TEMPERATURE ALONG ANY ONE FOOT OF ENTIRE ELEMENT, MINIMUM BULB SIZE OF 1/8" X
20' (3.2MM X 6.1M), JUNCTION BOX FOR WIRING CONNECTIONS AND GASKET TO PREVENT
AIR LEAKAGE OR VIBRATION NOISE, DPST (4 WIRE, 2 CIRCUIT) WITH MANUAL RESET.
TEMPERATURE RANGE 15 TO 55°F (-9.4 T0O 12.8°C), FACTORY SET AT 38°F.
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D. SURFACE-MOUNTED THERMOSTAT: SURFACE-MOUNTED THERMOSTAT SHALL CONSIST

OF SPDT CONTACTS, OPERATING TEMPERATURE RANGE OF 50 TO 150° F (10 TO 65°C) ,
AND A MINIMUM 10°F FIXED SETPOINT DIFFERENTIAL.

Low VOLTAGE WALL THERMOSTAT: WALL-MOUNTED THERMOSTAT SHALL CONSIST OF
SPDT SEALED MERCURY CONTACTS, OPERATING TEMPERATURE RANGE OF 50 TO 90°F (10
TO 32°C), SWITCH RATING OF 24 VVAC (30 VAC MAX.), AND BOTH MANUAL AND
AUTOMATIC FAN OPERATION IN BOTH THE HEAT AND COOL MODES.

CONTROL RELAYS: ALL CONTROL RELAYS SHALL BE UL LISTED, WITH CONTACTS RATED
FOR THE APPLICATION, AND MOUNTED IN MINIMUM NEMA-1 ENCLOSURE FOR INDOOR
LOCATIONS, NEMA-4 FOR OUTDOOR LOCATIONS.

1. CONTROL RELAYS FOR USE ON ELECTRICAL SYSTEMS OF 120 VOLTS OR LESS SHALL
HAVE, AS A MINIMUM, THE FOLLOWING;

a) AC COIL PULL-IN VOLTAGE RANGE OF +10%, -15% OR NOMINAL VOLTAGE.
b) CoIL SEALED VOLT-AMPERES (VA) NOT GREATER THAN FOUR (4) VA.

c) SILVER CADMIUM FORM C (SPDT) CONTACTS IN A DUSTPROOF ENCLOSURE,
WITH 8 OR 11 PIN TYPE PLUG.

d) LEDPILOT LIGHT INDICATION OF POWER-TO-COIL AND COIL RETAINER CLIPS.
e) COILRATED FOR 50 AND 60 HZ SERVICE.

f)  ACCEPTABLE MANUFACTURERS: RELAYS SHALL BE POTTER BRUMFIELD,
MODEL KRPA. SUBSTITUTIONS SHALL BE ALLOWED PER DIVISION 1.

2. RELAYS USED FOR ACROSS-THE-LINE CONTROL (START/STOP) OF 120V MOTORS, 1/4
HP, AND 1/3 HP, SHALL BE RATED TO BREAK MINIMUM 10 AMPS INDUCTIVE LOAD.
RELAYS SHALL BE IDEC. SUBSTITUTIONS SHALL BE ALLOWED PER DIVISION 1.

3. RELAYS USED FOR STOP/START CONTROL SHALL HAVE LOW VOLTAGE COILS (30
VAC OR LESS), AND SHALL BE PROVIDED WITH TRANSIENT AND SURGE
SUPPRESSION DEVICES AT THE CONTROLLER INTERFACE.

GENERAL PURPOSE POWER CONTACTORS: NEMA ICS 2, AC GENERAL-PURPOSE
MAGNETIC CONTACTOR. ANSI/NEMA ICS 6, NEMA TYPE 1ENCLOSURE.
MANUFACTURER SHALL BE SQUARE 'D', CUTLER-HAMMER OR WESTINGHOUSE.

CONTROL TRANSFORMERS: FURNISH AND INSTALL CONTROL TRANSFORMERS AS
REQUIRED. CONTROL TRANSFORMERS SHALL BE MACHINE TOOL TYPE, AND SHALL BE US
AND CSA LISTED. PRIMARY AND SECONDARY SIDES SHALL BE FUSED IN ACCORDANCE
WITH THE NEC. TRANSFORMER SHALL BE PROPER SIZE FOR APPLICATION, AND MOUNTED
IN MINIMUM NEMA-1 ENCLOSURE.

1. TRANSFORMERS SHALL BE MANUFACTURED BY:
a)  WESTINGHOUSE
b) SQUARE ‘D’
€) JEFFERSON
d) VERIS X100, X040, X020
e) SUBSTITUTIONS SHALL BE ALLOWED PER DIVISION 1.

TIME DELAY RELAYS (TDR): TDRS SHALL BE CAPABLE OF ON OR OFF DELAYED
FUNCTIONS, WITH ADJUSTABLE TIMING PERIODS, AND CYCLE TIMING LIGHT. CONTACTS
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SHALL BE RATED FOR THE APPLICATION WITH A MINIMUM OF TWO (2) SETS OF FORM C
CONTACTS, ENCLOSED IN A DUSTPROOF ENCLOSURE.

1. TDRS SHALL HAVE SILVER CADMIUM CONTACTS WITH A MINIMUM LIFE SPAN
RATING OF ONE MILLION OPERATIONS. TDRS SHALL HAVE SOLID STATE, PLUG-IN
TYPE COILS WITH TRANSIENT SUPPRESSION DEVICES.

2. TDRsSSHALL BE UL AND CSA LISTED, CROUZET TYPE. SUBSTITUTIONS SHALL BE
ALLOWED PER DIVISION 1.

ELECTRIC PUSH BUTTON SWITCH: SWITCH SHALL BE MOMENTARY CONTACT, OIL TIGHT,
PUSH BUTTON, WITH NUMBER OF N.O. AND/OR N.C. CONTACTS AS REQUIRED. CONTACTS
SHALL BE SNAP-ACTION TYPE, AND RATED FOR MINIMUM 120 VAC OPERATION. SWITCH
SHALL BE 800T TYPE, AS MANUFACTURED BY ALLEN BRADLEY. SUBSTITUTIONS SHALL
BE ALLOWED PER DIVISION 1.

PILOT LIGHT: PANEL-MOUNTED PILOT LIGHT SHALL BE NEMA ICS 2 OIL TIGHT,
TRANSFORMER TYPE, WITH SCREW TERMINALS, PUSH-TO-TEST UNIT, LED TYPE, RATED
FOR 120 VAC. UNIT SHALL BE 800T TYPE, AS MANUFACTURED BY ALLEN-BRADLEY.
SUBSTITUTIONS SHALL BE ALLOWED PER DIVISION 1.

ELECTRIC SELECTOR SWITCH (SS): SWITCH SHALL BE MAINTAINED CONTACT, NEMA
ICS 2, OIL-TIGHT SELECTOR SWITCH WITH CONTACT ARRANGEMENT, AS REQUIRED.
CONTACTS SHALL BE RATED FOR MINIMUM 120 VAC OPERATION. SWITCH SHALL BE 800T
TYPE, AS MANUFACTURED BY ALLEN-BRADLEY. SUBSTITUTIONS SHALL BE ALLOWED PER
DivisioN 1.

2.26  REFRIGERANT MONITOR

A.

GENERAL: CONTRACTOR SHALL PROVIDE A REFRIGERANT SENSITIVE INFRARED-BASED
STATIONARY REFRIGERANT GAS LEAK MONITOR SYSTEM DESIGNED TO CONTINUOUSLY
MEASURE REFRIGERANTS. REFRIGERANT MONITOR SHALL BE COORDINATED TO DETECT
{INSERT REFRIGERANT TYPES HERE IF KNOWN OR DELETE} REFRIGERANTS USED IN
CHILLER EQUIPMENT INSTALLED UNDER SECTION {INSERT APPROPRIATE SECTION}. THE
ALARM SYSTEM SHALL COMPLY WITH ANSI/ASHRAE 15-1994 AND LOCAL CODE
REQUIREMENTS.

THE REFRIGERANT MONITOR SHALL BE CAPABLE OF MONITORING MULTIPLE REFRIGERANT
GAS COMPOUNDS AT MULTIPLE LOCATIONS IN CONCENTRATIONS OF 0 PPM TO A

MINIMUM OF 1000 PPM. THE MONITOR SHALL HAVE A LOW RANGE RESOLUTION OF 1
PPM IN THE RANGE OF 1 PPM THROUGH 100 PPM. READINGS ABOVE 100 PPM MUST BE
ACCURATE TO WITHIN 5% OF READING. ACCURACY SHALL BE MAINTAINED WITHIN
AMBIENT ENVIRONMENTAL RANGES OF 0°C. THROUGH 50°C., (32°F. THROUGH 122°F.) AND
5% THROUGH 90% RELATIVE HUMIDITY, NON-CONDENSING.

THE REFRIGERANT MONITOR SHALL AUTOMATICALLY AND CONTINUOUSLY MONITOR THE
AREAS THROUGH A SAMPLE DRAW TYPE TUBULAR PICK UP SYSTEM WITH AN INTERNAL
PUMP AND FILTER. THE INSTALLATION OF THE MONITORING CONTROL AND THE TUBING
SHALL BE IN STRICT ACCORDANCE WITH THE MANUFACTURES INSTRUCTIONS. THE
LOCATION, ROUTING, AND FINAL POSITION OF THE SAMPLE TUBES SHALL BE SUBMITTED
TO THE ENGINEER WITH ALL NECESSARY SHOP DRAWINGS AND MONITOR SPECIFICATIONS
AND INSTALLATION INSTRUCTIONS. TUBING SIZE, TUBING MATERIAL, AND TUBE LENGTH
LIMITATIONS SHALL BE WITHIN THE SPECIFICATIONS OF THE MONITOR MANUFACTURE.
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THE LOCATION AND METHOD OF TUBE SUPPORT AND HANGERS MUST BE IDENTIFIED ON
THE SHOP DRAWINGS. EACH OF THE SAMPLING TUBES SHALL HAVE END OF LINE FILTERS.

D. THE ANALYZER WILL BE BASED ON INFRARED DETECTION TECHNOLOGY, AND WILL BE
FACTORY TESTED AND CALIBRATED FOR THE SPECIFIED REFRIGERANT OR REFRIGERANTS.
FACTORY CERTIFICATION OF THE CALIBRATIONS SHALL BE PROVIDED WITH THE O&M
MANUALS. . THE ANALYZER SHALL PROVIDE A MENU DRIVEN OR AUTOMATIC METHOD OF
CHECKING BOTH ZERO, SPAN CALIBRATION FOR EACH SENSOR, AND ALLOW FOR
ADJUSTMENT.

E. THE MONITOR SHALL BE EQUIPPED WITH 4 OUTPUTS. THREE RELAYS SHALL ENERGIZE AT
AN ADJUSTABLE USER DEFINED SET POINT BASED ON REFRIGERANT CONCENTRATION
LEVELS. THE RELAY THRESHOLD ADJUSTMENT SHALL BE PROTECTED BY KEYED OR
PASSWORD ACCESS CONTROLS. ADJUSTMENTS AND OBSERVATIONS SHALL BE MADE AT
THE FRONT PANEL OPERATOR INTERFACE. THE RELAY THRESHOLD VALUES CAN BE
VIEWED WITHOUT A PASSWORD. THE DIGITAL DISPLAY WILL CONTINUOUSLY DISPLAY
THE REFRIGERANT CONCENTRATION LEVEL AND ALARM STATUS. THE FOURTH OUTPUT
SHALL INDICATE A MONITOR MALFUNCTION ALARM. THE MONITOR SHALL ALSO HAVE AN
ANALOG OUTPUT THAT WILL PROVIDE A LINER SCALED REFERENCE TO THE REFRIGERANT
CONCENTRATION IN PARTS PER MILLION. THE ANALOG OUTPUT SIGNAL SHALL BE AN
INDUSTRY STANDARD DC VOLTAGE, OR MA CURRENT SIGNAL.

F. THE MONITOR SHALL HAVE A NEMA-4 MOISTURE RESISTANT ENCLOSURE WITH A
GASKETED, HINGED FRONT COVER. CONDUITS AND TUBE CONNECTIONS SHALL BE
LOCATED ON THE BOTTOM OF THE ENCLOSURE. THE ENCLOSURE SHALL HAVE A RUST
AND CORROSION RESISTANT FINISH.

G. THE FOLLOWING ALARM MODES WILL BE PROVIDED BY THE REFRIGERANT MONITOR:

1. ALARM LEVEL ONE - LOW LEVEL OF REFRIGERANT CONCENTRATION AT ONE OF
THE SAMPLING POINTS HAS DETECTED THE PRESENCE OF A POSSIBLE REFRIGERANT
LEAK. THE INITIAL ALARM THRESHOLD SHALL BE SET TO 5 PPM (ADJ.) AND
INCREASED IF THERE ARE NUISANCE ALARMS. THIS ALARM LEVEL SHALL BE
DISPLAYED ON THE REFRIGERANT MONITOR INTERFACE PANEL, INDICATING WHICH
SENSOR HAS TRIGGERED THE ALARM, AND THE ASSOCIATED CONCENTRATION OF
REFRIGERANT IN PPM. THIS EVENT WILL ALSO SEND AN ALARM LEVEL ONE
SIGNAL TO THE BAS THROUGH A DIGITAL OUTPUT FROM THE MONITOR RELAY.
THIS ALARM WILL REMAIN ACTIVE UNTIL THE REFRIGERANT CONCENTRATION IS
REDUCED BELOW SET POINT.

2. ALARM LEVEL TWO — THIS ALARM SHALL INDICATE THAT ONE OF THE SENSORS
HAS DETECTED A REFRIGERANT CONCENTRATION THAT IS APPROACHING
DANGEROUS LEVELS IN THE AREA BEING MONITORED. THIS ALARM SHALL BE SET
TO 25% BELOW THE MAXIMUM CALCULATED REFRIGERANT LEVEL SPECIFIED IN
ANSI/ASHRAE 15-1994 AND ASHRAE 34-1992. THIS ALARM WILL BE DISPLAYED
ON THE MONITOR INTERFACE, AND WILL INDICATE WHICH OF THE SENSORS HAS
CAUSED THE ALARM, AND THE HIGHEST CONCENTRATION IN PPM. THIS EVENT
WILL ALSO ACTIVATE THE BEACON AND AUDIBLE ALARM MOUNTED ON THE
REFRIGERANT MONITORING ENCLOSURE. THIS ALARM WILL ALSO BE SENT TO THE
BAS THROUGH THE DIGITAL OUTPUT OF THE RELAY. IN THIS MODE THE AUDIBLE
ALARM CAN BE SILENCED, BUT THE BEACON SHALL REMAIN ACTIVE UNTIL THE
FAULT IS CLEARED
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ALARM LEVEL THREE — THIS ALARM SHALL BE SET AT THE MAXIMUM
CALCULATED REFRIGERANT LEVEL SPECIFIED IN ANSI/ASHRAE 15-1994 AND
ASHRAE 34-1992 WHICHEVER IS THE LOWEST CONCENTRATION. THE
REFRIGERANT MONITOR INTERFACE WILL DISPLAY WHICH SENSOR HAS CAUSED THE
ALARM, AND THE ASSOCIATED CONCENTRATION IN PPM. THIS EVENT WILL ALSO
ACTIVATE THE BEACON AND AUDIBLE ALARM MOUNTED ON THE REFRIGERANT
MONITORING ENCLOSURE. |IF THE AUDIBLE ALARM HAD BEEN SILENCED BY AN
EARLIER ALARM, THE ACTIVATION OF THIS LEVEL THREE ALARM WILL CAUSE THE
AUDIBLE ALARM TO BE ACTIVATED AGAIN. THE RELAY IN THE REFRIGERANT
MONITORING PANEL SHALL ACTIVATE THE SPACE VENTILATION SYSTEM, AND WILL
DISABLE ALL COMBUSTION OR FLAME-PRODUCING EQUIPMENT VIA HARDWIRED
CONTROL INTERLOCKS. IN ADDITION, THIS EVENT AND WILL DE-ENERGIZE THE
ENERGY SOURCE FOR ANY HOT SURFACE (850°F OR 454°C) LOCATED IN THE SPACE.
INTERLOCKS MUST ALSO BE PROVIDED TO CLOSE ANY NORMALLY OPEN DOORS OR
OPENINGS TO THE SPACE FOR PROPER VENTILATION AND ISOLATION DURING THIS
ALARM CONDITION. THIS ALARM LEVEL WILL ALSO SIGNAL THE BAS THROUGH THE
DIGITAL OUTPUT THROUGH THE SAME RELAY. IN THIS MODE, THE AUDIBLE ALARM
CAN BE SILENCED, BUT THE BEACON SHALL REMAIN ACTIVE UNTIL THE FAULT IS
CLEARED.

ALL ALARM CONDITIONS SHALL BE REPORT TO THE BAS SYSTEM AS FOLLOWS:

1.

ALARM LEVEL ONE - THE LOWEST REFRIGERANT ALARM LEVEL SHALL DETECT
THE PRESENCE OF REFRIGERANT IN LOW CONCENTRATIONS AND ENERGIZE A RELAY
TO SIGNAL A LOW LEVEL ALARM TO THE BAS OPERATOR TERMINAL(S). THE ALARM
SHALL DISPLAY AN ALARM MESSAGE STATING THAT THERE IS APOTENTIAL
REFRIGERANT LEAK IN THE DESIGNATED AREA.

ALARM LEVEL TWO - THE SECOND REFRIGERANT LEVEL ALARM SHALL BE A
HIGH REFRIGERANT ALARM ALERT. THIS ALARM SHALL ENERGIZE A RELAY TO
SIGNAL THE BAS SYSTEM INDICATING A HIGH LEVEL ALARM ON THE BAS
OPERATOR TERMINAL(S). THIS BAS ALARM SHALL STATE THAT HIGH LEVELS OF
REFRIGERANT HAVE BEEN DETECTED IN THE DESIGNATED AREA.

FAULT ALARM — REPORTS A HIGH LEVEL ALARM TO THE BAS OPERATOR
TERMINAL(S) THAT THERE IS A FAULT IN THE REFRIGERANT MONITORING ALARM
SYSTEM.

THE FOLLOWING ONLY APPLIES FOR SMOKE CONTROL APPLICATIONS. UCB WILL PROVIDE DETAILS FOR INTERFACE TO

SIMPLEX SYSTEM.

2.27  [SMOKE CONTROL/FIREMAN’S OVERRIDE PANEL

A.

B.

INTEGRAL ENUNCIATOR/CONTROL PANEL PART OF COMPLETE ENGINEERED AND UUKL
864 LISTED SYSTEM.

PROVIDE CLEAR, LAMINATED GRAPHIC SCHEMATICALLY REPRESENTING THE BUILDING

AIR SYSTEMS. STATUS LEDS SHALL BE ASSOCIATED WITH GRAPHIC REPRESENTATIONS OF

FANS. OVERRIDE SWITCHES SHALL BE PROVIDED AS REQUIRED BY NFPA 110 TO ALLOW
OVERRIDE OF THE FANS AND DAMPERS APPLICABLE TO THE CODE REQUIREMENTS.
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C. INTERFACE WITH FIRE ALARM SYSTEM (SIMPLEX) AS REQUIRED TO IMPLEMENT THE

REQUIREMENTS SPECIFIED IN THE SEQUENCE OF OPERATIONS.]

228 NAMEPLATES

A.

w

PROVIDE ENGRAVED PHENOLIC OR MICARTA NAMEPLATES FOR ALL EQUIPMENT,
COMPONENTS, AND FIELD DEVICES FURNISHED. NAMEPLATES SHALL BE 1/8 THICK,
BLACK, WITH WHITE CENTER CORE, AND SHALL BE MINIMUM 1" X 3", WITH MINIMUM 1/4"
HIGH BLOCK LETTERING. NAMEPLATES FOR DEVICES SMALLER THAN 1" X 3" SHALL BE
ATTACHED TO ADJACENT SURFACE.

EACH NAMEPLATE SHALL IDENTIFY THE FUNCTION FOR EACH DEVICE.
FOR PUMP VARIABLE SPEED DRIVES (VSDS), PROVIDE AN ENGRAVED NAMEPLATE AT THE
VSD INDICATING THE LOCATION OF THE CONTROLLING REMOTE DIFFERENTIAL

PRESSURE (RDP) TRANSMITTER(S). LOCATION SHALL INCLUDE THE ‘PLAN’ ROOM
NUMBER AS WELL AS THE ACTUAL ‘BUILDING” ROOM NUMBER.

229 TESTING EQUIPMENT

A.

Part I1l.

CONTRACTOR SHALL TEST AND CALIBRATE ALL SIGNALING CIRCUITS OF ALL FIELD
DEVICES TO ASCERTAIN THAT REQUIRED DIGITAL AND ACCURATE ANALOG SIGNALS ARE
TRANSMITTED, RECEIVED, AND DISPLAYED AT SYSTEM OPERATOR TERMINALS, AND MAKE
ALL REPAIRS AND RECALIBRATIONS REQUIRED TO COMPLETE TEST. CONTRACTOR SHALL
BE RESPONSIBLE FOR TEST EQUIPMENT REQUIRED TO PERFORM THESE TESTS AND
CALIBRATIONS. TEST EQUIPMENT USED FOR TESTING AND CALIBRATION OF FIELD
DEVICES SHALL BE AT LEAST TWICE AS ACCURATE AS RESPECTIVE FIELD DEVICE (E.G., IF
FIELD DEVICE IS +/-0.5% ACCURATE, TEST EQUIPMENT SHALL BE +/-0.25% ACCURATE
OVER SAME RANGE).

PART 3 - EXECUTION

301 INSPECTION

A.

EXAMINE AREAS AND CONDITIONS UNDER WHICH CONTROL SYSTEMS ARE TO BE
INSTALLED. DO NOT PROCEED WITH WORK UNTIL UNSATISFACTORY CONDITIONS HAVE
BEEN CORRECTED IN MANNER ACCEPTABLE TO INSTALLER.

302 INSTALLATION OF CONTROL SYSTEMS

A.

GENERAL: INSTALL SYSTEMS AND MATERIALS IN ACCORDANCE WITH MANUFACTURER'S
INSTRUCTIONS, ROUGHING-IN DRAWINGS AND DETAILS SHOWN ON DRAWINGS. INSTALL
ELECTRICAL COMPONENTS AND USE ELECTRICAL PRODUCTS COMPLYING WITH
REQUIREMENTS OF NATIONAL ELECTRIC CODE AND ALL LOCAL CODES.

[MAIN CONTROL AIR PIPING: ALL MAIN AIR PIPING BETWEEN THE COMPRESSORS AND
THE CONTROL PANELS SHALL BE COPPER, RUN PER ASTM B88
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C. BRANCH CONTROL AIR PIPING: ACCESSIBLE TUBING IS DEFINED AS THAT TUBING RUN IN

MECHANICAL EQUIPMENT ROOMS; INSIDE MECHANICAL EQUIPMENT ENCLOSURES, SUCH
AS HEATING AND COOLING UNITS, INSTRUMENT PANELS; ACROSS ROOFS, IN PIPE CHASES,
ETC. INACCESSIBLE TUBING IS DEFINED AS THAT TUBING RUN IN CONCRETE SLABS;
FURRED WALLS; OR CEILINGS WITH NO ACCESS.

1.

PROVIDE COPPER TUBING WITH MAXIMUM UNSUPPORTED LENGTH OF 3'-0", FOR
ACCESSIBLE TUBING RUN EXPOSED TO VIEW. POLYETHYLENE TUBING MAY BE USED
IN LIEU OF ABOVE, WHEN RUN WITHIN ADEQUATELY SUPPORTED, RIGID ENCLOSURE,
SUCH AS METALLIC RACEWAYS, OR EMT. TERMINAL SINGLE-LINE CONNECTIONS
LESS THAN 18 IN LENGTH MAY BE COPPER TUBING, OR POLYETHYLENE TUBING RUN
INSIDE FLEXIBLE STEEL PROTECTION. ACCESSIBLE TUBING RUN IN CONCEALED
LOCATIONS, SUCH AS PIPE CHASES, SUSPENDED CEILINGS WITH EASY ACCESS, ETC.
MAY BE COPPER OR POLYETHYLENE BUNDLED AND SHEATHED TUBING.

PROVIDE COPPER OR POLYETHYLENE TUBING FOR INACCESSIBLE TUBING, OTHER
THAN IN CONCRETE POUR. |IF POLYETHYLENE TUBING IS USED, INSTALL IN EMT OR
VINYL-JACKETED POLYETHYLENE TUBING.

PRESSURE TEST CONTROL AIR PIPING AT 30 PSI (207 KPA) FOR 24 HOURS. TEST FAILS
IF MORE THAN 2 PSI LOSS OCCURS.

FASTEN FLEXIBLE CONNECTIONS BRIDGING CABINETS AND DOORS, NEATLY ALONG
HINGE SIDE, AND PROTECT AGAINST ABRASION. TIE AND SUPPORT TUBING NEATLY.

NUMBER-CODE OR COLOR-CODE TUBING, EXCEPT LOCAL INDIVIDUAL ROOM
CONTROL TUBING, FOR FUTURE IDENTIFICATION AND SERVICING OF CONTROL
SYSTEM. CODE SHALL BE AS INDICATED ON APPROVED INSTALLATION DRAWINGS.]

D. CONTROL WIRING: THE TERM "CONTROL WIRING" IS DEFINED TO INCLUDE PROVIDING OF
WIRE, CONDUIT AND MISCELLANEOUS MATERIALS AS REQUIRED FOR MOUNTING AND
CONNECTION OF ELECTRIC CONTROL DEVICES.

1.

WIRING SYSTEM: INSTALL COMPLETE WIRING SYSTEM FOR ELECTRIC CONTROL
SYSTEMS. CONCEAL WIRING EXCEPT IN MECHANICAL ROOMS AND AREAS WHERE
OTHER CONDUIT AND PIPING ARE EXPOSED. INSTALLATION OF WIRING SHALL
GENERALLY FOLLOW BUILDING LINES. INSTALL IN ACCORDANCE WITH NATIONAL
ELECTRICAL CODE AND DIVISION 16 OF THIS SPECIFICATION. FASTEN FLEXIBLE
CONDUCTORS BRIDGING CABINETS AND DOORS, NEATLY ALONG HINGE SIDE, AND
PROTECT AGAINST ABRASION. TIE AND SUPPORT CONDUCTORS NEATLY.

CONTROL WIRING CONDUCTORS: INSTALL CONTROL WIRING CONDUCTORS,
WITHOUT SPLICES BETWEEN TERMINAL POINTS, LABELED WITH DEVICE SERVED.
INSTALL IN NEAT WORKMANLIKE MANNER, SECURELY FASTENED. INSTALL IN
ACCORDANCE WITH NATIONAL ELECTRICAL CODE AND DIVISION 16 OF THIS
SPECIFICATION.

COMMUNICATION WIRING SHALL BE RUN IN SEPARATE CONDUIT FROM ALL OTHER
WIRING. SIGNAL WIRING AND LOW VOLTAGE CONTROL WIRING SHALL BE
INSTALLED SEPARATE FROM ANY WIRING OVER THIRTY (30) VOLTS. SIGNAL WIRING
SHIELD SHALL BE GROUNDED AT CONTROLLER END ONLY, UNLESS OTHERWISE
RECOMMENDED BY THE CONTROLLER MANUFACTURER. ALL COMMUNICATION WIRE
SHALL BE RAN IN ORANGE CONDUIT FOR ANDOVER CONTROLS, BLUE FOR PHOENIX
CONTROLS, IN AREAS NOT VIEWED BY THE GENERAL PUBLIC AND THE WIRING
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NEEDS TO BE LABELED FOR EASE OF IDENTIFICATION; ANY OTHER CONTROLS
APPLICATIONS NOT LISTED PRIOR WILL BE HAVE COLOR DETERMINED DURING
DESIGN.

4.  ALL WAN AND LAN COMMUNICATION WIRING SHIELD SHALL BE TERMINATED AS
RECOMMENDED BY CONTROLLER MANUFACTURER. ALL WAN AND LAN
COMMUNICATION WIRING SHALL BE ORANGE JACKETED AND LABELED WITH A
NETWORK NUMBER, DEVICE ID AT EACH TERMINATION AND SHALL CORRESPOND
WITH THE WAN AND LAN SYSTEM ARCHITECTURE AND FLOOR PLAN SUBMITTALS.

5. ALL COMMUNICATIONS WIRING SHALL BE IN CONDUIT UNLESS PRE-APPROVED BY
UCB.

6. ALL LOW-VOLTAGE WIRING EXTERNAL TO CONTROL PANELS SHALL BE IN CONDUIT,
UNLESS PRE-APPROVED. CONDUIT TYPE, SIZING, AND INSTALLATION
REQUIREMENTS SHALL CONFORM TO NEC AND DIVISION 16.

THE FOLLOWING ONLY APPLIES WHEN A PRE-APPROVED EXCEPTION TO CONDUIT
HAS BEEN GRANTED.

INSTALLATION OF WIRING SHALL GENERALLY FOLLOW BUILDING LINES. RUNIN A
NEAT AND ORDERLY FASHION, BUNDLED WHERE APPLICABLE, AND COMPLETELY
SUSPENDED (STRAPPED TO RIGID ELEMENTS OR ROUTED THROUGH WIRING RINGS)
AWAY FROM AREAS OF NORMAL ACCESS. TIE AND SUPPORT CONDUCTORS NEATLY
WITH SUITABLE NYLON TIES. CONDUCTORS SHALL NOT BE SUPPORTED BY THE
CEILING SYSTEM OR CEILING SUPPORT SYSTEM. CONDUCTORS SHALL BE PULLED
TIGHT AND BE INSTALLED AS HIGH AS PRACTICALLY POSSIBLE IN CEILING CAVITIES.
WIRING SHALL NOT BE LAID ON THE CEILING OR DUCT. CONDUCTORS SHALL NOT
BE INSTALLED BETWEEN THE TOP CORD OF A JOIST OR BEAM AND THE BOTTOM OF
ROOF DECKING. CONTRACTOR SHALL BE FULLY RESPONSIBLE FOR NOISE IMMUNITY
AND REWIRE IN CONDUIT IF ELECTRICAL OR RF NOISE AFFECTS PERFORMANCE.

7.  NUMBER-CODE OR COLOR-CODE CONDUCTORS APPROPRIATELY FOR FUTURE
IDENTIFICATION AND SERVICING OF CONTROL SYSTEM. CODE SHALL BE AS
INDICATED ON APPROVED INSTALLATION DRAWINGS. PREFERRED IDENTIFICATION
SYSTEM: BRADY

E. CONTROL VALVES: INSTALL SO THAT ACTUATORS, WIRING, [AND TUBING] CONNECTIONS
ARE ACCESSIBLE FOR MAINTENANCE. WHERE POSSIBLE, INSTALL WITH VALVE STEM AXIS
VERTICAL, WITH OPERATOR SIDE UP. WHERE VERTICAL STEM POSITION IS NOT POSSIBLE,
OR WOULD RESULT IN POOR ACCESS, VALVES MAY BE INSTALLED WITH STEM
HORIZONTAL. DO NOT INSTALL VALVES WITH STEM BELOW HORIZONTAL, OR DOWN.

F. FREEZESTATS: INSTALL FREEZESTATS IN A SERPENTINE FASHION WHERE SHOWN ON
DRAWING. PROVIDE ONE FOOT OF ELEMENT FOR EACH SQUARE FOOT OF COIL FACE AREA.
WHERE COIL FACE AREA EXCEEDS REQUIRED LENGTH OF ELEMENT, PROVIDE MULTIPLE
DEVICES, WIRED IN PARALLEL FOR NORMALLY OPEN CLOSE ON TRIP APPLICATION, WIRED
IN SERIES FOR NORMALLY CLOSED, OPEN ON TRIP APPLICATION. ADEQUATELY SUPPORT
WITH COIL CLIPS.

G. SPACE TEMPERATURE SENSORS: SENSORS SHALL BE LOCATED AS INDICATED ON
DRAWINGS.
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1. MOUNT NON-ADJUSTABLE SENSORS WITH CENTERLINE 60" ABOVE FINISHED FLOOR.
SENSORS WITH ADJUSTABLE SETPOINTS AND/OR OVERRIDE SWITCHES MUST BE
MOUNTED 36 TO 48” ABOVE FINISHED FLOOR; COORDINATE WITH UCB.

2.  COORDINATE LOCATION OF SENSOR WITH WORK OF OTHER TRADES SO SENSOR DOES
NOT CONFLICT WITH OR IS OBSTRUCTED BY SUCH ITEMS AS BLACKBOARDS,
BLEACHERS, BOOKCASES, ETC.

3. CONCEAL ALL CONTROL WIRING TO SENSORS LOCATED IN NEW FINISHED SPACES;
THE USE OF WIREMOLD IS PROHIBITED.

4.  THERMOSTATS LOCATED IN LOCKER ROOMS, TEAM ROOMS, STOREROOMS, AND
CORRIDORS SHALL BE FLUSH MOUNTED TYPE.

H. AVERAGING TEMPERATURE SENSORS: COVER NO MORE THAN THREE SQUARE FEET PER
LINEAR FOOT OF SENSOR LENGTH EXCEPT WHERE INDICATED. GENERALLY WHERE FLOW
IS SUFFICIENTLY HOMOGENEOUS/ADEQUATELY MIXED AT SENSING LOCATION, CONSULT
AE FOR REQUIREMENTS.

I AIRFLOW MEASURING STATIONS: INSTALL PER MANUFACTURER’S RECOMMENDATIONS IN
AN UNOBSTRUCTED STRAIGHT LENGTH OF DUCT (EXCEPT THOSE INSTALLATIONS
SPECIFICALLY DESIGNED FOR INSTALLATION IN FAN INLET). FOR INSTALLATIONS IN FAN
INLETS, PROVIDE ON BOTH INLETS OF DOUBLE INLET FANS AND PROVIDE INLET CONE
ADAPTER AS RECOMMENDED BY AFM STATION MANUFACTURER.

J. FLUID FLOW SENSORS: INSTALL PER MANUFACTURER’S RECOMMENDATIONS IN AN
UNOBSTRUCTED STRAIGHT LENGTH OF PIPE.
K. RELATIVE HUMIDITY SENSORS: PROVIDE ELEMENT GUARD AS RECOMMENDED BY

MANUFACTURER FOR HIGH VELOCITY INSTALLATIONS. FOR HIGH LIMIT SENSORS,
POSITION REMOTE ENOUGH TO ALLOW FULL MOISTURE ABSORPTION INTO THE AIR
STREAM BEFORE REACHING THE SENSOR.

L. DIFFERENTIAL PRESSURE TRANSMITTERS: PROVIDE VALVE BYPASS ARRANGEMENT TO
PROTECT AGAINST OVER PRESSURE DAMAGING THE TRANSMITTER.

M. FLOW SWITCHES: WHERE POSSIBLE, INSTALL IN A STRAIGHT RUN OF PIPE AT LEAST 15
DIAMETERS IN LENGTH TO MINIMIZE FALSE INDICATIONS.

N. PHASE-VOLTAGE-FREQUENCY MONITOR: ELECTRICAL CONTRACTOR SHALL PROVIDE

AND INSTALL. CONTROL CONTRACTOR SHALL COORDINATE INSTALLATION OF CONTROL
WIRING WITH ELECTRICAL CONTRACTOR.

0. CURRENT SWITCHES FOR MOTOR STATUS MONITORING: ADJUST SO THAT SETPOINT IS
BELOW MINIMUM OPERATING CURRENT AND ABOVE MOTOR NO LOAD CURRENT.
P. SUPPLY DUCT PRESSURE TRANSMITTERS:

1. GENERAL: INSTALL PRESSURE TIPS WITH AT LEAST 4 ‘ROUND EQUIVALENT’ DUCT
DIAMETERS OF STRAIGHT DUCT WITH NO TAKEOFFS UPSTREAM. INSTALL PRESSURE
TIPS SECURELY FASTENED WITH TIP FACING UPSTREAM IN ACCORDANCE WITH
MANUFACTURER’S INSTALLATION INSTRUCTIONS. LOCATE THE TRANSMITTER AT
AN ACCESSIBLE LOCATION TO FACILITATE CALIBRATION.

2. VAV SYSTEM ‘DOWN-DUCT’ TRANSMITTERS: LOCATE PRESSURE TIPS
APPROXIMATELY 2/3 OF THE HYDRAULIC DISTANCE TO THE MOST REMOTE
TERMINAL IN THE AIR SYSTEM. UCB MUST APPROVE FINAL LOCATION.
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SENSOR LOCATION TO FACILITATE SENSOR CALIBRATION. TEST PORTS SHALL BE 3/4”
DIAMETER MINIMUM AND ACCESSIBLE VIA A 2” X 4” JUNCTION BOX WITH INSULATED

COVER.

CUTTING AND PATCHING INSULATION: REPAIR INSULATION TO MAINTAIN INTEGRITY OF
INSULATION AND VAPOR BARRIER JACKET. USE HYDRAULIC INSULATING CEMENT TO FILL
VOIDS AND FINISH WITH MATERIAL MATCHING OR COMPATIBLE WITH ADJACENT JACKET

MATERIAL.

M15952- BAS Operator Interfaces

Part .

1.01

1.02

PART 1 - GENERAL

SECTION INCLUDES

A

B.
C.

OPERATOR WORKSTATIONS
CONTROL SYSTEM SERVERS
PORTABLE OPERATOR TERMINAL

RELATED DOCUMENTS

cCzIrx=-"IT6GmMMUOWP

15510 - BASIC MECHANICAL REQUIREMENTS.

15950 - BUILDING AUTOMATION SYSTEM (BAS) GENERAL

SECTION 23 0900 - BUILDING AUTOMATION SYSTEM (BAS) GENERAL
15951 - BAS BASIC MATERIALS, AND DEVICES

SECTION 23 0913 — BAS BASIC MATERIALS, INTERFACE DEVICES, AND SENSORS
15953 - BAS FIELD PANEL

SECTION 23 0903 - BAS FIELD PANEL

15954 - BAS COMMUNICATIONS DEVICES

SECTION 23 0904 - BAS COMMUNICATION DEVICES

15955 - BAS SOFTWARE AND PROGRAMMING

SECTION 23 0905 - BAS SOFTWARE AND PROGRAMMING

15958 — BAS SEQUENCE OF OPERATION

SECTION 23 0993 - SEQUENCES OF OPERATION

15959 — BAS COMMISSIONING

SECTION 23 0801 - BAS COMMISSIONING
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1.03 DESCRIPTION OF WORK
A FURNISH AND INSTALL SOFTWARE FOR OPERATOR INTERFACES AND CONTROL SYSTEM

SERVERS AS REQUIRED FOR THE BAS FUNCTIONS SPECIFIED. ALL INSTALLED SOFTWARE
SHALL BE SUPPORTED BY THE MANUFACTURER FOR A PERIOD OF TWO YEARS AFTER
SUBSTANTIAL COMPLETION AT NO ADDITIONAL COST TO THE UNIVERSITY.

B. REFER TO SECTION 15950 {23 0900} FOR GENERAL REQUIREMENTS.
Part II. PART 2 - PRODUCTS
201 OPERATOR WORKSTATION (OWS)
A. OPERATOR WORKSTATION HARDWARE AND OPERATING SYSTEM WILL BE PROVIDED AND
MAINTAINED BY THE UNIVERSITY. CONTRACTOR SHALL COORDINATE HARDWARE AND
OPERATING SYSTEM REQUIREMENTS WITH FMIT TO MEET SOFTWARE AND
SPECIFICATION REQUIREMENTS.
EDIT THE FOLLOWING AS APPLICABLE.
B. OPERATOR WORKSTATIONS SHALL BE PLACED AS FOLLOWS AND AS INDICATED ON THE
DRAWINGS OR AS DIRECTED BY THE UNIVERSITY.
2.02 CONTROL SYSTEM SERVER (CSS)
A. CONTROL SYSTEM SERVER HARDWARE AND OPERATING SYSTEM WILL BE PROVIDED AND
MAINTAINED BY THE UNIVERSITY. CONTRACTOR SHALL COORDINATE HARDWARE AND
OPERATING SYSTEM REQUIREMENTS WITH FMIT TO MEET SOFTWARE AND
SPECIFICATION REQUIREMENTS.
EDIT THE FOLLOWING AS APPLICABLE
B. CONTROL SYSTEM SERVER SHALL BE PLACED AS FOLLOWS AND AS INDICATED ON THE
DRAWINGS OR AS DIRECTED BY THE UNIVERSITY.
203 PORTABLE OPERATORS TERMINAL (POT)
A. PORTABLE OPERATORS TERMINAL HARDWARE AND OPERATING SYSTEM WILL BE
PROVIDED AND MAINTAINED BY THE UNIVERSITY. CONTRACTOR SHALL COORDINATE
HARDWARE AND OPERATING SYSTEM REQUIREMENTS WITH FMIT TO MEET SOFTWARE
AND SPECIFICATION REQUIREMENTS.
Part Ill. PART 3 - EXECUTION
3.01 INSTALLATION
A. INSTALL ALL SOFTWARE ON THE PROVIDED WORKSTATIONS AND VERIFY THAT THE
SYSTEMS ARE FULLY OPERATIONAL. ENSURE LICENSING IS PROVIDED FOR ALL
SOFTWARE.
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B. No LICENSE, SOFTWARE COMPONENT, KEY, ETC OR ANY PIECE OF INFORMATION

REQUIRED TO INSTALL, CONFIGURE, OPERATE, DIAGNOSE AND MAINTAIN THE SYSTEM
SHALL BE WITHHELD FROM THE UNIVERSITY.

INSTALL ELECTRONIC CONTROL SYSTEM OPERATION AND MAINTENANCE MANUALS,
PROGRAMMING GUIDES, NETWORK CONFIGURATION TOOLS, CONTROL SHOP DRAWINGS
ETC ON EACH OWS AND CSS. PROVIDE INTERFACE OR SHORTCUTS TO GUIDE USER TO
THE APPROPRIATE INFORMATION.

SET UP PORTABLE OPERATOR TERMINAL AND CONFIGURE IT AS A REMOTE
WORKSTATION. INSTALL ALL SOFTWARE AND VERIFY THAT THE SYSTEM IS FULLY
OPERATIONAL.

INSTALL SYSTEMS AND MATERIALS IN ACCORDANCE WITH MANUFACTURER’S
INSTRUCTIONS.

M15953 - BAS Field Panels

PART 1 - GENERAL

1.01

1.02

SECTION INCLUDES:

A BUILDING CONTROLLER (BC)

B. ADVANCE APPLICATION SPECIFIC CONTROLLER (AAC)

C. APPLICATION SPECIFIC CONTROLLER (ASC)

RELATED DOCUMENTS:

A. SECTION {INSERT APPLICABLE SPECIFICATION SECTION} - BASIC MECHANICAL
REQUIREMENTS

B. SECTION 15950 - BUILDING AUTOMATION SYSTEM (BAS) GENERAL — REFER TO THIS
SECTION FOR DEFINITIONS OF TERMINOLOGY

C. SECTION 23 0900 - BUILDING AUTOMATION SYSTEM (BAS) GENERAL

D. SECTION 15951 - BAS BASIC MATERIALS, INTERFACE DEVICES, AND SENSORS

E. SECTION 23 0913 — BAS BASIC MATERIALS, INTERFACE DEVICES, AND SENSORS

F. SECTION 15952 - BAS OPERATOR INTERFACES

G. SECTION 23 0902 - BAS OPERATOR INTERFACES

H. SECTION 15954 - BAS COMMUNICATIONS DEVICES

I SECTION 23 0904 - BAS COMMUNICATION DEVICES

J. SECTION 15955 - BAS SOFTWARE
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K. SECTION 23 0905 - BAS SOFTWARE AND PROGRAMMING
L. SECTION 15958 - SEQUENCE OF OPERATION
M. SECTION 23 0993 - SEQUENCES OF OPERATION
N. SECTION 15959 - BAS COMMISSIONING
0. SECTION 23 0801 - BAS COMMISSIONING

1.03 DESCRIPTION OF WORK:

A

B.
Part 1.

FURNISH AND INSTALL DDC CONTROL UNITS AND/OR SMART DEVICES REQUIRED TO
SUPPORT SPECIFIED BUILDING AUTOMATION SYSTEM FUNCTIONS.

REFER TO SECTION 15950 {23 0900} FOR GENERAL REQUIREMENTS.

PART 2 - PRODUCTS

201 STAND-ALONE FUNCTIONALITY

A

GENERAL: THESE REQUIREMENTS CLARIFY THE REQUIREMENT FOR STAND-ALONE
FUNCTIONALITY RELATIVE TO PACKAGING I/O DEVICES WITH A CONTROLLER. STAND-
ALONE FUNCTIONALITY IS SPECIFIED WITH THE CONTROLLER AND FOR EACH
APPLICATION CATEGORY SPECIFIED IN PART 3. THIS ITEM REFERS TO ACCEPTABLE
PARADIGMS FOR ASSOCIATING THE POINTS WITH THE PROCESSOR.

FUNCTIONAL BOUNDARY: PROVIDE CONTROLLERS SO THAT ALL POINTS ASSOCIATED
WITH AND COMMON TO ONE UNIT OR OTHER COMPLETE SYSTEM/EQUIPMENT SHALL
RESIDE WITHIN A SINGLE CONTROL UNIT. THE BOUNDARIES OF A STANDALONE SYSTEM
SHALL BE AS DICTATED IN THE CONTRACT DOCUMENTS. GENERALLY SYSTEMS
SPECIFIED FOR THE APPLICATION CATEGORY WILL DICTATE THE BOUNDARY OF THE
STANDALONE CONTROL FUNCTIONALITY. SEE RELATED RESTRICTIONS BELOW. WHEN
REFERRING TO THE CONTROLLER AS PERTAINS TO THE STANDALONE FUNCTIONALITY,
REFERENCE IS SPECIFICALLY MADE TO THE PROCESSOR. ONE PROCESSOR SHALL
EXECUTE ALL THE RELATED I/O CONTROL LOGIC VIA ONE OPERATING SYSTEM THAT USES
A COMMON PROGRAMMING AND CONFIGURATION TOOL.

THE FOLLOWING CONFIGURATIONS ARE CONSIDERED ACCEPTABLE WITH REFERENCE TO
A CONTROLLER’S STANDALONE FUNCTIONALITY:

1. POINTS PACKAGED AS INTEGRAL TO THE CONTROLLER SUCH THAT THE POINT
CONFIGURATION IS LISTED AS AN ESSENTIAL PIECE OF INFORMATION FOR ORDERING
THE CONTROLLER (HAVING A UNIQUE ORDERING NUMBER).

2.  CONTROLLERS WITH PROCESSORS AND MODULAR BACK PLANES THAT ALLOW PLUG
IN POINT MODULES AS AN INTEGRAL PART OF THE CONTROLLER.

3. /O POINT EXPANDER BOARDS, PLUGGED DIRECTLY INTO THE MAIN CONTROLLER
BOARD TO EXPAND THE POINT CAPACITY OF THE CONTROLLER.

4. 1/O POINT EXPANSION DEVICES CONNECTED TO THE MAIN CONTROLLER BOARD VIA
WIRING AND AS SUCH MAY BE REMOTE FROM THE CONTROLLER AND THAT
COMMUNICATE VIA A SUB LAN PROTOCOL. THESE ARRANGEMENTS TO BE
CONSIDERED STANDALONE SHALL HAVE A SUB LAN THAT IS DEDICATED TO THAT
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CONTROLLER AND INCLUDE NO OTHER CONTROLLER DEVICES (AACSs OR ASCS).
ALL WIRING TO INTERCONNECT THE I/O EXPANDER BOARD SHALL BE:

a) CONTAINED IN THE CONTROL PANEL ENCLOSURE;

b) ORRUN IN CONDUIT. WIRING SHALL ONLY BE ACCESSIBLE AT THE
TERMINATIONS.

D. THE FOLLOWING CONFIGURATIONS ARE CONSIDERED UNACCEPTABLE WITH REFERENCE
TO A CONTROLLER’S STANDALONE FUNCTIONALITY:

1.

MULTIPLE CONTROLLERS ENCLOSED IN THE SAME CONTROL PANEL TO ACCOMPLISH
THE POINT REQUIREMENT.

2.02 BUILDING CONTROLLER (BC)
A. GENERAL REQUIREMENTS:

1.

THE BC(S) SHALL PROVIDE FULLY DISTRIBUTED CONTROL INDEPENDENT OF THE
OPERATIONAL STATUS OF THE OWSS AND CSS. ALL NECESSARY CALCULATIONS
REQUIRED TO ACHIEVE CONTROL SHALL BE EXECUTED WITHIN THE BC
INDEPENDENT OF ANY OTHER DEVICE. ALL CONTROL STRATEGIES PERFORMED BY
THE BC(S) SHALL BE BOTH OPERATOR DEFINABLE AND MODIFIABLE THROUGH THE
OPERATOR INTERFACES.

BCsS SHALL PERFORM OVERALL SYSTEM COORDINATION, ACCEPT CONTROL
PROGRAMS, PERFORM AUTOMATED HVAC FUNCTIONS, CONTROL PERIPHERAL
DEVICES AND PERFORM ALL NECESSARY MATHEMATICAL AND LOGICAL FUNCTIONS.
BCs SHALL SHARE INFORMATION WITH THE ENTIRE NETWORK OF BCS AND
AACS/ASCS FOR FULL GLOBAL CONTROL. EACH CONTROLLER SHALL PERMIT
MULTI-USER OPERATION FROM MULTIPLE WORKSTATIONS AND PORTABLE
OPERATOR TERMINALS CONNECTED EITHER LOCALLY OR OVER THE PRIMARY
CONTROLLER LAN. EACH UNIT SHALL HAVE ITS OWN INTERNAL RAM, NON-
VOLATILE MEMORY, MICROPROCESSOR, BATTERY BACKUP, REGULATED POWER
SUPPLY, POWER CONDITIONING EQUIPMENT, PORTS FOR CONNECTION OF OPERATING
INTERFACE DEVICES, AND CONTROL ENCLOSURE. BCS SHALL BE PROGRAMMABLE
FROM AN OPERATOR WORKSTATION, PORTABLE OPERATORS TERMINAL, OR HAND
HELD OPERATING DEVICE. BC SHALL CONTAIN SUFFICIENT MEMORY FOR ALL
SPECIFIED GLOBAL CONTROL STRATEGIES, USER DEFINED REPORTS AND TRENDING,
COMMUNICATION PROGRAMS, AND CENTRAL ALARMING.

BCS SHALL BE CONNECTED TO A CONTROLLER NETWORK THAT QUALIFIES AS A
PRIMARY CONTROLLING LAN.

ALL BCS SHALL BE PROTECTED FROM ANY MEMORY LOSS DUE TO A LOSS OF POWER
BY ONE OR A COMBINATION OF THE FOLLOWING:

a) VOLATILE RAM SHALL HAVE A BATTERY BACKUP USING A LITHIUM BATTERY
WITH A RATED SERVICE LIFE OF FIFTY (50) HOURS, AND A RATED SHELF LIFE OF
AT LEAST FIVE YEARS. SELF-DIAGNOSTIC ROUTINE SHALL REPORT AN ALARM
FOR A LOW BATTERY CONDITION.

b) EEPROM, EPROM, oR NOVROM NON-VOLATILE MEMORY
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IN ADDITION BCS MAY PROVIDE INTELLIGENT, STANDALONE CONTROL OF HVAC
FUNCTIONS. EACH BC MAY BE CAPABLE OF STANDALONE DIRECT DIGITAL
OPERATION UTILIZING ITS OWN PROCESSOR, NON-VOLATILE MEMORY,
INPUT/OUTPUT, WIRING TERMINAL STRIPS, A/D CONVERTERS, REAL-TIME
CLOCK/CALENDAR AND VOLTAGE TRANSIENT AND LIGHTNING PROTECTION
DEVICES. REFER TO STANDALONE FUNCTIONALITY SPECIFIED ABOVE.

THE BC MAY PROVIDE FOR POINT MIX FLEXIBILITY AND EXPANDABILITY. THIS
REQUIREMENT MAY BE MET VIA EITHER A FAMILY OF EXPANDER BOARDS, MODULAR
INPUT/OUTPUT CONFIGURATION, OR A COMBINATION THEREOF. REFER TO STAND
ALONE FUNCTIONALITY SPECIFIED ABOVE.

ALL BC POINT DATA, ALGORITHMS AND APPLICATION SOFTWARE SHALL BE
MODIFIABLE FROM THE OPERATOR WORKSTATION.

EACH BC SHALL EXECUTE APPLICATION PROGRAMS, CALCULATIONS, AND
COMMANDS VIA A MICROPROCESSOR RESIDENT IN THE BC. THE DATABASE AND
ALL APPLICATION PROGRAMS FOR EACH BC SHALL BE STORED IN NON-VOLATILE OR
BATTERY BACKED VOLATILE MEMORY WITHIN THE BC AND WILL BE ABLE TO
UPLOAD/DOWNLOAD TO/FROM THE OWS AND/OR CSS.

BC SHALL PROVIDE BUFFER FOR HOLDING ALARMS, MESSAGES, TRENDS ETC.

EACH BC SHALL INCLUDE SELF-TEST DIAGNOSTICS, WHICH ALLOW THE BC TO
AUTOMATICALLY ALARM ANY MALFUNCTIONS, OR ALARM CONDITIONS THAT
EXCEED DESIRED PARAMETERS AS DETERMINED BY PROGRAMMING INPUT.

EACH BC SHALL CONTAIN SOFTWARE TO PERFORM FULL DDC/PID CONTROL
LOOPS.

FOR SYSTEMS REQUIRING END-OF-LINE RESISTORS THOSE RESISTORS SHALL BE
LOCATED IN THE BC.

INPUT-OUTPUT PROCESSING

a) DIGITAL OuTPUTS (DO): OUTPUTS SHALL BE RATED FOR A MINIMUM 24 VAC
OR VDC, 1 AMP MAXIMUM CURRENT. EACH SHALL BE CONFIGURABLE AS
NORMALLY OPEN OR NORMALLY CLOSED. EACH OUTPUT SHALL HAVE AN LED
TO INDICATE THE OPERATING MODE OF THE OUTPUT AND [A MANUAL HAND OFF
OR AUTO SWITCH TO ALLOW FOR OVERRIDE]. [IF THESE HOA SWITCHES ARE
NOT PROVIDED ON THE MAIN BOARD THEY SHALL BE PROVIDED VIA ISOLATION
RELAYS WITHIN THE CONTROL ENCLOSURE.] EACH DO SHALL BE DISCRETE
OUTPUTS FROM THE BC’S BOARD (MULTIPLEXING TO A SEPARATE
MANUFACTURER’S BOARD IS UNACCEPTABLE). PROVIDE SUPPRESSION TO
LIMIT TRANSIENTS TO ACCEPTABLE LEVELS.

b) ANALOG INPUTS (Al): Al SHALL BE 0-5 VVDC, 0-10 VVDC, AND 0-20 MA.
PROVIDE SIGNAL CONDITIONING, AND ZERO AND SPAN CALIBRATION FOR EACH
INPUT. EACH INPUT SHALL BE A DISCRETE INPUT TO THE BC’S BOARD
(MULTIPLEXING TO A SEPARATE MANUFACTURERS BOARD IS UNACCEPTABLE
UNLESS SPECIFICALLY INDICATED OTHERWISE). A/D CONVERTERS SHALL
HAVE A MINIMUM RESOLUTION OF 12 BITS.

c) DIGITAL INPUTS (DI): MONITOR DRY CONTACT CLOSURES. ACCEPT PULSED
INPUTS OF AT LEAST ONE PER SECOND. SOURCE VOLTAGE FOR SENSING SHALL
BE SUPPLIED BY THE BC AND SHALL BE ISOLATED FROM THE MAIN BOARD.
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d) UNIVERSAL INPUTS (UI-Al OR DI): TO SERVE AS EITHER Al OR DI AS SPECIFIED
ABOVE.

e) ELECTRONIC ANALOG OUTPUTS (AO): VOLTAGE MODE: 0-5 VVDC AND 0-10
VDC; CURRENT MODE: 4-20 MA. PROVIDE ZERO AND SPAN CALIBRATION AND
CIRCUIT PROTECTION. PULSE WIDTH MODULATED (PWM) ANALOG VIA A DO
[AND TRANSDUCER] IS ACCEPTABLE ONLY WITH UNIVERSITY APPROVAL
(GENERALLY THESE WILL NOT BE ALLOWED ON LOOPS WITH A SHORT TIME
CONSTANT SUCH AS DISCHARGE TEMPERATURE LOOPS, ECONOMIZER LOOPS,
PRESSURE CONTROL LOOPS AND THE LIKE. THEY ARE GENERALLY
ACCEPTABLE FOR STANDARD ROOM TEMPERATURE CONTROL LOOPS.). WHERE
THESE ARE ALLOWED, TRANSDUCER/ACTUATOR SHALL BE PROGRAMMABLE
FOR NORMALLY OPEN, NORMALLY CLOSED, OR HOLD LAST POSITION AND
SHALL ALLOW ADJUSTABLE TIMING. EACH DO SHALL BE DISCRETE OUTPUTS
FROM THE BC’S BOARD (MULTIPLEXING TO A SEPARATE MANUFACTURERS
BOARD IS UNACCEPTABLE). D/A CONVERTERS SHALL HAVE A MINIMUM
RESOLUTION OF 10 BITS.

f)  PULSED INPUTS: CAPABLE OF COUNTING UP TO 8 PULSES PER SECOND WITH
BUFFER TO ACCUMULATE PULSE COUNT. PULSES SHALL BE COUNTED AT ALL
TIMES.

A COMMUNICATION PORT FOR OPERATOR INTERFACE THROUGH A TERMINAL SHALL
BE PROVIDED IN EACH BC. IT SHALL BE POSSIBLE TO PERFORM ALL PROGRAM AND
DATABASE BACK-UP, SYSTEM MONITORING, CONTROL FUNCTIONS, AND BC
DIAGNOSTICS THROUGH THIS PORT. STANDALONE BC PANELS SHALL ALLOW
TEMPORARY USE OF PORTABLE DEVICES WITHOUT INTERRUPTING THE NORMAL
OPERATION OF PERMANENTLY CONNECTED MODEMS, PRINTERS, OR WORKSTATIONS.

EACH BC SHALL BE EQUIPPED WITH LOOP TUNING ALGORITHM FOR PRECISE
PROPORTIONAL, INTEGRAL, DERIVATIVE (PID) CONTROL. LOOP TUNING TOOLS
PROVIDED WITH THE OPERATOR WORKSTATION SOFTWARE IS ACCEPTABLE. IN ANY
CASE, TOOLS TO SUPPORT LOOP TUNING MUST BE PROVIDED SUCH THAT P, |, AND D
GAINS ARE AUTOMATICALLY CALCULATED.

ALL ANALOG OUTPUT POINTS SHALL HAVE A SELECTABLE FAILURE SETPOINT. THE
BC SHALL BE CAPABLE OF MAINTAINING THIS FAILURE SETPOINT IN THE EVENT OF A
SYSTEM MALFUNCTION, WHICH CAUSES LOSS OF BC CONTROL, OR LOSS OF OUTPUT
SIGNAL, AS LONG AS POWER IS AVAILABLE AT THE BC. THE FAILURE SETPOINT
SHALL BE SELECTABLE ON A PER POINT BASIS.

SLOPE INTERCEPTS AND GAIN ADJUSTMENTS SHALL BE AVAILABLE ON A PER-POINT
BASIS.

BC POWER LOSS:

a) UPON A LOSS OF POWER TO ANY BC, THE OTHER UNITS ON THE PRIMARY
CONTROLLING NETWORK SHALL NOT IN ANY WAY BE AFFECTED.

b) UPON A LOSS OF POWER TO ANY BC, THE BATTERY BACKUP SHALL ENSURE
THAT THE ENERGY MANAGEMENT CONTROL SOFTWARE, THE DIRECT DIGITAL
CONTROL SOFTWARE, THE DATABASE PARAMETERS, AND ALL OTHER
PROGRAMS AND DATA STORED IN THE RAM ARE RETAINED FOR A MINIMUM OF
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FIFTY (50) HOURS. AN ALARM DIAGNOSTIC MESSAGE SHALL INDICATE THAT
THE BC IS UNDER BATTERY POWER.

UPON RESTORATION OF POWER WITHIN THE SPECIFIED BATTERY BACKUP
PERIOD, THE BC SHALL RESUME FULL OPERATION WITHOUT OPERATOR
INTERVENTION. THE BC SHALL AUTOMATICALLY RESET ITS CLOCK SUCH THAT
PROPER OPERATION OF ANY TIME DEPENDENT FUNCTION IS POSSIBLE WITHOUT
MANUAL RESET OF THE CLOCK. ALL MONITORED FUNCTIONS SHALL BE
UPDATED.

SHOULD THE DURATION OF A LOSS OF POWER EXCEED THE SPECIFIED BATTERY
BACK-UP PERIOD OR BC PANEL MEMORY BE LOST FOR ANY REASON, THE PANEL
SHALL AUTOMATICALLY REPORT THE CONDITION (UPON RESUMPTION OF
POWER) AND BE CAPABLE OF RECEIVING A DOWNLOAD VIA THE NETWORK, AND
CONNECTED COMPUTER. IN ADDITION, THE UNIVERSITY SHALL BE ABLE TO
UPLOAD THE MOST CURRENT VERSIONS OF ALL ENERGY MANAGEMENT
CONTROL PROGRAMS, DIRECT DIGITAL CONTROL PROGRAMS, DATABASE
PARAMETERS, AND ALL OTHER DATA AND PROGRAMS IN THE MEMORY OF EACH
BC TO THE OPERATOR WORKSTATION VIA THE LOCAL AREA NETWORK, OR VIA
THE TELEPHONE LINE DIAL-UP MODEM WHERE APPLICABLE, OR TO THE LAPTOP
PC VIA THE LOCAL RS-232C PORT.

19. BC FAILURE:

20.

21.

22.

a)

b)

BUILDING CONTROLLER LAN DATA TRANSMISSION FAILURE: BC SHALL
CONTINUE TO OPERATE IN STAND-ALONE MODE. BC SHALL STORE LOSS OF
COMMUNICATION ALARM ALONG WITH THE TIME OF THE EVENT. ALL CONTROL
FUNCTIONS SHALL CONTINUE WITH THE GLOBAL VALUES PROGRAMMABLE TO
EITHER LAST VALUE OR A SPECIFIED VALUE. PEER BCS SHALL RECOGNIZE THE
LOSS, REPORT ALARM AND RECONFIGURE THE LAN.

BC HARDWARE FAILURE: BC SHALL CEASE OPERATION AND TERMINATE
COMMUNICATION WITH OTHER DEVICES. ALL OUTPUTS SHALL GO TO THEIR
SPECIFIED FAIL POSITION.

EACH BC SHALL BE EQUIPPED WITH FIRMWARE RESIDENT SELF-DIAGNOSTICS FOR
SENSORS AND BE CAPABLE OF ASSESSING AN OPEN OR SHORTED SENSOR CIRCUIT
AND TAKING AN APPROPRIATE CONTROL ACTION (CLOSE VALVE, DAMPER, ETC.).

BCs MAY INCLUDE LAN COMMUNICATIONS INTERFACE FUNCTIONS FOR
CONTROLLING SECONDARY CONTROLLING LANS REFER TO SECTION 15954 {23
0904} - BAS SYSTEM COMMUNICATIONS DEVICES FOR REQUIREMENTS IF THIS
FUNCTION IS PACKAGED WITH THE BC.

BCS SHALL BE MOUNTED ON EQUIPMENT, IN PACKAGED EQUIPMENT ENCLOSURES,
OR LOCKING WALL MOUNTED IN A NEMA 1 ENCLOSURE, AS SPECIFIED ELSEWHERE.
THE FOLLOWING ONLY APPLIES TO STRICT BACNET PROJECTS; COORDINATE WITH UCB

B. BACNET BUILDING CONTROLLER REQUIREMENTS:

THE BC(S) SHALL SUPPORT ALL BIBBS DEFINED IN THE BACNET BUILDING
CONTROLLER (B-BC) DEVICE PROFILE AS DEFINED IN THE BACNET STANDARD.

BCs SHALL COMMUNICATE OVER THE BACNET BUILDING CONTROLLER LAN.

1.

2.
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EACH BC SHALL BE CONNECTED TO THE BACNET BUILDING CONTROLLER LAN
COMMUNICATING TO/FROM OTHER BCS.

2.03  ADVANCED APPLICATION SPECIFIC CONTROLLER (AAC) AND APPLICATION SPECIFIC
CONTROLLER (AsC)

A

GENERAL REQUIREMENTS:

1.

AACS AND ASCS SHALL PROVIDE INTELLIGENT, STANDALONE CONTROL OF HVAC
EQUIPMENT. EACH UNIT SHALL HAVE ITS OWN INTERNAL RAM, NON-VOLATILE
MEMORY AND WILL CONTINUE TO OPERATE ALL LOCAL CONTROL FUNCTIONS IN THE
EVENT OF A LOSS OF COMMUNICATIONS ON THE ASC LAN OR SUB-LAN. REFER TO
STANDALONE REQUIREMENTS BY APPLICATION SPECIFIED IN PART 3 OF THIS
SECTION. IN ADDITION, IT SHALL BE ABLE TO SHARE INFORMATION WITH EVERY
OTHER BC AND AAC /ASC ON THE ENTIRE NETWORK.

EACH AAC AND ASC SHALL INCLUDE SELF-TEST DIAGNOSTICS THAT ALLOW THE
AAC /ASC TO AUTOMATICALLY RELAY TO THE BC, LAN INTERFACE DEVICE OR
WORKSTATION, ANY MALFUNCTIONS OR ABNORMAL CONDITIONS WITHIN THE AAC
/ASC OR ALARM CONDITIONS OF INPUTS THAT EXCEED DESIRED PARAMETERS AS
DETERMINED BY PROGRAMMING INPUT.

AACS AND ASCS SHALL INCLUDE SUFFICIENT MEMORY TO PERFORM THE SPECIFIC
CONTROL FUNCTIONS REQUIRED FOR ITS APPLICATION AND TO COMMUNICATE WITH
OTHER DEVICES.

EACH AAC AND ASC MUST BE CAPABLE OF STAND-ALONE DIRECT DIGITAL
OPERATION UTILIZING ITS OWN PROCESSOR, NON-VOLATILE MEMORY,
INPUT/OUTPUT, MINIMUM 8 BIT A TO D CONVERSION, VOLTAGE TRANSIENT AND
LIGHTNING PROTECTION DEVICES. ALL VOLATILE MEMORY SHALL HAVE A
BATTERY BACKUP OF AT LEAST FIFTY- (50) HRS WITH A BATTERY LIFE OF FIVE
YEARS.

ALL POINT DATA; ALGORITHMS AND APPLICATION SOFTWARE WITHIN AN AAC
/ASC SHALL BE MODIFIABLE FROM THE OPERATOR WORKSTATION.

AAC AND ASC INPUT-OUTPUT PROCESSING

a) DIGITAL OUTPUTS (DO): OUTPUTS SHALL BE RATED FOR A MINIMUM 24 VAC
OR VDC, 1 AMP MAXIMUM CURRENT. EACH SHALL BE CONFIGURABLE AS
NORMALLY OPEN OR NORMALLY CLOSED. EACH OUTPUT SHALL HAVE AN LED
TO INDICATE THE OPERATING MODE OF THE OUTPUT AND [A MANUAL HAND OFF
OR AUTO SWITCH TO ALLOW FOR OVERRIDE]. [IF THESE HOA SWITCHES ARE
NOT PROVIDED ON THE MAIN BOARD THEY SHALL BE PROVIDED VIA ISOLATION
RELAYS WITHIN THE CONTROL ENCLOSURE.] EACH DO SHALL BE DISCRETE
OUTPUTS FROM THE AAC/ASC’S BOARD (MULTIPLEXING TO A SEPARATE
MANUFACTURER’S BOARD IS UNACCEPTABLE). PROVIDE SUPPRESSION TO
LIMIT TRANSIENTS TO ACCEPTABLE LEVELS.

b) ANALOG INPUTS (Al): Al SHALL BE O-5 VDc, 0-10VDc, 0-20VDC, AND 0-20
MA. PROVIDE SIGNAL CONDITIONING, AND ZERO AND SPAN CALIBRATION FOR
EACH INPUT. EACH INPUT SHALL BE A DISCRETE INPUT TO THE BC’S BOARD
(MULTIPLEXING TO A SEPARATE MANUFACTURERS BOARD IS UNACCEPTABLE
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UNLESS SPECIFICALLY INDICATED OTHERWISE). A/D CONVERTERS SHALL
HAVE A MINIMUM RESOLUTION OF 8-10 BITS DEPENDING ON APPLICATION.

c) DIGITAL INPUTS (DI): MONITOR DRY CONTACT CLOSURES. ACCEPT PULSED
INPUTS OF AT LEAST ONE PER SECOND. SOURCE VOLTAGE FOR SENSING SHALL
BE SUPPLIED BY THE BC AND SHALL BE ISOLATED FROM THE MAIN BOARD.
SOFTWARE MULTIPLEXING OF AN Al AND RESISTORS MAY ONLY BE DONE IN
NON-CRITICAL APPLICATIONS AND ONLY WITH PRIOR APPROVAL OF
ARCHITECT/ENGINEER

d) UNIVERSAL INPUTS (UI-Al OR DI): TO SERVE AS EITHER Al OR DI AS SPECIFIED
ABOVE.

e) ELECTRONIC ANALOG OUTPUTS (AQO) AS REQUIRED BY APPLICATION:
VOLTAGE MODE, 0-5VDC AND 0-10VDC; CURRENT MODE (4-20 MA).
PROVIDE ZERO AND SPAN CALIBRATION AND CIRCUIT PROTECTION. D/A
CONVERTERS SHALL HAVE A MINIMUM RESOLUTION OF 8 BITS.

f)  [ANALOG OUTPUT PNEUMATIC (AOP), 0-20 PSI: PNEUMATIC OUTPUTS VIA AN
I/P TRANSDUCER OR 0-10vDC TO PNEUMATIC TRANSDUCER ARE ACCEPTABLE.
MULTIPLEXED PNEUMATIC OUTPUTS OF A SEPARATE MANUFACTURER ARE
UNACCEPTABLE.]

THE FOLLOWING ONLY APPLIES TO STRICT BACNET PROJECTS; COORDINATE WITH UCB

B. BACNET AAC(S) AND ASC(S) REQUIREMENTS:

1. THE AAC(S) AND ASC(S) SHALL SUPPORT ALL BIBBS DEFINED IN THE BACNET
BUILDING CONTROLLER (B-AAC AND B-ASC) DEVICE PROFILE AS DEFINED IN THE
BACNET STANDARD.

2. AAC(s) AND ASC(S) SHALL COMMUNICATE OVER THE BACNET BUILDING
CONTROLLER LAN OR THE ASC LAN OR SUB-LAN.

3. EACHBC SHALL BE CONNECTED TO THE BACNET BUILDING CONTROLLER LAN
COMMUNICATING TO/FROM OTHER BCs.

C. TERMINAL BOX CONTROLLERS:
1. TERMINAL BOX CONTROLLERS CONTROLLING DAMPER POSITIONS TO MAINTAIN A

QUANTITY OF SUPPLY OR EXHAUST AIR SERVING A SPACE SHALL HAVE AN
AUTOMATICALLY INITIATED FUNCTION THAT RESETS THE VOLUME REGULATOR
DAMPER TO THE FULLY CLOSED POSITION ON A SCHEDULED BASIS. THE
CONTROLLERS SHALL INITIALLY BE SET UP TO PERFORM THIS FUNCTION ONCE
EVERY 24 HOURS. THE PURPOSE OF THIS REQUIRED FUNCTION IS TO RESET AND
SYNCHRONIZE THE ACTUAL DAMPER POSITION WITH THE CALCULATED DAMPER
POSITION AND TO ASSURE THE DAMPER WILL COMPLETELY CLOSE WHEN
COMMANDED. THE SOFTWARE SHALL SELECT SCHEDULED BOXES RANDOMLY AND
SHALL NOT ALLOW MORE THAN 5% OF THE TOTAL QUANTITY OF CONTROLLERS IN A
BUILDING TO PERFORM THIS FUNCTION AT THE SAME TIME. WHEN POSSIBLE THE
CONTROLLERS SHALL PERFORM THIS FUNCTION WHEN THE SUPPLY OR EXHAUST AIR
SYSTEM IS NOT OPERATING OR IS UNOCCUPIED.
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Part Ill. PART 3 -EXECUTION
301 INSPECTION:
A. EXAMINE AREAS AND CONDITIONS UNDER WHICH CONTROL SYSTEMS ARE TO BE
INSTALLED. DO NOT PROCEED WITH WORK UNTIL UNSATISFACTORY CONDITIONS HAVE
BEEN CORRECTED IN MANNER ACCEPTABLE TO INSTALLER.
302 INSTALLATION OF CONTROL SYSTEMS:

3.03

A

GENERAL: INSTALL SYSTEMS AND MATERIALS IN ACCORDANCE WITH MANUFACTURER'S
INSTRUCTIONS, SPECIFICATIONS ROUGHING-IN DRAWINGS AND DETAILS SHOWN ON
DRAWINGS. CONTRACTOR SHALL INSTALL ALL CONTROLLERS IN ACCORDANCE WITH
MANUFACTURER’S INSTALLATION PROCEDURES AND PRACTICES.

HARDWARE APPLICATION REQUIREMENTS

A

GENERAL: THE FUNCTIONAL INTENT OF THIS SPECIFICATION IS TO ALLOW COST
EFFECTIVE APPLICATION OF MANUFACTURERS STANDARD PRODUCTS WHILE MAINTAIN
THE INTEGRITY AND RELIABILITY OF THE CONTROL FUNCTIONS. A BUILDING
CONTROLLER AS SPECIFIED ABOVE IS GENERALLY FULLY FEATURED AND CUSTOMIZABLE
WHEREAS THE AAC/ASC REFERS TO A MORE COST-EFFECTIVE UNIT DESIGNED FOR
LOWER-END APPLICATIONS. SPECIFIC REQUIREMENTS INDICATED BELOW ARE REQUIRED
FOR THE RESPECTIVE APPLICATION. MANUFACTURER MAY APPLY THE MOST COST-
EFFECTIVE UNIT THAT MEETS THE REQUIREMENT OF THAT APPLICATION.

STANDALONE CAPABILITY: EACH CONTROL UNIT SHALL BE CAPABLE OF PERFORMING
THE REQUIRED SEQUENCE OF OPERATION FOR THE ASSOCIATED EQUIPMENT. ALL
PHYSICAL POINT DATA AND CALCULATED VALUES REQUIRED TO ACCOMPLISH THE
SEQUENCE OF OPERATION SHALL ORIGINATE WITHIN THE ASSOCIATED CU WITH ONLY
THE EXCEPTIONS ENUMERATED BELOW. REFER TO ITEM 2.01 ABOVE FOR PHYSICAL
LIMITATIONS OF STANDALONE FUNCTIONALITY. LISTED BELOW ARE FUNCTIONAL POINT
DATA AND CALCULATED VALUES THAT SHALL BE ALLOWED TO BE OBTAINED FROM OR
STORED BY OTHER CUS OR SDs VvIA LAN.

WHERE ASSOCIATED CONTROL FUNCTIONS INVOLVE FUNCTIONS FROM DIFFERENT
CATEGORIES IDENTIFIED BELOW, THE REQUIREMENTS FOR THE MOST RESTRICTIVE
CATEGORY SHALL BE MET.

APPLICATION CATEGORY 0 (DISTRIBUTED MONITORING)
1.  APPLICATIONS IN THIS CATEGORY INCLUDE THE FOLLOWING:

a) MONITORING OF VARIABLES THAT ARE NOT USED IN A CONTROL LOOP,
SEQUENCE LOGIC, OR SAFETY.

2. POINTS ON BCSs, AACS, AND ASCS MAY BE USED IN THESE APPLICATIONS AS WELL
AS SDS AND/OR GENERAL-PURPOSE I/O MODULES.

3. WHERE THESE POINTS ARE TRENDED, CONTRACTOR SHALL VERIFY AND DOCUMENT
THAT THE NETWORK BANDWIDTH IS ACCEPTABLE FOR SUCH TRENDS AND IS STILL
CAPABLE OF ACCEPTABLE AND TIMELY CONTROL FUNCTION.

APPLICATION CATEGORY 1 (APPLICATION SPECIFIC CONTROLLER):
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APPLICATIONS IN THIS CATEGORY INCLUDE THE FOLLOWING:

a) FANColL UNITS

b) AIRFLOW CONTROL BOXES (VAV AND CONSTANT VOLUME TERMINAL UNITS)
c) Misc. HEATERS

d) UNITARY EQUIPMENT <15 TONS (PACKAGE TERMINAL AC UNITS, PACKAGE
TERMINAL HEAT PUMPS, SPLIT-SYSTEM AC UNITS, SPLIT-SYSTEM HEAT
PUMPS, WATER-SOURCE HEAT PUMPS)

e) INDUCTION UNITS

f)  VARIABLE SPEED DRIVE (VSD) CONTROLLERS NOT REQUIRING SAFETY
SHUTDOWNS OF THE CONTROLLED DEVICE.

ASCS MAY BE USED IN THESE APPLICATIONS.

STANDALONE CAPABILITY: PROVIDE CAPABILITY TO EXECUTE CONTROL
FUNCTIONS FOR THE APPLICATION FOR A GIVEN SETPOINT OR MODE, WHICH SHALL
GENERALLY BE OCCUPIED MODE CONTROL. ONLY THE FOLLOWING DATA (AS
APPLICABLE) MAY BE ACQUIRED FROM OTHER CONTROLLERS VIA LANS. IN THE
EVENT OF A LOSS OF COMMUNICATIONS WITH ANY OTHER CONTROLLER, OR ANY
FAULT IN ANY SYSTEM HARDWARE THAT INTERRUPTS THE ACQUISITION OF ANY OF
THESE VALUES, THE ASC SHALL USE THE LAST VALUE OBTAINED BEFORE THE
FAULT OCCURRED. IF SUCH FAULT HAS NOT BEEN CORRECTED AFTER THE SPECIFIED
DEFAULT DELAY TIME, SPECIFIED DEFAULT VALUE(S) SHALL THEN BE SUBSTITUTED
UNTIL SUCH FAULT HAS BEEN CORRECTED.

PHYSICAL/VIRTUAL POINT DEFAULT VALUE
SCHEDULING PERIOD NORMAL
MORNING WARM-UP OFF (COLD DISCHARGE AIR)
LOAD SHED OFF (NO SHEDDING)
SUMMER/WINTER WINTER

MOUNTING:

a) ASCS THAT CONTROL EQUIPMENT LOCATED ABOVE ACCESSIBLE CEILINGS
SHALL BE MOUNTED ON THE EQUIPMENT IN AN ACCESSIBLE ENCLOSURE (36”
CLEARANCE REQUIRED) AND SHALL BE RATED FOR PLENUM USE.

b) ASCS THAT CONTROL EQUIPMENT MOUNTED IN A MECHANICAL ROOM MAY
EITHER BE MOUNTED IN, ON THE EQUIPMENT, OR ON THE WALL OF THE
MECHANICAL ROOM AT AN ADJACENT, ACCESSIBLE LOCATION.

c) ASCS THAT CONTROL EQUIPMENT MOUNTED OUTSIDE OR IN OCCUPIED SPACES
SHALL EITHER BE LOCATED IN THE UNIT OR IN A PROXIMATE MECHANICAL
SPACE.

d) SECTION 15953 {23 0913} CONTRACTOR MAY FURNISH ASCS TO THE
TERMINAL UNIT MANUFACTURER FOR FACTORY MOUNTING.
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PROGRAMMABILITY: OPERATOR SHALL BE ABLE TO MODIFY ALL SETPOINTS
(TEMPERATURE AND AIRFLOW), SCHEDULING PARAMETERS ASSOCIATED WITH THE
UNIT, TUNING AND SET UP PARAMETERS, INTERSTAGE TIMING PARAMETERS, AND
MODE SETTINGS. APPLICATION-SPECIFIC BLOCK CONTROL ALGORITHMS MAY BE
USED TO MEET THE SEQUENCE OF OPERATIONS. THE ABILITY TO CUSTOMIZE THE
CONTROL ALGORITHM IS NOT REQUIRED UNLESS SPECIFICALLY INDICATED
OTHERWISE.

NETWORK RESTRICTIONS: LIMIT THE NUMBER OF NODES ON THE NETWORK TO THE
MAXIMUM RECOMMENDED BY THE MANUFACTURER.

F. APPLICATION CATEGORY 2 (GENERAL PURPOSE TERMINAL CONTROLLER)

1.

APPLICATIONS IN THIS CATEGORY INCLUDE THE FOLLOWING:

a) UNITARY EQUIPMENT >= 15 TONS (AIR CONDITIONERS, HEAT PUMPS,
PACKAGED HEATING/COOLING UNITS, AND THE LIKE)

b) SMALL, CONSTANT VOLUME SINGLE ZONE AIR HANDLING UNITS
c) CONSTANT VOLUME PUMP START/STOP
d) Misc. EQUIPMENT (EXHAUST FAN) START/STOP

e) Misc. MONITORING (NOT DIRECTLY ASSOCIATED WITH A CONTROL SEQUENCE
AND WHERE TRENDING IS NOT CRITICAL)

f)  STEAM CONVERTER CONTROL
BCS MAY BE USED IN THESE APPLICATIONS.

ASC’S MAY BE USED IN THESE APPLICATIONS PROVIDED THE ASC MEETS ALL
REQUIREMENTS SPECIFIED BELOW. THIS CATEGORY REQUIRES A GENERAL-PURPOSE
ASC TO WHICH APPLICATION-SPECIFIC CONTROL ALGORITHMS CAN BE ATTACHED.

STANDALONE CAPABILITY: ONLY THE FOLLOWING DATA (AS APPLICABLE) MAY BE
ACQUIRED FROM OTHER ASCS VIA LANS. IN THE EVENT OF A LOSS OF
COMMUNICATIONS WITH ANY OTHER ASCS, OR ANY FAULT IN ANY SYSTEM
HARDWARE THAT INTERRUPTS THE ACQUISITION OF ANY OF THESE VALUES, THE
AAC/ASC SHALL USE THE LAST VALUE OBTAINED BEFORE THE FAULT OCCURRED.

MOUNTING:

a) ASCSTHAT CONTROL EQUIPMENT LOCATED ABOVE ACCESSIBLE (36”
CLEARANCE REQUIRED) CEILINGS SHALL BE MOUNTED ON THE EQUIPMENT AND
SHALL BE RATED FOR PLENUM USE.

b) ASCS THAT CONTROL EQUIPMENT LOCATED IN OCCUPIED SPACES OR OUTSIDE
SHALL EITHER BE MOUNTED WITHIN THE EQUIPMENT ENCLOSURE
(RESPONSIBILITY FOR PHYSICAL FIT REMAINS WITH THE CONTRACTOR) OR IN A
NEAR BY MECHANICAL/UTILITY ROOM IN WHICH CASE IT SHALL BE ENCLOSED
INANEMA 1, LOCKING ENCLOSURE.

PROGRAMMABILITY: OPERATOR SHALL BE ABLE TO MODIFY ALL SETPOINTS
(TEMPERATURE AND AIRFLOW), SCHEDULING PARAMETERS ASSOCIATED WITH THE
UNIT, TUNING AND SET UP PARAMETERS, INTERSTAGE TIMING PARAMETERS, AND
MODE SETTINGS. OPERATOR SHALL BE ABLE TO ADDRESS AND CONFIGURE SPARE
INPUTS FOR MONITORING. [OPERATOR SHALL BE ABLE TO ADDRESS AND CONFIGURE
SPARE OUTPUTS FOR SIMPLE SINGLE LOOP CONTROL ACTIONS OR EVENT INITIATED
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ACTIONS.] APPLICATION-SPECIFIC BLOCK CONTROL ALGORITHMS MAY BE USED TO
MEET THE SEQUENCE OF OPERATIONS.

7.  NETWORK RESTRICTIONS: LIMIT THE NUMBER OF NODES SERVICING ANY ONE OF
THESE APPLICATIONS ON THE AAC/ASC LAN T0 32.

G. APPLICATION CATEGORY 3 (ADVANCED APPLICATION CONTROLLER)

1. APPLICATIONS IN THIS CATEGORY INCLUDE THE FOLLOWING:
a) LARGE CONSTANT VOLUME AIR HANDLERS
b) VAV AIR HANDLERS {GENERALLY >5,000 AND <10,000CFM}
c) DuAL DucT AIR HANDLERS {GENERALLY >5000 AND < 10,000 cCFM}
d) MULTIZONE AIR HANDLERS
e) SELF CONTAINED VAV UNITS

2. BCs MAY BE USED IN THESE APPLICATIONS.

3.  AAC’S MAY BE USED IN THESE APPLICATIONS PROVIDED:
a) THE AAC’S MEETS ALL REQUIREMENTS SPECIFIED BELOW.

b) ALL CONTROL FUNCTIONS AND PHYSICAL I/O ASSOCIATED WITH A GIVEN UNIT
RESIDES IN ONE AAC.

c) INPUT A/D 1S 10-BIT. EXCEPTION: 8-BIT INPUT A/D CAN BE USED WHEN
MATCHED WITH HIGH ACCURACY SENSORS, THE RANGE OF WHICH MEETS THE
RESOLUTION REQUIREMENTS SPECIFIED FOR THE APPLICABLE SENSOR IN
SECTION 15951 {23 0900}.

d) PULSED INPUTS REQUIRED FOR THE APPLICATION CAN BE MONITORED AND
ACCUMULATED EFFECTIVELY.

4. STANDALONE CAPABILITY: ONLY THE FOLLOWING DATA (AS APPLICABLE) MAY BE
ACQUIRED FROM OTHER AACS VIA LANS. IN THE EVENT OF A LOSS OF
COMMUNICATIONS WITH ANY OTHER AACS, OR ANY FAULT IN ANY SYSTEM
HARDWARE THAT INTERRUPTS THE ACQUISITION OF ANY OF THESE VALUES, THE
AAC SHALL USE THE LAST VALUE OBTAINED BEFORE THE FAULT OCCURRED.

5. MOUNTING:

a) AACS THAT CONTROL EQUIPMENT LOCATED ABOVE ACCESSIBLE (36"
CLEARANCE REQUIRED) CEILINGS SHALL BE MOUNTED ON THE EQUIPMENT AND
SHALL BE RATED FOR PLENUM USE.

b) AACS THAT CONTROL EQUIPMENT LOCATED IN OCCUPIED SPACES OR OUTSIDE
SHALL EITHER BE MOUNTED WITHIN THE EQUIPMENT ENCLOSURE
(RESPONSIBILITY FOR PHYSICAL FIT REMAINS WITH THE CONTRACTOR) OR IN A
NEAR BY MECHANICAL/UTILITY ROOM IN WHICH CASE IT SHALL BE ENCLOSED
INANEMA 1, LOCKING ENCLOSURE.

6. PROGRAMMABILITY: OPERATOR SHALL BE ABLE TO MODIFY ALL SETPOINTS
(TEMPERATURE AND AIRFLOW), SCHEDULING PARAMETERS ASSOCIATED WITH THE
UNIT, TUNING AND SET UP PARAMETERS, INTERSTAGE TIMING PARAMETERS, AND
MODE SETTINGS. OPERATOR SHALL BE ABLE TO ADDRESS AND CONFIGURE SPARE
INPUTS FOR MONITORING. OPERATOR SHALL BE ABLE TO PROGRAM CUSTOM DDC
CONTROL ALGORITHMS AND SPECIFY TRENDING PARAMETERS, WHICH WILL BE
RETAINED IN MEMORY IN THE EVENT OF A LOSS OF COMMUNICATIONS.
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APPLICATION-SPECIFIC BLOCK CONTROL ALGORITHMS MAY BE USED PROVIDED
THEY MEET THE SEQUENCE OF OPERATIONS. THE CONTROL ALGORITHMS SHALL BE
COMPLETELY CUSTOMIZABLE.

7.  NETWORK RESTRICTIONS: EACH LAN WHICH PARTICIPATES IN THE TRANSFER OF
DATA BETWEEN THE CU AND THE LOCAL OPERATOR WORKSTATION SHALL BE
SUBJECT TO THE FOLLOWING CRITERIA!

a) LIMIT THE NUMBER OF NODES SERVICING ANY ONE OF THESE APPLICATIONS ON
THE AAC/ASC LAN TO 16.

b) THE BUILDING CONTROLLER LAN SHALL BE SUBJECT ONLY TO
MANUFACTURER’S PUBLISHED LAN LIMITATIONS.

H. APPLICATION CATEGORY 4
1.  APPLICATIONS IN THIS CATEGORY INCLUDE THE FOLLOWING:

a) CENTRAL COOLING PLANT

b) CENTRAL HEATING PLANT

c) COOLING TOWERS

d) SEQUENCED OR VARIABLE SPEED PUMP CONTROL

e) LocAL CHILLER CONTROL (UNIT SPECIFIC)

f) LocAL FREE COOLING HEAT EXCHANGER CONTROL

g) AIRHANDLERS OVER 10,000 CFM OR SERVING CRITICAL AREAS

2. BCSSHALL BE USED IN THESE APPLICATIONS.

THE FOLLOWING DOES NOT APPLY TO ALL PROJECTS; COORDINATE WITH UCB

304 NETWORKBANDWIDTH MANAGEMENT

A. THIS SECTION IS DESIGNED TO ADDRESS THE MS/TP NETWORKS WITHIN THE DDC
SYSTEMS. INFORMATION PASSED WITHIN THE MS/TP NETWORK WILL GREATLY AFFECT
THE OVERALL PERFORMANCE OF THE BUILDING SYSTEMS. SCAN TIMES FROM THE FIRST
CONTROLLER TO THE LAST CONTROLLER WITHIN THE BUILDING NETWORK THAT EXCEED
2 SECONDS ARE NOT ACCEPTABLE. IF SCAN TIMES OF 2 SECONDS OR LESS CANNOT BE
ACHIEVED, CONTACT UCB.

B. ONCE THE NETWORK 1S PROPERLY CONFIGURED THE CONTRACTOR SHALL PROVIDE A
NETWORK BANDWIDTH ANALYSIS OF THE CONTROLLER NETWORK. THE ANALYSIS SHALL
DOCUMENT NETWORK BANDWIDTH UTILIZATION DOES NOT EXCEED THE REQUIREMENTS
STATED ABOVE FOR A CONTINUOUS ONE HOUR PERIOD.

305 CONTROL UNIT REQUIREMENTS

A. REFER TO SECTION 15950 {23 0900} FOR REQUIREMENTS PERTAINING TO CONTROL UNIT
QUANTITY AND LOCATION.
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M15954 - BAS COMMUNICATION DEVICES

Part . PART 1 - GENERAL

1.01 SECTION INCLUDES
A. NETWORK CONNECTION
B. LocAL SUPERVISORY LAN GATEWAYS/ROUTERS
C. CHILLER CONTROLS INTERFACE DEVICE (CID)

1.02 RELATED DOCUMENTS:

A. DRAWINGS AND GENERAL PROVISIONS OF CONTRACT, INCLUDING GENERAL AND
SUPPLEMENTARY CONDITIONS AND DIVISION-1 SPECIFICATION SECTIONS, APPLY TO
WORK OF THIS SECTION.

SECTION 15010 - BASIC MECHANICAL REQUIREMENTS

SECTION 15950 - BUILDING AUTOMATION SYSTEM (BAS) GENERAL

SECTION 23 0900 - BUILDING AUTOMATION SYSTEM (BAS) GENERAL
SECTION 15951 - BAS BASIC MATERIALS, INTERFACE DEVICES, AND SENSORS
SECTION 23 0913 — BAS BASIC MATERIALS, INTERFACE DEVICES, AND SENSORS
SECTION 15952 - BAS OPERATOR INTERFACES

SECTION 23 0902 - BAS OPERATOR INTERFACES

SECTION 15953 - BAS FIELD PANELS

SECTION 23 0903 - BAS FIELD PANELS

SECTION 15955 - BAS SOFTWARE

SECTION 23 0905 - BAS SOFTWARE AND PROGRAMMING

SECTION 15958 - SEQUENCES OF OPERATION

SECTION 23 0993 - SEQUENCES OF OPERATION

SECTION 15959 - BAS COMMISSIONING

SECTION 23 0801 - BAS COMMISSIONING

TOZZIrRARE~"IOMMUOW®

1.03 DESCRIPTION OF WORK

A. CONTRACTOR SHALL PROVIDE ALL INTERFACE DEVICES AND SOFTWARE TO PROVIDE AN
INTEGRATED SYSTEM CONNECTING BCs, AACS, ASCS AND GATEWAYS TO THE
UNIVERSITY NETWORK.

Part 11. PART 2 - PRODUCTS
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2.01 NETWORKCONNECTION

A

UCB PRIVATE VLAN: INTERNET-BASED NETWORK CONNECTING THE BAS ACROSS
MULTIPLE FACILITIES WITH A CENTRAL DATA WAREHOUSE AND SERVER, ACCESSIBLE VIA
STANDARD WEB-BROWSER. THIS IS AN EXISTING INFRASTRUCTURE AND CONTRACTOR IS
NOT REQUIRED TO CONFIGURE ANY COMPONENTS OF THIS VLAN.

THE FOLLOWING ONLY APPLIES TO STRICT BACNET SYSTEMS AND WILL TYPICALLY BE
DELETED.

CONTRACTOR IS HOWEVER REQUIRED TO PROVIDE BACNET OBJECTS AND SERVICES AT
THE LOCAL SUPERVISORY LAN VIA BACNET OVER IP.

2.02  LOCAL SUPERVISORY LAN GATEWAYS/ROUTERS

A

THE SUPERVISORY GATEWAY SHALL BE A MICROPROCESSOR-BASED COMMUNICATIONS
DEVICE THAT ACTS AS A GATEWAY/ROUTER BETWEEN THE SUPERVISORY LAN CSSs OR
OWS AND THE PRIMARY LAN.

THE GATEWAY SHALL PERFORM INFORMATION TRANSLATION BETWEEN THE PRIMARY
LAN AND THE LOCAL SUPERVISORY LAN, WHICH Is 100 MBPS ETHERNET TCP/IP AND
SHALL PREFERABLY USE BACNET OVER IP.

THE GATEWAY SHALL CONTAIN ITS OWN MICROPROCESSOR, RAM, BATTERY, REAL-TIME
CLOCK, COMMUNICATION PORTS, AND POWER SUPPLY AS SPECIFIED FOR A BC IN
SECTION 15953 {23 0903}. EACH GATEWAY/ROUTER SHALL BE MOUNTED IN A
LOCKABLE ENCLOSURE UNLESS IT IS A PC THAT ALSO SERVES AS AN OWS.

THE GATEWAY/ROUTER SHALL ALLOW CENTRALIZED OVERALL SYSTEM SUPERVISION,
OPERATOR INTERFACE, MANAGEMENT REPORT GENERATION, ALARM ANNUNCIATION,
ACQUISITION OF TREND DATA, AND COMMUNICATION WITH CONTROL UNITS. IT SHALL
ALLOW SYSTEM OPERATORS TO PERFORM THE FOLLOWING FUNCTIONS FROM THE CSS,
OWSs, AND POTS:

CONFIGURE SYSTEMS.

MONITOR AND SUPERVISE CONTROL OF ALL POINTS.

CHANGE CONTROL SETPOINTS.

OVERRIDE INPUT VALUES.

OVERRIDE OUTPUT VALUES

ENTER PROGRAMMED START/STOP TIME SCHEDULES.

VIEW AND ACKNOWLEDGE ALARMS AND MESSAGES.

RECEIVE, STORE AND DISPLAY TREND LOGS AND MANAGEMENT REPORTS.
UPLOAD/DOWNLOAD PROGRAMS, DATABASES, ETC. AS SPECIFIED.

UPON LOSS OF POWER TO THE GATEWAY, THE BATTERY SHALL PROVIDE FOR MINIMUM
100 HOUR BACKUP OF ALL PROGRAMS AND DATA IN RAM. THE BATTERY SHALL BE
SEALED AND SELF-CHARGING.

THE GATEWAY SHALL BE TRANSPARENT TO CONTROL FUNCTIONS AND SHALL NOT BE
REQUIRED TO CONTROL INFORMATION ROUTING ON THE PRIMARY LAN

O N o s wdE
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2.03  CHILLER CONTROLS INTERFACE DEVICE (CID)

A. THE CID SHALL BE A MICROPROCESSOR-BASED COMMUNICATIONS DEVICE THAT ACTS
AS A GATEWAY BETWEEN THE CONTROL PROTOCOL AND THE APPLICABLE CHILLER
CONTROLLER PROTOCOL.

B. THE CID SHALL CONTAIN ITS OWN MICROPROCESSOR, RAM, BATTERY,
COMMUNICATION PORTS AND, POWER SUPPLY.

C. EACH CID SHALL SUPPORT FULL BI-DIRECTIONAL COMMUNICATIONS TRANSLATION AS

MORE FULLY SPECIFIED IN SECTION 15955 {23 0905}.
EDIT THE FOLLOWING LIST AS NECESSARY TO MEET THE NEEDS OF UCB BASED ON CHILLER SIZE AND APPLICATION.

D. THE FOLLOWING POINTS SHALL BE MAPPED AS A MINIMUM:
CHW SuPPLY AND RETURN TEMPERATURES

CW SUPPLY AND RETURN TEMPERATURES

POWER CONSUMPTION (KW)

PERCENT OF POWER CONSUMPTION (COMPARED TO MAXIMUM)
BEARING TEMPERATURE

SUCTION AND HEAD PRESSURES

SUCTION AND HEAD TEMPERATURES

ALL AVAILABLE ALARMS; COMMON ALARM AS MINIMUM
CHILLER STATUS

ENABLE/DISABLE

CURRENT LIMIT PERCENT

CHW SETPOINT AND SETPOINT RESET

© o Nk wDdPRE

el
M=o

D-71



University of Colorado secrion D = Appendix
Boulder

FACILITY STANDARDS JULY 1, 2018

Part Ill. PART 3 - EXECUTION

301 INSPECTION:

A. EXAMINE AREAS AND CONDITIONS UNDER WHICH CONTROL SYSTEMS ARE TO BE
INSTALLED. DO NOT PROCEED WITH WORK UNTIL UNSATISFACTORY CONDITIONS HAVE
BEEN CORRECTED IN MANNER ACCEPTABLE TO INSTALLER.

3.02 INSTALLATION OF CONTROL SYSTEMS:

A. GENERAL: INSTALL SYSTEMS AND MATERIALS IN ACCORDANCE WITH MANUFACTURER'S
INSTRUCTIONS, ROUGHING-IN DRAWINGS AND DETAILS SHOWN ON DRAWINGS.

B. CONTRACTOR SHALL PROVIDE ALL INTERFACE DEVICES AND SOFTWARE TO PROVIDE AN
INTEGRATED SYSTEM.

C. CONTRACTOR SHALL CLOSELY COORDINATE WITH THE UNIVERSITY, OR DESIGNATED

REPRESENTATIVE, TO ESTABLISH IP ADDRESSES AND COMMUNICATIONS TO ASSURE
PROPER OPERATION OF THE BUILDING CONTROL SYSTEM ON THE UNIVERSITY VLAN.

M15955 - BAS SOFTWARE AND PROGRAMMING

Part . PART 1 - GENERAL

1.01 SECTION INCLUDES

SYSTEM SOFTWARE

PROGRAMMING DESCRIPTION
CONTROL ALGORITHMS

ENERGY MANAGEMENT APPLICATIONS
PASSWORD PROTECTION

ALARM REPORTING

TRENDING

DATA ACQUISITION AND STORAGE
DYNAMIC COLOR GRAPHICS

~—IeTMmMOOW®»

1.02 RELATED DOCUMENTS:

A. DRAWINGS AND GENERAL PROVISIONS OF CONTRACT, INCLUDING GENERAL AND
SUPPLEMENTARY CONDITIONS AND DIVISION-1 SPECIFICATION SECTIONS, APPLY TO
WORK OF THIS SECTION.
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SECTION 15010 - BASIC MECHANICAL REQUIREMENTS

SECTION 15950 - BUILDING AUTOMATION SYSTEM (BAS) GENERAL

SECTION 23 0900 — BUILDING AUTOMATION SYSTEM (BAS) GENERAL
SECTION 15951 - BAS BASIC MATERIALS, INTERFACE DEVICES, AND SENSORS
SECTION 23 0913 —-BAS BASIC MATERIALS, INTERFACE DEVICES, AND SENSORS
SECTION 15952 - BAS OPERATOR INTERFACES

SECTION 23 0902 - BAS OPERATOR INTERFACES

SECTION 15953 - BAS FIELD PANELS

SECTION 23 0903 - BAS FIELD PANELS

SECTION 15954 - BAS COMMUNICATIONS DEVICES

SECTION 23 0904 - BAS COMMUNICATION DEVICES

SECTION 15958 - SEQUENCES OF OPERATION

SECTION 23 0993 - SEQUENCES OF OPERATION

SECTION 15959 - BAS COMMISSIONING

SECTION 23 0801 - BAS COMMISSIONING

DESCRIPTION OF WORK:

A

FULLY CONFIGURE SYSTEMS AND FURNISH AND INSTALL ALL SOFTWARE, PROGRAMMING
AND DYNAMIC COLOR GRAPHICS FOR A COMPLETE AND FULLY FUNCTIONING SYSTEM AS
SPECIFIED.

REFER TO SECTION 15950 {23 0900} - BUILDING AUTOMATION SYSTEM (BAS) FOR
GENERAL REQUIREMENTS

REFER TO 15958 {23 0993} - SEQUENCE OF OPERATION FOR GENERAL SEQUENCE OF
OPERATION REQUIREMENTS.

LICENSING

A.
B.

m

INCLUDE LICENSING FOR ALL SOFTWARE PACKAGES AT ALL REQUIRED WORKSTATIONS.

ALL SOFTWARE USED FOR THE OPERATOR INTERFACE, PROGRAMMING ENVIRONMENT,
NETWORKING, DATABASE MANAGEMENT AND ANY OTHER SOFTWARE USED BY THE
CONTRACTOR TO INSTALL THE SYSTEM OR NEEDED TO OPERATE THE SYSTEM TO ITS
FULL CAPABILITIES SHALL BE LICENSED AND PROVIDED TO THE UNIVERSITY.

ALL SOFTWARE SHOULD BE AVAILABLE ON ALL OPERATOR WORKSTATIONS OR CSSs
PROVIDED, AND ON ALL PORTABLE OPERATOR TERMINALS. HARDWARE AND SOFTWARE
KEYS TO PROVIDE ALL RIGHTS SHALL BE INSTALLED ON ALL WORKSTATIONS. AT LEAST 2
SETS OF CDS SHALL BE PROVIDED WITH BACKUP SOFTWARE FOR ALL SOFTWARE
PROVIDED, SO THAT THE UNIVERSITY MAY REINSTALL ANY SOFTWARE AS NECESSARY.
INCLUDE ALL LICENSING FOR WORKSTATION OPERATING SYSTEMS, AND ALL REQUIRED
THIRD-PARTY SOFTWARE LICENSES.

PROVIDE LICENSING AND ORIGINAL SOFTWARE COPIES FOR EACH OWS OR CSS.

PROVIDE LICENSING AND ORIGINAL SOFTWARE COPIES FOR EACH REMOTE GRAPHIC
WORKSTATION. LICENSES FOR REMOTE GRAPHIC WORKSTATIONS SHALL ALLOW FOR
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Part Il.

ACCESS TO ANY SITE AND SHALL NOT BE RESTRICTED TO ACCESSING ONLY THE LANS
INCLUDED IN THIS PROJECT.

UPGRADE ALL SOFTWARE PACKAGES TO THE RELEASE (VERSION) IN EFFECT AT THE END
OF THE WARRANTY PERIOD.

REFER TO SECTION 15950 {23 0900} - BUILDING AUTOMATION SYSTEM (BAS) GENERAL
FOR FURTHER REQUIREMENTS.

PART 2 - PRODUCTS

201 SYSTEM SOFTWARE-GENERAL

A

FUNCTIONALITY AND COMPLETENESS: THE CONTRACTOR SHALL FURNISH AND INSTALL
ALL SOFTWARE AND PROGRAMMING NECESSARY TO PROVIDE A COMPLETE AND
FUNCTIONING SYSTEM AS SPECIFIED. THE CONTRACTOR SHALL INCLUDE ALL SOFTWARE
AND PROGRAMMING NOT SPECIFICALLY ITEMIZED IN THESE SPECIFICATIONS, WHICH IS
NECESSARY TO IMPLEMENT, MAINTAIN, OPERATE, AND DIAGNOSE THE SYSTEM IN
COMPLIANCE WITH THESE SPECIFICATIONS.

CONFIGURATION: THE SOFTWARE SHALL SUPPORT THE SYSTEM AS A DISTRIBUTED
PROCESSING NETWORK CONFIGURATION.

2.02 CONTROLLER SOFTWARE

A

BC SOFTWARE RESIDENCY: EACH BC AS DEFINED BELOW SHALL BE CAPABLE OF
CONTROL AND MONITORING OF ALL POINTS PHYSICALLY CONNECTED TO IT. ALL
SOFTWARE INCLUDING THE FOLLOWING SHALL RESIDE AND EXECUTE AT THE BC:

REAL-TIME OPERATING SYSTEM SOFTWARE

REAL-TIME CLOCK/CALENDAR AND NETWORK TIME SYNCHRONIZATION
BC DIAGNOSTIC SOFTWARE

LAN COMMUNICATION SOFTWARE/FIRMWARE

DIRECT DIGITAL CONTROL SOFTWARE

ALARM PROCESSING AND BUFFERING SOFTWARE

ENERGY MANAGEMENT SOFTWARE

DATA TRENDING, REPORTING, AND BUFFERING SOFTWARE

I/O (PHYSICAL AND VIRTUAL) DATABASE

10. REMOTE COMMUNICATION SOFTWARE

AAC/ASC SOFTWARE RESIDENCY: EACH AAC/ASC AS DEFINED BELOW SHALL BE
CAPABLE OF CONTROL AND MONITORING OF ALL POINTS PHYSICALLY CONNECTED TO IT.
AS A MINIMUM, SOFTWARE INCLUDING THE FOLLOWING SHALL RESIDE AND EXECUTE AT
THE AAC/ASC. OTHER SOFTWARE TO SUPPORT OTHER REQUIRED FUNCTIONS OF THE
AAC/ASC MAY RESIDE AT THE BC OR LAN INTERFACE DEVICE (SPECIFIED IN SECTION
15954 {23 0904}) WITH THE RESTRICTIONS/EXCEPTIONS PER APPLICATION PROVIDED IN
SECTION 15953 {23 0903}

1. REAL-TIME OPERATING SYSTEM SOFTWARE
2.  AAC/ASC DIAGNOSTIC SOFTWARE

© N ®WDdRE
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3. LAN COMMUNICATION SOFTWARE

4. CONTROL SOFTWARE APPLICABLE TO THE UNIT IT SERVES THAT WILL SUPPORT A
SINGLE MODE OF OPERATION

5. 1/O (PHYSICAL AND VIRTUAL) DATABASE TO SUPPORT ONE MODE OF OPERATION

C. STAND ALONE CAPABILITY: BC SHALL CONTINUE TO PERFORM ALL FUNCTIONS
INDEPENDENT OF A FAILURE IN OTHER BC/AAC/ASC OR OTHER COMMUNICATION LINKS
TO OTHER BCS/AACS/ASCS. TRENDS AND RUNTIME TOTALIZATION SHALL BE RETAINED
IN MEMORY. RUNTIME TOTALIZATION SHALL BE AVAILABLE ON ALL DIGITAL INPUT
POINTS THAT MONITOR ELECTRIC MOTOR STATUS. REFER ALSO TO SECTION 15953 {23
0903} FOR OTHER ASPECTS OF STAND ALONE FUNCTIONALITY.

D. OPERATING SYSTEM: CONTROLLERS SHALL INCLUDE A REAL-TIME OPERATING SYSTEM
RESIDENT IN ROM. THIS SOFTWARE SHALL EXECUTE INDEPENDENTLY FROM ANY OTHER
DEVICES IN THE SYSTEM. IT SHALL SUPPORT ALL SPECIFIED FUNCTIONS. IT SHALL
PROVIDE A COMMAND PRIORITIZATION SCHEME TO ALLOW FUNCTIONAL OVERRIDE OF
CONTROL FUNCTIONS. REFER ALSO TO SECTION 15953 {23 0903} FOR OTHER ASPECTS OF
THE CONTROLLERS OPERATING SYSTEM.

E. NETWORK COMMUNICATIONS: EACH CONTROLLER SHALL INCLUDE
SOFTWARE/FIRMWARE THAT SUPPORTS THE NETWORKING OF CUS ON A COMMON
COMMUNICATIONS TRUNK THAT FORMS THE RESPECTIVE LAN. NETWORK SUPPORT
SHALL INCLUDE THE FOLLOWING:

1. BUILDING CONTROLLER/PRIMARY LAN SHALL BE A HIGH-SPEED NETWORK
DESIGNED AND OPTIMIZED FOR CONTROL SYSTEM COMMUNICATION. IF A PRIMARY
LAN COMMUNICATIONS TRUNK IS SEVERED, BCS SHALL RECONFIGURE INTO TWO
SEPARATE LANS AND CONTINUE OPERATIONS WITHOUT INTERRUPTION OR
OPERATOR INTERVENTION.

2.  CONTROLLER COMMUNICATION SOFTWARE SHALL INCLUDE ERROR DETECTION,
CORRECTION, AND RE-TRANSMISSION TO ENSURE DATA INTEGRITY.

3.  OPERATOR/SYSTEM COMMUNICATION SOFTWARE SHALL FACILITATE
COMMUNICATIONS BETWEEN OTHER BCS, ALL SUBORDINATE AACS/ASCS,
GATEWAYS AND LAN INTERFACE DEVICES OR OPERATOR WORKSTATIONS.
SOFTWARE SHALL ALLOW POINT INTERROGATION, ADJUSTMENT,
ADDITION/DELETION, AND PROGRAMMING WHILE THE CONTROLLER IS ON LINE AND
FUNCTIONING WITHOUT DISRUPTION TO UNAFFECTED POINTS. THE SOFTWARE
ARCHITECTURE SHALL ALLOW NETWORKED CONTROLLERS TO SHARE SELECTED
PHYSICAL AND VIRTUAL POINT INFORMATION THROUGHOUT THE ENTIRE SYSTEM.

F. DIAGNOSTIC SOFTWARE: CONTROLLER SOFTWARE SHALL INCLUDE DIAGNOSTIC
SOFTWARE THAT CHECKS MEMORY AND COMMUNICATIONS AND REPORTS ANY
MALFUNCTIONS

G. ALARM/MESSAGING SOFTWARE: CONTROLLER SOFTWARE SHALL SUPPORT
ALARM/MESSAGE PROCESSING AND BUFFERING SOFTWARE AS MORE FULLY SPECIFIED
BELOW.

H. APPLICATION PROGRAMS: CUS SHALL SUPPORT AND EXECUTE APPLICATION PROGRAMS

AS MORE FULLY SPECIFIED BELOW:
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1. ALL DIRECT DIGITAL CONTROL SOFTWARE, ENERGY MANAGEMENT CONTROL
SOFTWARE, AND FUNCTIONAL BLOCK APPLICATION PROGRAMMING SOFTWARE
TEMPLATES SHALL BE PROVIDED IN A ‘READY-TO-USE’ STATE, AND SHALL NOT
REQUIRE (BUT SHALL ALLOW) OWNER PROGRAMMING.

. SECURITY: CONTROLLER SOFTWARE SHALL SUPPORT MULTIPLE LEVEL PASSWORD
ACCESS RESTRICTION AS MORE FULLY SPECIFIED BELOW.

J. DIRECT DIGITAL CONTROL: CONTROLLER SHALL SUPPORT APPLICATION OF DIRECT
DIGITAL CONTROL LOGIC. ALL LOGIC MODULES SHALL BE PROVIDED PRE-
PROGRAMMED WITH WRITTEN DOCUMENTATION TO SUPPORT THEIR APPLICATION.
PROVIDE THE FOLLOWING LOGIC MODULES AS A MINIMUM:

1. PROPORTIONAL-INTEGRAL-DERIVATIVE (PID) CONTROL WITH ANALOG, PWM AND
FLOATING OUTPUT

TwO POSITION CONTROL (HI OR LOW CROSSING WITH DEADBAND)
SINGLE-POLE DOUBLE-THROW RELAY

DELAY TIMER (DELAY-ON-MAKE, DELAY-ON-BREAK, AND INTERVAL)
HI/Low SELECTION

RESET OR SCALING MODULE

LocIcAL OPERATORS (AND, OR, NOT, XOR)

K. PSYCHROMETRIC PARAMETERS: CONTROLLER SOFTWARE SHALL PROVIDE
PREPROGRAMMED FUNCTIONS TO CALCULATE AND PRESENT PSYCHROMETRIC
PARAMETERS (GIVEN TEMPERATURE AND RELATIVE HUMIDITY) INCLUDING THE
FOLLOWING AS A MINIMUM: ENTHALPY, WET BULB TEMPERATURE.

L. UPDATING/STORING APPLICATION DATA: SITE-SPECIFIC PROGRAMMING RESIDING IN
VOLATILE MEMORY SHALL BE UPLOADABLE/DOWNLOADABLE FROM AN OWS OR CSS
CONNECTED LOCALLY, TO THE PRIMARY LAN, TO THE LOCAL SUPERVISORY LAN AND
REMOTELY VIA THE INTERNET. INITIATION OF AN UPLOAD OR DOWNLOAD SHALL
INCLUDE THE FOLLOWING METHODS; MANUALLY AND AUTOMATICALLY UPON
DETECTION OF A LOSS OR CHANGE.

M. RESTART: SYSTEM SOFTWARE SHALL PROVIDE FOR ORDERLY SHUTDOWN UPON LOSS OF
POWER AND AUTOMATIC RESTART UPON POWER RESTORATION. VOLATILE MEMORY
SHALL BE RETAINED; OUTPUTS SHALL GO TO PROGRAMMED FAIL (OPEN, CLOSED, OR
LAST) POSITION. EQUIPMENT RESTART SHALL INCLUDE A USER DEFINABLE TIME DELAY
ON EACH PIECE OF EQUIPMENT TO STAGGER THE RESTART. LOSS OF POWER SHALL BE
ALARMED AT OPERATOR INTERFACE INDICATING DATE AND TIME.

N. TIME SYNCHRONIZATION: OPERATORS SHALL BE ABLE TO SET THE TIME AND DATE IN
ANY DEVICE ON THE NETWORK THAT SUPPORTS TIME-OF-DAY FUNCTIONALITY. THE
OPERATOR SHALL BE ABLE TO SELECT TO SET THE TIME AND DATE FOR AN INDIVIDUAL
DEVICE, DEVICES ON A SINGLE NETWORK, OR ALL DEVICES SIMULTANEOQOUSLY.
AUTOMATIC TIME SYNCHRONIZATION SHALL BE PROVIDED.

0. Misc. CALCULATIONS: SYSTEM SOFTWARE SHALL AUTOMATE CALCULATION OF
PSYCHOMETRIC FUNCTIONS, CALENDAR FUNCTIONS, KWH/KW, AND FLOW
DETERMINATION AND TOTALIZATION FROM PULSED OR ANALOG INPUTS, CURVE-FITTING,
LOOK-UP TABLE, INPUT/OUTPUT SCALING, TIME AVERAGING OF INPUTS AND A/D
CONVERSION COEFFICIENTS.

No s DD
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2.03  APPLICATION PROGRAMMING DESCRIPTION

A.
B.

C.

THE APPLICATION SOFTWARE SHALL BE USER PROGRAMMABLE.

THIS SPECIFICATION GENERALLY REQUIRES A PROGRAMMING CONVENTION THAT IS
LOGICAL, EASY TO LEARN, USE, AND DIAGNOSE. GENERAL APPROACHES TO
APPLICATION PROGRAMMING SHALL BE PROVIDED BY ONE, OR A COMBINATION, OF THE
FOLLOWING CONVENTIONS:

1. POINT DEFINITION: PROVIDE TEMPLATES CUSTOMIZED FOR POINT TYPE, TO SUPPORT
INPUT OF INDIVIDUAL POINT INFORMATION. USE STANDARD BACNET OBJECTS AS
APPLICABLE.

2.  GRAPHICAL BLOCK PROGRAMMING: MANIPULATION OF GRAPHIC ICON ‘BLOCKS’,
EACH OF WHICH REPRESENTS A SUBROUTINE, IN A FUNCTIONAL/LOGICAL MANNER
FORMING A CONTROL LOGIC DIAGRAM. BLOCKS SHALL ALLOW ENTRY OF
ADJUSTABLE SETTINGS AND PARAMETERS VIA POP-UP WINDOWS. PROVIDE A
UTILITY THAT SHALL ALLOW THE GRAPHIC LOGIC DIAGRAMS TO BE DIRECTLY
COMPILED INTO APPLICATION PROGRAMS. LOGIC DIAGRAMS SHALL BE VIEWABLE
EITHER OFF-LINE, OR ON-LINE WITH REAL-TIME BLOCK OUTPUT VALUES.

PROVIDE A MEANS FOR TESTING AND/OR DEBUGGING THE CONTROL PROGRAMS BOTH
OFF-LINE AND ON-LINE.

204 ENERGY MANAGEMENT APPLICATIONS

A

SYSTEM SHALL HAVE THE ABILITY TO PERFORM ALL OF THE FOLLOWING ENERGY
MANAGEMENT ROUTINES VIA PREPROGRAMMED FUNCTION BLOCKS OR TEMPLATE
PROGRAMS. AS A MINIMUM PROVIDE THE FOLLOWING WHETHER OR NOT REQUIRED IN
THE SOFTWARE.

1. TIME-OF-DAY SCHEDULING
CALENDAR-BASED SCHEDULING
HOLIDAY SCHEDULING
TEMPORARY SCHEDULE OVERRIDES

OPTIMAL START/OPTIMAL STOP-BASED ON SPACE TEMPERATURE OFFSET, OUTDOOR
AIR TEMPERATURE, AND BUILDING HEATING AND COOLING CAPACITANCE FACTORS
AS A MINIMUM

6. NIGHT SETBACK AND MORNING RECOVERY CONTROL, WITH VENTILATION ONLY
DURING OCCUPANCY

7. ECONOMIZER CONTROL (ENTHALPY OR DRY-BULB)
8. ECONOMIZER CONTROL (HYDRONIC)

9. PEAK DEMAND LIMITING / LOAD SHEDDING

10. LIGHTING/OCCUPANCY CONTROL

11. DeAD BAND CONTROL

SR S R

ALL PROGRAMS SHALL BE EXECUTED AUTOMATICALLY WITHOUT THE NEED FOR
OPERATOR INTERVENTION, AND SHALL BE FLEXIBLE ENOUGH TO ALLOW OPERATOR
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CUSTOMIZATION. PROGRAMS SHALL BE APPLIED TO BUILDING EQUIPMENT AS
DESCRIBED IN SECTION 15958 {23 0993} - SEQUENCE OF OPERATION’.

PASSWORD PROTECTION

A

O 0

MULTIPLE-LEVEL PASSWORD ACCESS PROTECTION SHALL BE PROVIDED TO ALLOW THE
UNIVERSITY’S AUTHORIZED BAS ADMINISTRATOR TO LIMIT WORKSTATION CONTROL,
DISPLAY AND DATABASE MANIPULATION CAPABILITIES AS THEY DEEM APPROPRIATE FOR
EACH USER, BASED UPON AN ASSIGNED USER NAME WITH A UNIQUE PASSWORD.

ALL PASSWORDS FOR THE SYSTEM SHALL BE PROVIDED TO THE UNIVERSITY INCLUDING
ADMINISTRATOR, DEALER, OR FACTORY LEVEL PASSWORDS FOR THE SYSTEMS PROVIDED
UNDER THIS PROJECT.

PASSWORDS SHALL RESTRICT ACCESS TO ALL CONTROL UNITS.

EACH USER NAME SHALL BE ASSIGNED TO A DISCRETE ACCESS LEVEL. A MINIMUM OF
FIVE LEVELS OF ACCESS SHALL BE SUPPORTED. ALTERNATELY, A COMPREHENSIVE LIST
OF ACCESSIBILITY/FUNCTIONALITY ITEMS SHALL BE PROVIDED, TO BE ENABLED OR
DISABLED FOR EACH USER.

A MINIMUM OF 50 USER NAMES SHALL BE SUPPORTED AND PROGRAMMED PER THE
UNIVERSITY’S DIRECTION.

OPERATORS SHALL BE ABLE TO PERFORM ONLY THOSE COMMANDS AVAILABLE FOR THE
ACCESS LEVEL ASSIGNED TO THEIR USER NAME.

USER-DEFINABLE, AUTOMATIC LOG-OFF TIMERS OF FROM 1 TO 60 MINUTES SHALL BE
PROVIDED TO PREVENT OPERATORS FROM INADVERTENTLY LEAVING INTERFACE DEVICE
SOFTWARE ON-LINE.

ALARM AND EVENT MANAGEMENT REPORTING

A

ALARM MANAGEMENT SHALL BE PROVIDED TO MONITOR, BUFFER, AND DIRECT ALARMS
AND MESSAGES TO OPERATOR DEVICES AND MEMORY FILES. THE CSS SHALL PERFORM
DISTRIBUTED, INDEPENDENT ALARM ANALYSIS AND FILTERING TO MINIMIZE OPERATOR
INTERRUPTIONS DUE TO NON-CRITICAL ALARMS, MINIMIZE NETWORK TRAFFIC, AND
PREVENT ALARMS FROM BEING LOST. AT NO TIME SHALL A BCS ABILITY TO REPORT
ALARMS BE AFFECTED BY EITHER OPERATOR ACTIVITY AT AN OPERATOR WORKSTATION
OR LOCAL HANDHELD DEVICE, OR BY COMMUNICATIONS WITH OTHER PANELS ON THE
NETWORK.

1. ALARM DESCRIPTOR: EACH ALARM OR POINT CHANGE SHALL INCLUDE THAT
POINT’S ENGLISH LANGUAGE DESCRIPTION, AND THE TIME AND DATE OF
OCCURRENCE. IN ADDITION TO THE ALARM’S DESCRIPTOR AND THE TIME AND
DATE, THE USER SHALL BE ABLE TO PRINT, DISPLAY AND STORE AN ALARM
MESSAGE TO MORE FULLY DESCRIBE THE ALARM CONDITION OR DIRECT OPERATOR
RESPONSE.

2. ALARM PRIORITIZATION: THE SOFTWARE SHALL ALLOW USERS TO DEFINE THE
HANDLING AND ROUTING OF EACH ALARM BY THEIR ASSIGNMENT TO DISCRETE
PRIORITY LEVELS. A MINIMUM OF FIVE PRIORITY LEVELS SHALL BE PROVIDED. FOR
EACH PRIORITY LEVEL, USERS SHALL HAVE THE ABILITY TO ENABLE OR DISABLE AN
AUDIBLE TONE WHENEVER AN ALARM IS REPORTED AND WHENEVER AN ALARM
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RETURNS TO NORMAL CONDITION. USERS SHALL HAVE THE ABILITY TO MANUALLY
INHIBIT ALARM REPORTING FOR EACH INDIVIDUAL ALARM AND FOR EACH PRIORITY
LEVEL. CONTRACTOR SHALL COORDINATE WITH THE UNIVERSITY ON
ESTABLISHING ALARM PRIORITY DEFINITIONS. ALARM LEVEL 1 LIFE SAFETY (.E.
SMOKE DETECTOR), LEVEL 2 CRITICAL (1.E. CONTROLLER FAILURE), LEVEL 3
ABNORMAL (1.E. OUT-OF-RANGE TEMPERATURE), LEVEL 4 ENERGY WASTE (I.E.
FIGHTING VALVES), LEVEL 5 MAINTENANCE MESSAGE (I.E. RUNTIME MONITOR,
FILTER STATUS).

3. ALARM REPORT ROUTING: EACH ALARM PRIORITY LEVEL SHALL BE ASSOCIATED
WITH A UNIQUE USER-DEFINED LIST OF OPERATOR DEVICES INCLUDING ANY
COMBINATION OF LOCAL OR REMOTE WORKSTATIONS, PRINTERS, EMAIL ACCOUNTS,
SMS ACCOUNTS AND WORKSTATION DISK FILES. ALL ALARMS ASSOCIATED WITH A
GIVEN PRIORITY LEVEL SHALL BE ROUTED TO ALL OPERATOR DEVICES ON THE USER-
DEFINED LIST ASSOCIATED WITH THAT PRIORITY LEVEL. FOR EACH PRIORITY LEVEL,
ALARMS SHALL BE AUTOMATICALLY ROUTED TO A DEFAULT OPERATOR DEVICE IN
THE EVENT THAT ALARMS ARE UNABLE TO BE ROUTED TO ANY OPERATOR DEVICE
ASSIGNED TO THE PRIORITY LEVEL.

4.  ALARM ACKNOWLEDGMENT: FOR ALARM PRIORITY LEVELS THAT ARE DIRECTED TO
A WORKSTATION SCREEN, AN INDICATION OF ALARM RECEIPT SHALL BE DISPLAYED
IMMEDIATELY REGARDLESS OF THE APPLICATION IN USE AT THE WORKSTATION,
AND SHALL REMAIN ON THE SCREEN UNTIL ACKNOWLEDGED BY A USER HAVING A
PASSWORD THAT ALLOWS ALARM ACKNOWLEDGMENT. UPON ACKNOWLEDGMENT,
THE COMPLETE ALARM MESSAGE STRING (INCLUDING DATE, TIME, AND USER NAME
OF ACKNOWLEDGING OPERATOR) SHALL BE STORED IN THE CSS DATABASE.

IT SHALL BE POSSIBLE FOR ANY OPERATOR TO RECEIVE A SUMMARY OF ALL ALARMS
REGARDLESS OF ACKNOWLEDGEMENT STATUS; FOR WHICH A PARTICULAR RECIPIENT IS
ENROLLED FOR NOTIFICATION; BASED ON CURRENT EVENT STATE; BASED ON THE
PARTICULAR EVENT ALGORITHM (E.G., CHANGE OF VALUE, CHANGE OF STATE, OUT OF
RANGE, AND SO ON); ALARM PRIORITY; AND NOTIFICATION CLASS.

INCLUDE THE FOLLOWING ONLY IF YOU ARE TRYING TO MANDATE STRICT BACNET
INTEROPERABILITY.

C.

BACNET ALARMING SERVICES: ALL ALARMS AND EVENTS SHALL BE IMPLEMENTED
USING STANDARD BACNET EVENT DETECTION AND NOTIFICATION MECHANISMS. THE
WORKSTATION SHALL RECEIVE BACNET ALARM AND EVENT NOTIFICATIONS FROM ANY
GATEWAY OR BACNET CONTROLLER IN THE SYSTEM AND DISPLAY THEM TO AN
OPERATOR. THE WORKSTATION SHALL ALSO LOG ALARMS AND EVENTS, PROVIDE A WAY
FOR AN OPERATOR WITH SUFFICIENT PRIVILEGE TO ACKNOWLEDGE ALARMS, AND LOG
ACKNOWLEDGEMENTS OF ALARMS. IT SHALL BE POSSIBLE FOR AN OPERATOR TO
RECEIVE, AT ANY TIME, A SUMMARY OF ALL ALARMS THAT ARE CURRENTLY IN EFFECT
AT ANY SITE WHETHER OR NOT THEY HAVE BEEN ACKNOWLEDGED. OPERATORS SHALL
ALSO BE ABLE TO VIEW AND CHANGE ALARM LIMITS FOR ANY ALARM AT THE
APPROPRIATE PASSWORD LEVEL.

ALARM HISTORICAL DATABASE: THE DATABASE SHALL STORE ALL ALARMS AND
EVENTS OBJECT OCCURRENCES IN AN ODBC OR AN OLE DATABASE-COMPLIANT
RELATIONAL DATABASE. PROVIDE A COMMERCIALLY AVAILABLE ODBC DRIVER OR
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OLE DATABASE DATA PROVIDER, WHICH WOULD ALLOW APPLICATIONS TO ACCESS THE
DATA USING STANDARD MICROSOFT WINDOWS DATA SERVICES.

207 TRENDING

A

THE SOFTWARE SHALL DISPLAY HISTORICAL DATA IN BOTH A TABULAR AND GRAPHICAL
FORMAT. THE REQUIREMENTS OF THIS TRENDING SHALL INCLUDE THE FOLLOWING:

1. PROVIDE TRENDS FOR ALL PHYSICAL POINTS, VIRTUAL POINTS AND CALCULATED
VARIABLES.

2.  THE SAMPLE RATE AND DATA SELECTION SHALL BE SELECTABLE BY THE OPERATOR.
3. THE TRENDED VALUE RANGE SHALL BE SELECTABLE BY THE OPERATOR.

4. WORKSTATIONS SHALL BE ABLE TO DISPLAY UP TO FOUR SIMULTANEOUS TREND
GRAPHS WITH UP TO FOUR DATA POINTS PER GRAPH.

5. THE DATA POINTS MUST BE EXPORTABLE FROM ANY OPERATOR INTERFACE IN CSV
OR MS EXCEL FORMAT.

CONTROL LOOP PERFORMANCE TRENDS: CONTROLLERS INCORPORATING PID CONTROL
LOOPS SHALL ALSO PROVIDE HIGH RESOLUTION SAMPLING IN LESS THAN FIVE SECOND
INCREMENTS FOR VERIFICATION OF CONTROL LOOP PERFORMANCE.

DATA BUFFERING AND ARCHIVING: TREND DATA SHALL BE BUFFERED AT THE CUS,
AND UPLOADED TO CSS STORAGE WHEN ARCHIVAL IS DESIRED. ALL ARCHIVED TRENDS
SHALL BE TRANSMITTED TO THE ON-SITE OWS AS APPLICABLE. UPLOADS SHALL OCCUR
BASED UPON A USER-DEFINED INTERVAL, MANUAL COMMAND, OR AUTOMATICALLY
WHEN THE TREND BUFFERS BECOME FULL.

TIME SYNCHRONIZATION: PROVIDE A TIME MASTER THAT IS INSTALLED AND
CONFIGURED TO SYNCHRONIZE THE CLOCKS OF ALL BACNET DEVICES SUPPORTING TIME
SYNCHRONIZATION. SYNCHRONIZATION SHALL BE DONE USING COORDINATED
UNIVERSAL TIME (UTC). ALL TREND SAMPLE TIMES SHALL BE ABLE TO BE
SYNCHRONIZED. THE FREQUENCY OF TIME SYNCHRONIZATION MESSAGE TRANSMISSION
SHALL BE SELECTABLE BY THE OPERATOR.

208 TOTALIZATION

A.

THE SOFTWARE SHALL SUPPORT TOTALIZING ANALOG, DIGITAL, AND PULSED INPUTS
AND BE CAPABLE OF ACCUMULATING, STORING, AND CONVERTING THESE TOTALS TO
ENGINEERING UNITS USED IN THE DOCUMENTS. THESE VALUES SHALL GENERALLY BE
ACCESSIBLE TO THE OPERATOR INTERFACES TO SUPPORT MANAGEMENT-REPORTING
FUNCTIONS.

TOTALIZATION OF ELECTRICITY USE/DEMAND SHALL ALLOW APPLICATION OF TOTALS TO
DIFFERENT RATE PERIODS, WHICH SHALL BE USER DEFINABLE.

WHEN SPECIFIED TO PROVIDE ELECTRICAL OR UTILITY USE/DEMAND, THE CONTRACTOR
SHALL OBTAIN FROM THE LOCAL UTILITY ALL INFORMATION REQUIRED TO OBTAIN
METER DATA, INCLUDING K FACTORS, CONVERSION CONSTANTS, AND THE LIKE.
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SCHEDULING

A

B.

PROVIDE A GRAPHIC UTILITY FOR USER-FRIENDLY OPERATOR INTERFACE TO ADJUST
EQUIPMENT-OPERATING SCHEDULES.

SCHEDULING FEATURE SHALL INCLUDE MULTIPLE SEVEN-DAY MASTER SCHEDULES,
HOLIDAY SCHEDULES AND OVERRIDE SCHEDULES, EACH WITH START TIME AND STOP
TIME. MASTER SCHEDULES SHALL BE INDIVIDUALLY EDITABLE FOR EACH DAY AND
HOLIDAY.

SCHEDULING FEATURE SHALL ALLOW FOR EACH INDIVIDUAL EQUIPMENT UNIT TO BE
ASSIGNED TO ONE OF THE MASTER SCHEDULES.

TIMED OVERRIDE FEATURE SHALL ALLOW AN OPERATOR TO TEMPORARILY CHANGE THE
STATE OF SCHEDULED EQUIPMENT. AN OVERRIDE COMMAND SHALL BE SELECTABLE TO
APPLY TO AN INDIVIDUAL UNIT, ALL UNITS ASSIGNED TO A GIVEN MASTER SCHEDULE, OR
TO ALL UNITS IN A BUILDING. TIMED OVERRIDE SHALL TERMINATE AT THE END OF AN
OPERATOR SELECTABLE TIME, OR AT THE END OF THE SCHEDULED
OCCUPIED/UNOCCUPIED PERIOD, WHICHEVER COMES FIRST. A PASSWORD LEVEL THAT
DOES NOT ALLOW ASSIGNMENT OF MASTER SCHEDULES SHALL ALLOW A TIMED
OVERRIDE FEATURE.

A YEARLY CALENDAR FEATURE SHALL ALLOW ASSIGNMENT OF HOLIDAYS, AND
AUTOMATIC RESET OF SYSTEM REAL TIME CLOCKS FOR TRANSITIONS BETWEEN
DAYLIGHT SAVINGS TIME AND STANDARD TIME.

OVERRIDES

A

B.

BAS SHALL PROVIDE AN AUDIT LOG REPORT OF ALL OVERRIDES CURRENTLY ACTIVE,
HISTORICAL OVERRIDES ALONG WITH THE USER WHO INITIATED THE OVERRIDE.

PROVIDE A SCREEN GRAPHIC FOR MANUAL OVERRIDE OF THE "OFF" FOR ALL
SCHEDULED START/STOP ZONES. PROVIDE THE NECESSARY SOFTWARE TO START ANY
DESIRED ZONE'S EQUIPMENT BY TOUCH SCREEN. THE PROGRAM SHALL PERMIT
OPERATOR SELECTION OF ZONES AND SHALL ENABLE ALL RELATED EQUIPMENT FOR
THAT PARTICULAR ZONE. THE PROGRAM SHALL INDEX THE SELECTED ZONE TO AN "ON"
MODE IN A MINIMUM OF ONE-HOUR INCREMENTS FOR A PERIOD OF UP TO SIX HOURS IN
THE OVERRIDE CONDITION. ONCE OVERRIDDEN, THE ZONE EQUIPMENT SHALL OPERATE
IN THE OCCUPIED MODE, INCLUDING EXHAUST FAN INTERLOCKS.

TIMED OVERRIDE FEATURE SHALL ALLOW AN OPERATOR TO TEMPORARILY CHANGE THE
STATE OF SCHEDULED EQUIPMENT. AN OVERRIDE COMMAND SHALL BE SELECTABLE TO
APPLY TO AN INDIVIDUAL UNIT, ALL UNITS ASSIGNED TO A GIVEN MASTER SCHEDULE, OR
TO ALL UNITS IN A BUILDING. TIMED OVERRIDE SHALL TERMINATE AT THE END OF AN
OPERATOR SELECTABLE TIME, OR AT THE END OF THE SCHEDULED
OCCUPIED/UNOCCUPIED PERIOD, WHICHEVER COMES FIRST. A PASSWORD LEVEL THAT
DOES NOT ALLOW ASSIGNMENT OF MASTER SCHEDULES SHALL ALLOW A TIMED
OVERRIDE FEATURE.

PROVIDE EQUIPMENT OVERRIDE PROGRAMS FOR ALL ENERGY RECOVERY UNITS, AIR
HANDLING UNITS, AND HEATING AND VENTILATING UNITS. PROGRAM SHALL ALLOW
OPERATOR TO OVERRIDE ERU, AHU, oOrR HVU “OFF” COMMAND TO ENABLE INDIVIDUAL
UNITS FOR OPERATION WITHOUT OVERRIDING ZONE COMMAND. DURATION OF
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OVERRIDE SHALL BE FOR 3 HOURS. INTENT IS TO ALLOW ERUS, AHUS, oR HVUS TO
RUN FOR MAINTENANCE SERVICING WITHOUT REQUIRING OTHER EQUIPMENT IN THE
ZONE TO OPERATE AS WOULD BE REQUIRED IF THE ZONE WERE OVERRIDDEN ON.

PROVIDE A SINGLE POINT OUTDOOR AIR DAMPER OVERRIDE. INTENT IS TO ALLOW THE
BAS OPERATOR TO COMMAND ALL OUTDOOR AIR INTAKE DAMPERS CONTROLLED BY
BAS TO BE CLOSED BY A SINGLE COMMAND.

PROVIDE A SINGLE POINT ZONES OVERRIDE. INTENT IS TO ALLOW THE BAS OPERATOR
TO COMMAND ALL ZONES TO THE UNOCCUPIED MODE, EFFECTIVELY CLOSING ALL
OUTDOOR AIR DAMPERS AND SHUTTING DOWN EXHAUST FANS.

OVERRIDE SHALL BE POSSIBLE FOR ANALOG OR TIME CLOCK VALUES FOR A GIVEN
PERIOD OF TIME, UNTIL A GIVEN TIME OR PERMANENTLY. OVERRIDES MAY BE CLEARED
AT THE KEYBOARD OR THROUGH PROGRAMMABLE USER FUNCTIONS.

OPERATOR INTERFACE GRAPHIC SOFTWARE

A

GRAPHIC SOFTWARE SHALL FACILITATE USER-FRIENDLY INTERFACE TO ALL ASPECTS OF
THE SYSTEM SOFTWARE SPECIFIED ABOVE. THE INTENT OF THIS SPECIFICATION IS TO
REQUIRE A GRAPHIC PACKAGE THAT PROVIDES FOR INTUITIVE OPERATION OF THE
SYSTEMS WITHOUT EXTENSIVE TRAINING AND EXPERIENCE. IT SHALL FACILITATE
LOGICAL AND SIMPLE SYSTEM INTERROGATION, MODIFICATION, CONFIGURATION, AND
DIAGNOSIS.

GRAPHIC SOFTWARE SHALL SUPPORT MULTIPLE SIMULTANEOUS SCREENS TO BE
DISPLAYED AND RESIZABLE IN A “WINDOWS’-LIKE ENVIRONMENT. ALL FUNCTIONS
EXCEPTING TEXT ENTRY FUNCTIONS SHALL BE EXECUTABLE WITH A MOUSE.

GRAPHIC SOFTWARE SHALL PROVIDE FOR MULTITASKING SUCH THAT THIRD-PARTY
PROGRAMS CAN BE USED WHILE THE OWS SOFTWARE IS ON LINE. SOFTWARE SHALL
PROVIDE THE ABILITY TO ALARM GRAPHICALLY EVEN WHEN OPERATOR IS IN ANOTHER
SOFTWARE PACKAGE.

OPERATING SYSTEM SOFTWARE SHALL BE MICROSOFT WINDOWS XP PROFESSIONAL, OR
LATEST VERSION OF WINDOWS SUPPORTED BY THE BAS MANUFACTURER AND
APPROVED BY UC.

THE SOFTWARE SHALL ALLOW FOR THE UNIVERSITY’S CREATION OF USER-DEFINED,
COLOR GRAPHIC DISPLAYS OF GEOGRAPHIC MAPS, BUILDING PLANS, FLOOR PLANS, AND
MECHANICAL AND ELECTRICAL SYSTEM SCHEMATICS. THESE GRAPHICS SHALL BE
CAPABLE OF DISPLAYING ALL POINT INFORMATION FROM THE DATABASE INCLUDING
ANY ATTRIBUTES ASSOCIATED WITH EACH POINT (I.E., ENGINEERING UNITS, ETC.). IN
ADDITION, OPERATORS SHALL BE ABLE TO COMMAND EQUIPMENT OR CHANGE SETPOINTS
FROM A GRAPHIC THROUGH THE USE OF THE MOUSE

SCREEN PENETRATION: THE OPERATOR INTERFACE SHALL ALLOW USERS TO ACCESS THE
VARIOUS SYSTEM GRAPHIC SCREENS VIA A GRAPHICAL PENETRATION SCHEME BY USING
THE MOUSE TO SELECT FROM MENUS OR “BUTTON’ ICONS. EACH GRAPHIC SCREEN SHALL
BE CAPABLE OF HAVING A UNIQUE LIST OF OTHER GRAPHIC SCREENS THAT ARE DIRECTLY
LINKED THROUGH THE SELECTION OF A MENU ITEM OR BUTTON ICON.

DYNAMIC DATA DISPLAYS: DYNAMIC PHYSICAL POINT VALUES SHALL
AUTOMATICALLY UPDATED AT A MINIMUM FREQUENCY OF 6 UPDATES PER MINUTE
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WITHOUT OPERATOR INTERVENTION. POINT VALUE FIELDS SHALL BE DISPLAYED WITH A
COLOR CODE DEPICTING NORMAL, ABNORMAL, OVERRIDE AND ALARM CONDITIONS.

H. POINT OVERRIDE FEATURE: EACH DISPLAYED POINT SHALL BE INDIVIDUALLY
ENABLED/DISABLED TO ALLOW MOUSE-DRIVEN OVERRIDE OF DIGITAL POINTS OR
CHANGING OF ANALOG POINTS. SUCH OVERRIDES OR CHANGES SHALL OCCUR IN THE
CONTROL UNIT, NOT JUST IN THE WORKSTATION SOFTWARE. THE GRAPHIC POINT
OVERRIDE FEATURE SHALL BE SUBJECT TO PASSWORD LEVEL PROTECTION. POINTS THAT
ARE OVERRIDDEN SHALL BE REPORTED AS AN ALARM, AND SHALL BE DISPLAYED IN A
CODED COLOR. THE ALARM MESSAGE SHALL INCLUDE THE OPERATOR’S USER NAME. A
LIST OF POINTS THAT ARE CURRENTLY IN AN OVERRIDE STATE SHALL BE AVAILABLE
THROUGH MENU SELECTION.

l. DYNAMIC SYMBOLS: PROVIDE A SELECTION OF STANDARD SYMBOLS THAT CHANGE IN
APPEARANCE BASED ON THE VALUE OF AN ASSOCIATED POINT.

1. ANALOG SYMBOL: PROVIDE A SYMBOL THAT REPRESENTS THE VALUE OF AN
ANALOG POINT AS THE LENGTH OF A LINE OR LINEAR BAR.

2. DIGITAL SYMBOL: PROVIDE SYMBOLS SUCH AS SWITCHES, PILOT LIGHTS, ROTATING
FAN WHEELS, ETC. TO REPRESENT THE VALUE OF DIGITAL INPUT AND OUTPUT
POINTS.

3. POINT STATUS COLOR: GRAPHIC PRESENTATIONS SHALL INDICATE DIFFERENT
COLORS FOR DIFFERENT POINT STATUSES. (FOR INSTANCE, GREEN = NORMAL, RED =
ALARM, GRAY (OR “???”) FOR NON-RESPONSE).

4. TERMINAL EQUIPMENT COLOR: FLOOR PLAN GRAPHICS SHALL BE COLOR CODED BY
THE EQUIPMENT SERVED AS FOLLOWS; GREEN = ZONE TEMPERATURE WITHIN
SETPOINT, BLUE = ZONE TEMPERATURE BELOW SETPOINT, YELLOW = ZONE
TEMPERATURE ABOVE SETPOINT, RED = ZONE TEMPERATURE IN ALARM RANGE.

J. GRAPHICS DEVELOPMENT PACKAGE: GRAPHIC DEVELOPMENT AND GENERATION
SOFTWARE SHALL BE PROVIDED TO ALLOW THE USER TO ADD, MODIFY, OR DELETE
SYSTEM GRAPHIC DISPLAYS.

1. THE CONTRACTOR SHALL PROVIDE LIBRARIES OF PRE-ENGINEERED SCREENS AND
SYMBOLS DEPICTING STANDARD AIR HANDLING UNIT COMPONENTS (E.G. FANS,
COOLING COILS, FILTERS, DAMPERS, ETC.), MECHANICAL SYSTEM COMPONENTS
(E.G., PUMPS, CHILLERS, COOLING TOWERS, BOILERS, ETC.), COMPLETE MECHANICAL
SYSTEMS (E.G. CONSTANT VOLUME-TERMINAL REHEAT, VAV, ETC.) AND
ELECTRICAL SYMBOLS.

2. THE GRAPHIC DEVELOPMENT PACKAGE SHALL USE A MOUSE OR SIMILAR POINTING
DEVICE TO ALLOW THE USER TO PERFORM THE FOLLOWING:

a) DEFINE SYMBOLS

b) POSITION ITEMS ON GRAPHIC SCREENS

C) ATTACH PHYSICAL OR VIRTUAL POINTS TO A GRAPHIC
d) DEFINE BACKGROUND SCREENS

e) DEFINE CONNECTING LINES AND CURVES

f)  LOCATE, ORIENT AND SIZE DESCRIPTIVE TEXT

g) DEFINE AND DISPLAY COLORS FOR ALL ELEMENTS
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h) ESTABLISH CORRELATION BETWEEN SYMBOLS OR TEXT AND ASSOCIATED
SYSTEM POINTS OR OTHER DISPLAYS.

i) CREATE HOT SPOTS OR LINK TRIGGERS TO OTHER GRAPHIC DISPLAYS OR OTHER
FUNCTIONS IN THE SOFTWARE.

J)  INSERT FRAMES OF HTML PAGES LINKED INTERNALLY OR EXTERNALLY TO THE
CSS.

212 REMOTE PERSONAL COMPUTER WORKSTATION GRAPHIC SOFTWARE
EDIT THE FOLLOWING BASED ON HOW OPERATORS WILL REMOTELY CONNECT

A

B.

Part I1l.

REMOTE GRAPHIC OPERATOR SOFTWARE SHALL PROVIDE ALL THE FUNCTIONALITY
SPECIFIED FOR THE LOCAL GRAPHIC SOFTWARE.

SYSTEM CONFIGURATION USES AN INTERNET SERVER AND PRESENTS WEB PAGES THAT
CAN BE PULLED UP USING A STANDARD BROWSER.

SOFTWARE SHALL BE CAPABLE OF INITIATING COMMUNICATION TO SYSTEM, UPON USER
COMMAND, TO PERFORM ALL SPECIFIED FUNCTIONS. SOFTWARE SHALL BE CAPABLE OF
INITIATING COMMUNICATION TO THE LANS IN ACCORDANCE WITH USER-PROGRAMMED
TIME SCHEDULES TO UPLOAD TREND AND REPORT DATA. SOFTWARE SHALL BE CAPABLE
OF COMMUNICATING FROM THE LAN IN ACCORDANCE WITH USER-PROGRAMMED TIME
SCHEDULES TO REPORT ALARMS, UPLOAD TREND, AND REPORT DATA.

PART 3 - EXECUTION

301 SYSTEM CONFIGURATION

A

CONTRACTOR SHALL THOROUGHLY AND COMPLETELY CONFIGURE BAS SYSTEM
SOFTWARE, SUPPLEMENTAL SOFTWARE, NETWORK COMMUNICATIONS, CSS, OWS,
[REMOTE OPERATOR WORKSTATION], PORTABLE OPERATORS TERMINAL, PRINTER, AND
REMOTE COMMUNICATIONS.

3.02 SITE-SPECIFIC APPLICATION PROGRAMMING

A

PROVIDE ALL DATABASE CREATION AND SITE-SPECIFIC APPLICATION CONTROL
PROGRAMMING AS REQUIRED BY THESE SPECIFICATIONS, NATIONAL AND LOCAL
STANDARDS AND FOR A FULLY FUNCTIONING SYSTEM. CONTRACTOR SHALL PROVIDE
ALL INITIAL SITE-SPECIFIC APPLICATION PROGRAMMING AND THOROUGHLY DOCUMENT
PROGRAMMING. GENERALLY MEET THE INTENT OF THE WRITTEN SEQUENCES OF
OPERATION. ITIS THE CONTRACTOR’S RESPONSIBILITY TO REQUEST CLARIFICATION ON
SEQUENCE ISSUES THAT REQUIRE SUCH CLARIFICATION.

ALL SITE-SPECIFIC PROGRAMMING SHALL BE FULLY DOCUMENTED AND SUBMITTED FOR
REVIEW AND APPROVAL, BOTH PRIOR TO DOWNLOADING INTO THE PANEL, AT THE
COMPLETION OF FUNCTIONAL PERFORMANCE TESTING, AND AT THE END OF THE
WARRANTY PERIOD.

ALL PROGRAMMING, GRAPHICS AND DATA FILES MUST BE MAINTAINED IN A LOGICAL
SYSTEM OF DIRECTORIES WITH SELF-EXPLANATORY FILE NAMES. ALL FILES DEVELOPED
FOR THE PROJECT WILL BE THE PROPERTY OF THE UNIVERSITY AND SHALL REMAIN ON
THE WORKSTATION(S)/SERVER(S) AT THE COMPLETION OF THE PROJECT.
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3.03 PASSWORD SETUP

A

SET UP THE FOLLOWING PASSWORD LEVELS TO INCLUDE THE SPECIFIED CAPABILITIES:
1. LEVEL1:(UNIVERSITY’S BAS ADMINISTRATOR)
a) LEVEL 2 CAPABILITIES

b) VIEW, ADD, CHANGE AND DELETE USER NAMES, PASSWORDS, PASSWORD
LEVELS

€) ALL UNRESTRICTED SYSTEM CAPABILITIES INCLUDING ALL NETWORK
MANAGEMENT FUNCTIONS.

2. LEVEL 2: (SYSTEM ENGINEERS)
a) LEVEL 3 CAPABILITIES
b) CONFIGURE SYSTEM SOFTWARE
c) MODIFY CONTROL UNIT PROGRAMS
d) MODIFY GRAPHIC SOFTWARE

e) [ESSENTIALLY UNRESTRICTED EXCEPT FOR VIEWING OR MODIFYING USER
NAMES, PASSWORDS, PASSWORD LEVELS

3. LEVEL 3: (SENIOR MAINTENANCE TECHNICIAN)

a) LEVEL 4 CAPABILITIES

b) OVERRIDE OUTPUT POINTS

c) CHANGE SETPOINTS

d) CHANGE EQUIPMENT SCHEDULES

e) EXIT BAS SOFTWARE TO USE THIRD PARTY PROGRAMS
4. LEVEL 4: (MAINTENANCE / SERVICE DESK)

a) LEVEL 5 CAPABILITIES

b) ACKNOWLEDGE ALARMS

C) - TEMPORARILY OVERRIDE EQUIPMENT SCHEDULES
5. LEVEL5: (READ ONLY)

a) DISPLAY ALL GRAPHIC DATA

b) TREND POINT DATA

CONTRACTOR SHALL ASSIST UNIVERSITY’S OPERATORS WITH ASSIGNING USER NAMES,
PASSWORDS AND PASSWORD LEVELS. UCB HAS DESIGNATED CUSTOM ACCESS LEVELS
FOR USE BY CONTRACTORS ACTIVELY USING THE SYSTEM.

3.04 POINT PARAMETERS

A

PROVIDE THE FOLLOWING MINIMUM PROGRAMMING FOR EACH ANALOG INPUT:

1. NAME

2. ADDRESS

3. SCANNING FREQUENCY OR COV THRESHOLD

4. ENGINEERING UNITS

5. OFFSET CALIBRATION AND SCALING FACTOR FOR ENGINEERING UNITS
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HIGH AND LOW ALARM VALUES AND ALARM DIFFERENTIALS FOR RETURN TO
NORMAL CONDITION

HIGH AND LOW VALUE REPORTING LIMITS (REASONABLENESS VALUES), WHICH
SHALL PREVENT CONTROL LOGIC FROM USING SHORTED OR OPEN CIRCUIT VALUES.

DEFAULT VALUE TO BE USED WHEN THE ACTUAL MEASURED VALUE IS NOT
REPORTING. THIS IS REQUIRED ONLY FOR POINTS THAT ARE TRANSFERRED ACROSS
THE PRIMARY AND/OR SECONDARY CONTROLLING NETWORKS AND USED IN
CONTROL PROGRAMS RESIDING IN CONTROL UNITS OTHER THAN THE ONE IN WHICH
THE POINT RESIDES. EVENTS CAUSING THE DEFAULT VALUE TO BE USED SHALL
INCLUDE FAILURE OF THE CONTROL UNIT IN WHICH THE POINT RESIDES, OR FAILURE
OF ANY NETWORK OVER WHICH THE POINT VALUE IS TRANSFERRED.

SELECTABLE AVERAGING FUNCTION THAT SHALL AVERAGE THE MEASURED VALUE
OVER A USER SELECTED NUMBER OF SCANS FOR REPORTING.

B. PROVIDE THE FOLLOWING MINIMUM PROGRAMMING FOR EACH ANALOG OUTPUT:

No gk wbdPE

NAME

ADDRESS

OUTPUT UPDATING FREQUENCY

ENGINEERING UNITS

OFFSET CALIBRATION AND SCALING FACTOR FOR ENGINEERING UNITS
OUTPUT RANGE

DEFAULT VALUE TO BE USED WHEN THE NORMAL CONTROLLING VALUE IS NOT
REPORTING.

C. PROVIDE THE FOLLOWING MINIMUM PROGRAMMING FOR EACH DIGITAL INPUT:

ok wbdPE

NAME

ADDRESS

ENGINEERING UNITS (ON/OFF, OPEN/CLOSED, FREEZE/NORMAL, ETC.)
DEBOUNCE TIME DELAY (DIGITAL FILTER)

MESSAGE AND ALARM REPORTING AS SPECIFIED

REPORTING OF EACH CHANGE OF STATE, AND MEMORY STORAGE OF THE TIME OF
THE LAST CHANGE OF STATE

TOTALIZATION OF ON-TIME (FOR ALL MOTORIZED EQUIPMENT STATUS POINTS), AND
ACCUMULATED NUMBER OF OFF-TO-ON TRANSITIONS.

D. PROVIDE THE FOLLOWING MINIMUM PROGRAMMING FOR EACH DIGITAL OUTPUT:

O N O~ LDN R

NAME

ADDRESS

OUTPUT UPDATING FREQUENCY

ENGINEERING UNITS (ON/OFF, OPEN/CLOSED, FREEZE/NORMAL, ETC.)
DIRECT OR REVERSE ACTION SELECTION

MINIMUM ON-TIME

MINIMUM OFF-TIME

STATUS ASSOCIATION WITH A DI AND FAILURE ALARMING (AS APPLICABLE)
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9. REPORTING OF EACH CHANGE OF STATE, AND MEMORY STORAGE OF THE TIME OF
THE LAST CHANGE OF STATE.

10. TOTALIZATION OF ON-TIME (FOR ALL MOTORIZED EQUIPMENT STATUS POINTS), AND
ACCUMULATED NUMBER OF OFF-TO-ON TRANSITIONS.

11. DEFAULT VALUE TO BE USED WHEN THE NORMAL CONTROLLING VALUE IS NOT
REPORTING.

3.05 TRENDS

A

CONTRACTOR SHALL ESTABLISH AND STORE TREND LOGS. TREND LOGS SHALL BE
PREPARED FOR EACH PHYSICAL INPUT AND OUTPUT POINT, AND ALL DYNAMIC VIRTUAL
POINTS SUCH AS SETPOINTS SUBJECT TO A RESET SCHEDULE, INTERMEDIATE SETPOINT
VALUES FOR CASCADED CONTROL LOOPS, AND THE LIKE AS DIRECTED BY THE
UNIVERSITY.

THE UNIVERSITY WILL ANALYZE TREND LOGS OF THE SYSTEM OPERATING PARAMETERS
TO EVALUATE NORMAL SYSTEM FUNCTIONALITY. CONTRACTOR SHALL ESTABLISH
THESE TRENDS AND ENSURE THEY ARE BEING STORED PROPERLY.

1. DATASHALL INCLUDE A SINGLE ROW OF FIELD HEADINGS AND THE DATA
THEREAFTER SHALL BE CONTIGUOUS. EACH RECORD SHALL INCLUDE A DATE AND
TIME FIELD OR SINGLE DATE STAMP. RECORDED PARAMETERS FOR A GIVEN PIECE
OF EQUIPMENT OR COMPONENT SHALL BE TRENDED AT THE SAME INTERVALS AND
BE PRESENTED IN A MAXIMUM OF TWO SEPARATE 2-DIMENSIONAL FORMATS WITH
TIME BEING THE ROW HEADING AND FIELD NAME BEING THE COLUMN HEADING.

THE CONTRACTOR SHALL DEMONSTRATE FUNCTIONAL TRENDS AS SPECIFIED FOR A
PERIOD OF 30 DAYS AFTER SUCCESSFUL SYSTEM DEMONSTRATION BEFORE SUBSTANTIAL
COMPLETION OF THE SYSTEM.

306 ALARMS

A

GENERAL: CONTRACTOR WILL BE RESPONSIBLE FOR SETTING INITIAL ALARM
PARAMETERS. REPORTING ACTIONS WILL BE SETUP BY UCB. NO REPORTING ACTIONS
WILL BE INITIATED UNLESS DIRECTED BY UCB.

OVERRIDE ALARMS: ANY POINT THAT IS OVERRIDDEN THROUGH THE OVERRIDE
FEATURE OF THE GRAPHIC WORKSTATION SOFTWARE SHALL BE REPORTED AS A LEVEL 3
ALARM.

ANALOG INPUT ALARMS: FOR EACH ANALOG INPUT, PROGRAM AN ALARM MESSAGE FOR
REPORTING WHENEVER THE ANALOG VALUE IS OUTSIDE OF THE PROGRAMMED ALARM
LIMITS. REPORT A ‘RETURN-TO-NORMAL’ MESSAGE AFTER THE ANALOG VALUE
RETURNS TO THE NORMAL RANGE, USING A PROGRAMMED ALARM DIFFERENTIAL. THE
ALARM LIMITS SHALL BE INDIVIDUALLY SELECTED BY UCB. CONTRACTOR SHALL
COORDINATE WITH UCB FOR FINAL VALUES BASED ON THE FOLLOWING PARAMETERS:

1. SPACE TEMPERATURE, EXCEPT AS OTHERWISE STATED IN SEQUENCE OF OPERATION:
LEVEL 3

a) Low ALARM: 64°F
b) LOW RETURN-TO-NORMAL: 68°F
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c) HIGHALARM: 85°F
d) HIGH RETURN-TO-NORMAL: 80°F

2. CONTROLLED MEDIA TEMPERATURE OTHER THAN SPACE TEMPERATURE (E.G. AHU
DISCHARGE AIR TEMPERATURE, STEAM CONVERTER LEAVING WATER
TEMPERATURE, CONDENSER WATER SUPPLY, CHILLED WATER SUPPLY, ETC.): LEVEL
3 (IF CONTROLLED MEDIA TEMPERATURE SETPOINT IS RESET, ALARM SETPOINTS
SHALL BE PROGRAMMED TO FOLLOW SETPOINT)

a) Low ALARM: 3°F BELOW SETPOINT
b) LOW RETURN-TO-NORMAL: 2°F BELOW SETPOINT
c) HIGH ALARM: 3°F ABOVE SETPOINT
d) HIGH RETURN-TO-NORMAL: 2°F ABOVE SETPOINT.
3. AHU MIXED AIR TEMPERATURE: LEVEL 4
a) Low ALARM: 45°F
b) LOW RETURN-TO-NORMAL: 46°F
c) HIGH ALARM: 90°F
d) HIGH RETURN-TO-NORMAL: 89°F
4. DUCT PRESSURE:
a) Low ALARM: 0.5”W.G. BELOW SETPOINT
b) LOW RETURN-TO-NORMAL: 0.25”W.G. BELOW SETPOINT
c) HIGH ALARM: 0.5”W.G. ABOVE SETPOINT
d) HIGH RETURN-TO-NORMAL: 0.25”W.G. ABOVE SETPOINT
5.  SPACE HUMIDITY:
a) Low ALARM: 35%
b) LOw RETURN-TO-NORMAL: 40%
c) - HIGH ALARM: 75%
d) HIGH RETURN-TO-NORMAL: 70%

BAS SYSTEM FAILURE ALARM: GENERATE ALARM THAT READS “BAS SYSTEM
FAILURE”. ALARM SHALL BE GENERATED WHEN COMMUNICATION IS LOST TO ANY
CONTROLLER OR WHEN ANY CONTROLLER IS DETERMINED TO BE IN AN ABNORMAL
STATE.

3.07 GRAPHIC SCREENS

A

FLOOR PLAN SCREENS: THE CONTRACT DOCUMENT DRAWINGS WILL BE MADE
AVAILABLE TO THE CONTRACTOR IN AUTOCAD FORMAT UPON REQUEST. THESE
DRAWINGS MAY BE USED ONLY FOR DEVELOPING BACKGROUNDS FOR SPECIFIED
GRAPHIC SCREENS; HOWEVER THE UNIVERSITY DOES NOT GUARANTEE THE SUITABILITY
OF THESE DRAWINGS FOR THE CONTRACTOR’S PURPOSE.

1. PROVIDE GRAPHIC FLOOR PLAN SCREENS FOR EACH FLOOR, WING, OR TOWER OF THE
BUILDING. INDICATE THE LOCATION OF ALL EQUIPMENT THAT IS NOT LOCATED ON
THE EQUIPMENT ROOM SCREENS. INDICATE ALL EQUIPMENT ZONES WITH
CORRESPONDING ON/OFF STATUS. INDICATE THE LOCATION OF TEMPERATURE
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SENSORS ASSOCIATED WITH EACH TEMPERATURE-CONTROLLED ZONE (I.E., VAV
TERMINALS, FAN-COILS, SINGLE-ZONE AHUS, ETC.) ON THE FLOOR PLAN SCREENS.
DISPLAY THE SPACE TEMPERATURE POINT ADJACENT TO EACH TEMPERATURE
SENSOR SYMBOL. USE A DISTINCT LINE SYMBOL TO DEMARCATE EACH TERMINAL
UNIT ZONE BOUNDARY. USE DISTINCT COLORS TO DEMARCATE EACH AIR
HANDLING UNIT ZONE. MECHANICAL FLOOR PLAN DRAWINGS WILL BE MADE
AVAILABLE TO THE CONTRACTOR UPON REQUEST FOR THE PURPOSE OF
DETERMINING ZONE BOUNDARIES. INDICATE ROOM NUMBERS AS PROVIDED BY THE
OWNER. PROVIDE A DRAWING LINK FROM EACH SPACE TEMPERATURE SENSOR
SYMBOL AND EQUIPMENT SYMBOL SHOWN ON THE GRAPHIC FLOOR PLAN SCREENS
TO EACH CORRESPONDING EQUIPMENT SCHEMATIC GRAPHIC SCREEN.

2. PROVIDE GRAPHIC FLOOR PLAN SCREENS FOR EACH MECHANICAL EQUIPMENT ROOM
AND A PLAN SCREEN OF THE ROOF. INDICATE THE LOCATION OF EACH ITEM OF
MECHANICAL EQUIPMENT. PROVIDE A DRAWING LINK FROM EACH EQUIPMENT
SYMBOL SHOWN ON THE GRAPHIC PLAN VIEW SCREEN TO EACH CORRESPONDING
MECHANICAL SYSTEM SCHEMATIC GRAPHIC SCREEN.

3. IFMULTIPLE FLOOR PLANS ARE NECESSARY TO SHOW ALL AREAS, PROVIDE A
GRAPHIC BUILDING KEY PLAN. USE ELEVATION VIEWS AND/OR PLAN VIEWS AS
NECESSARY TO GRAPHICALLY INDICATE THE LOCATION OF ALL OF THE LARGER
SCALE FLOOR PLANS. LINK GRAPHIC BUILDING KEY PLAN TO LARGER SCALE
PARTIAL FLOOR PLANS. PROVIDE LINKS FROM EACH LARGER SCALE GRAPHIC FLOOR
PLAN SCREEN TO THE BUILDING KEY PLAN AND TO EACH OF THE OTHER GRAPHIC
FLOOR PLAN SCREENS.

4. PROVIDE A GRAPHIC SITE PLAN WITH LINKS TO AND FROM EACH BUILDING PLAN.

B. SYSTEM SCHEMATIC SCREENS: PROVIDE GRAPHIC SYSTEM SCHEMATIC SCREEN FOR
EACH HVAC SUBSYSTEM CONTROLLED WITH EACH I/O POINT IN THE PROJECT
APPEARING ON AT LEAST ONE GRAPHIC SCREEN. SYSTEM GRAPHICS SHALL INCLUDE
FLOW DIAGRAMS WITH STATUS, SETPOINTS, CURRENT ANALOG INPUT AND OUTPUT
VALUES, OPERATOR COMMANDS, ETC. AS APPLICABLE. GENERAL LAYOUT OF THE
SYSTEM SHALL BE SCHEMATICALLY CORRECT. INPUT/QUTPUT DEVICES SHALL BE SHOWN
IN THEIR SCHEMATICALLY CORRECT LOCATIONS. INCLUDE APPROPRIATE ENGINEERING
UNITS FOR EACH DISPLAYED POINT VALUE. VERBOSE NAMES (ENGLISH LANGUAGE
DESCRIPTORS) SHALL BE INCLUDED FOR EACH POINT ON ALL GRAPHICS; THIS MAY BE
ACCOMPLISHED BY THE USE OF A POP-UP WINDOW ACCESSED BY SELECTING THE
DISPLAYED POINT WITH THE MOUSE. INDICATE ALL ADJUSTABLE SETPOINTS ON THE
APPLICABLE SYSTEM SCHEMATIC GRAPHIC SCREEN OR, IF SPACE DOES NOT ALLOW, ON A
SUPPLEMENTAL LINKED-SETPOINT SCREEN.

1. PROVIDE GRAPHIC SCREENS FOR EACH AIR HANDLING SYSTEM. INDICATE OUTSIDE
AIR TEMPERATURE AND ENTHALPY, AND MODE OF OPERATION AS APPLICABLE (1.E.,
OCCUPIED, UNOCCUPIED, WARM-UP, COOL-DOWN). LINK SCREENS FOR AIR
HANDLERS TO THE HEATING SYSTEM AND COOLING SYSTEM GRAPHICS. LINK
SCREENS FOR SUPPLY AND EXHAUST SYSTEMS IF THEY ARE NOT COMBINED ONTO
ONE SCREEN.

2. PROVIDE A GRAPHIC SCREEN FOR EACH ZONE. PROVIDE LINKS TO GRAPHIC SYSTEM
SCHEMATIC SCREENS OF AIR HANDLING UNITS THAT SERVE THE CORRESPONDING
ZONE.
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3. PROVIDE A COOLING SYSTEM GRAPHIC SCREEN SHOWING ALL POINTS ASSOCIATED
WITH THE CHILLERS, COOLING TOWERS AND PUMPS. INDICATE OUTSIDE AIR DRY-
BULB TEMPERATURE AND CALCULATED WET-BULB TEMPERATURE. LINK SCREENS
FOR CHILLED WATER AND CONDENSER WATER SYSTEMS IF THEY CANNOT FIT ONTO

ONE COOLING PLANT GRAPHIC SCREEN.

4. LINK SCREENS FOR HEATING AND COOLING SYSTEM GRAPHICS TO UTILITY HISTORY
REPORTS SHOWING CURRENT AND MONTHLY ELECTRIC USES, DEMANDS, PEAK

VALUES, AND OTHER PERTINENT VALUES.

C. ALARMS: EACH PROGRAMMED ALARM SHALL APPEAR ON AT LEAST ONE GRAPHIC
SCREEN. IN GENERAL, ALARMS SHALL BE DISPLAYED ON THE GRAPHIC SYSTEM
SCHEMATIC SCREEN FOR THE SYSTEM THAT THE ALARM IS ASSOCIATED WITH (FOR
EXAMPLE, CHILLER ALARM SHALL BE SHOWN ON GRAPHIC COOLING SYSTEM SCHEMATIC
SCREEN). FOR ALL GRAPHIC SCREENS, DISPLAY ANALOG AND DIGITAL VALUES THAT ARE

IN A “ALARM’ CONDITION IN A RED COLOR.

M15956 - SEQUENCE OF OPERATION

PART I.

1.01 Section Includes 90
1.02 related documents: 91
1.03 System Description 91
1.04 Submittals 91

PART II.
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3.01 GENERAL 92

3.02 Demand Limiting Control: 95

3.03 Air Handling Units - General 95

3.04 Alr Handling Unit Diagnostics - General 100

3.05 Air Handler MONITORING AND MANAGEMENT 101

3.06 GLYCOL HEAT RECOVERY RUN AROUND LOOP

3.07 Steam to HW converterS wiTH VV pumps 102

3.08 Central plant MONITORING AND MANAGEMENT
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1.01  SECTION INCLUDES

A. AIR HANDLING UNITS

B GLYCOL RECOVERY SYSTEM

C. STEAM TO HOT WATER CONVERTER
D CENTRAL PLANT MONITORING
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1.02 RELATED DOCUMENTS:

A

OCZZrAE~"IO@NMMOUOW®

DRAWINGS AND GENERAL PROVISIONS OF CONTRACT, INCLUDING THE GENERAL
CONDITIONS AND SUPPLEMENTARY CONDITIONS AND OTHER DIVISION-1 SPECIFICATION
SECTIONS, APPLY TO THIS SECTION.

SECTION 15010 - BASIC MECHANICAL REQUIREMENTS

SECTION 23 0500 — COMMON WORK RESULTS FOR HVAC

SECTION 15950 - BUILDING AUTOMATION SYSTEM (BAS) GENERAL

SECTION 23 0900 - BUILDING AUTOMATION SYSTEM (BAS) GENERAL
SECTION 15951 - BAS BASIC MATERIALS, INTERFACE DEVICES, AND SENSORS
SECTION 23 0913 — BAS BASIC MATERIALS, INTERFACE DEVICES, AND SENSORS
SECTION 15953 - BAS FIELD PANELS

SECTION 23 0903 — BAS FIELD PANELS

SECTION 15954 - BAS COMMUNICATIONS DEVICES

SECTION 23 0904 - BAS COMMUNICATION DEVICES

SECTION 15955 - BAS SOFTWARE

SECTION 23 0905 - BAS SOFTWARE AND PROGRAMMING

SECTION 15959 — BAS COMMISSIONING

SECTION 23 0801 - BAS COMMISSIONING

1.03  SYSTEM DESCRIPTION

A

B.

THIS SECTION DEFINES THE MANNER AND METHOD BY WHICH CONTROLS OPERATE AND
SEQUENCE THE CONTROLLED EQUIPMENT. INCLUDED IN THIS SECTION ARE GENERAL
REQUIREMENTS AND LOGIC STRATEGIES THAT EXPAND ON THE SPECIFIC SEQUENCES
SHOWN ON THE DRAWINGS. SPECIFIC DRAWING SEQUENCES REFER TO THIS SECTION AND
REFERENCE THE LOGIC STRATEGIES AS REQUIRED.

REFER TO THE CONTROL DRAWINGS FOR SPECIFIC SEQUENCES FOR INDIVIDUAL SYSTEMS.

1.04  SUBMITTALS

A

Part Il.

Part I1l.

REFER TO SECTION 15950 {23 0900} AND DIVISION 1 FOR REQUIREMENTS FOR CONTROL
SHOP DRAWINGS, PRODUCT DATA, USERS MANUAL, ETC.[]

PRODUCTS

NOT USED

EXECUTION
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301 GENERAL

A

SEQUENCES SPECIFIED HEREIN INDICATE THE FUNCTIONAL INTENT OF THE SYSTEMS
OPERATION AND MAY NOT FULLY DETAIL EVERY ASPECT OF THE PROGRAMMING THAT
MAY BE REQUIRED TO OBTAIN THE INDICATED OPERATION. CONTRACTOR SHALL
PROVIDE ALL PROGRAMMING NECESSARY TO OBTAIN THE SEQUENCES/SYSTEM
OPERATION INDICATED.

WHEN AN AIR HANDLING UNIT IS NOT IN OPERATION, CONTROL DEVICES SHALL REMAIN
IN THEIR “OFF” POSITIONS. “OFF” POSITIONS MAY DIFFER FROM THE “NORMAL”
(MEANING FAILED) POSITION. EXCEPT AS SPECIFIED OTHERWISE, “OFF” AND “NORMAL”
POSITIONS OF CONTROL DEVICES SHALL BE AS FOLLOWS:

DEVICE “OFF” POSITION ~ “NORMAL” POSITION
HEATING COIL VALVES CLOSED OPEN
COOLING COIL VALVES CLOSED CLOSED
OUTSIDE AIR DAMPER CLOSED CLOSED

RETURN AIR DAMPER OPEN OPEN
EXHAUST/RELIEF AIR CLOSED CLOSED
DAMPER
VAR. FREQ. DRIVE OFF MIN. SPEED

UNLESS SPECIFIED OTHERWISE, THROTTLING RANGES, PROPORTIONAL BANDS, AND
CYCLE DIFFERENTIALS SHALL BE CENTERED ON THE ASSOCIATED SETPOINT. ALL
MODULATING FEEDBACK CONTROL LOOPS SHALL INCLUDE THE CAPABILITY OF HAVING
PROPORTIONAL, INTEGRAL, AND DERIVATIVE ACTION. UNLESS THE LOOP IS SPECIFIED
“PROPORTIONAL ONLY” OR “P+1”, CONTRACTOR SHALL APPLY APPROPRIATE ELEMENTS
OF INTEGRAL AND DERIVATIVE GAIN TO EACH CONTROL LOOP WHICH SHALL RESULT IN
STABLE OPERATION, MINIMUM SETTLING TIME, AND SHALL MAINTAIN THE PRIMARY
VARIABLE WITHIN THE SPECIFIED MAXIMUM ALLOWABLE VARIANCE.

SCHEDULING TERMINOLOGY: WHEN AIR HANDLERS ARE SCHEDULED THROUGHOUT THE
DAY, THE FOLLOWING DEFINES THE TERMINOLOGY USED:.

COORDINATE OCCUPANCY SCHEDULES WITH UCB ON A PER BUILDING BASIS.

1. OCCUPIED PERIOD: PERIOD OF TIME WHEN THE BUILDING IS IN USE AND OCCUPIED.
UNLESS INDICATED OTHERWISE, THIS PERIOD IS DEFINED AS X:XX AM - X:XX PM
WEEKDAYS AND X:XX AM TO XX:XX PM WEEKENDS. EXCLUDE ALL NATIONAL
HOLIDAYS. GENERALLY SYSTEMS WILL BE FULLY OPERATIONAL THROUGHOUT THIS
PERIOD AND VENTILATION AIR SHALL BE CONTINUOUSLY INTRODUCED. SPACE
TEMPERATURE SETPOINTS WILL GENERALLY BE IN THE “NORMAL” RANGE OF 69°-
T7°F.

2. UNOCCUPIED PERIOD: PERIOD OF TIME WHEN THE BUILDING OR ZONE IS NOT IN USE
AND UNOCCUPIED. VENTILATION AIR SHALL NOT BE INTRODUCED.
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3. PREOCCUPANCY PERIOD: TIME PRIOR TO THE OCCUPIED PERIOD WHEN THE
SYSTEMS ARE RETURNING THE SPACE TEMPERATURES FROM SETBACK TO “NORMAL”
OR OCCUPIED SETPOINTS (WARM-UP AND COOL-DOWN). VENTILATION AIR SHALL
NOT BE INTRODUCED UNLESS OUTSIDE AIR CONDITIONS PERMIT FREE-COOLING.
TIME PERIOD SHALL BE DETERMINED BY AN OPTIMUM START STRATEGY UNLESS
OTHERWISE SPECIFIED.

4. SETBACK PERIOD: SETBACK WILL TYPICALLY COINCIDE START WITH THE END OF
THE OCCUPIED PERIOD AND END WITH THE START OF THE PREOCCUPACY PERIOD,
HOWEVER IT SHALL BE PROVIDED WITH ITS OWN SCHEDULE. GENERALLY SYSTEMS
WILL BE OFF EXCEPT TO MAINTAIN A “SETBACK” TEMPERATURE.

E. WHERE ANY SEQUENCE OR OCCUPANCY SCHEDULE CALLS FOR MORE THAN ONE
MOTORIZED UNIT TO START SIMULTANEOUSLY, THE BAS START COMMANDS SHALL BE
STAGGERED BY 5 SECOND (ADJ.) INTERVALS TO MINIMIZE INRUSH CURRENT.

F. ALARM MESSAGES SPECIFIED THROUGHOUT THE SEQUENCES ARE ASSIGNED TO DISCRETE
PRIORITY LEVELS. PRIORITY LEVELS DICTATE THE HANDLING AND DESTINATION OF
ALARM REPORTS, AND ARE DEFINED IN SECTION 15955 {23 0905} - ATC SYSTEM
SOFTWARE AND PROGRAMMING.

G. WHEREVER A VALUE IS INDICATED AS ADJUSTABLE (ADJ.), IT SHALL BE MODIFIABLE,
WITH THE PROPER PASSWORD LEVEL, FROM THE OPERATOR INTERFACE OR VIA A
FUNCTION BLOCK MENU. FOR THESE POINTS, IT IS UNACCEPTABLE TO HAVE TO MODIFY
PROGRAMMING STATEMENTS TO CHANGE THE SETPOINT.

H. WHEN A POWER FAILURE IS DETECTED IN ANY PHASE, THE BAS START COMMANDS
SHALL BE RETRACTED IMMEDIATELY FROM ALL ELECTRICALLY POWERED UNITS SERVED
BY THE FAILED POWER SOURCE. IF THE ASSOCIATED PRIMARY CONTROL UNIT (PCU) IS
POWERED BY NORMAL OR EMERGENCY POWER, IT MAY MONITOR ITS OWN POWER
SOURCE AS AN INDICATION OF POWER STATUS. IF THE PCU IS POWERED BY
UNINTERRUPTABLE POWER SUPPLY (UPS), OR IF PCU IS NOT CAPABLE OF MONITORING
ITS OWN POWER FOR USE IN SEQUENCES, CONTRACTOR SHALL PROVIDE AT LEAST ONE
VOLTAGE MONITOR (THREE PHASE WHEN APPLICABLE) PER BUILDING. WHEN THE BAS
DETECTS THAT POWER HAS BEEN RESTORED, ALL EQUIPMENT FOR WHICH THE BAS
START COMMAND HAD BEEN RETRACTED SHALL BE AUTOMATICALLY RESTARTED ON
STAGGERED 5 SECOND INTERVALS TO MINIMIZE INRUSH CURRENT. WHEN LOSS OF
EQUIPMENT STATUS COINCIDES WITH A POWER FAILURE, SYSTEM SHALL NOT ALARM
INDIVIDUAL EQUIPMENT FAILURES. INSTEAD, ONLY A SINGLE LEVEL 2 ALARM SHALL BE
ENUNCIATED.

. WHERE RESET ACTION IS SPECIFIED IN A SEQUENCE OF OPERATION, BUT A RESET
SCHEDULE IS NOT INDICATED ON THE DRAWINGS, ONE OF THE FOLLOWING METHODS
SHALL BE EMPLOYED:

1. CONTRACTOR SHALL DETERMINE A FIXED RESET SCHEDULE WHICH SHALL RESULT
IN STABLE OPERATION AND SHALL MAINTAIN THE PRIMARY VARIABLE WITHIN THE
SPECIFIED MAXIMUM ALLOWABLE VARIANCE.

2.  AFLOATING RESET ALGORITHM SHALL BE USED WHICH INCREMENTS THE
SECONDARY VARIABLE SETPOINT (SETPOINT OF CONTROL LOOP BEING RESET) ON A
PERIODIC BASIS TO MAINTAIN PRIMARY VARIABLE SETPOINT. THE RECALCULATION
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TIME AND RESET INCREMENT SHALL BE CHOSEN TO MAINTAIN THE PRIMARY
VARIABLE WITHIN THE SPECIFIED MAXIMUM ALLOWABLE VARIANCE.

J. WHERE A SUPPLY AIR TEMPERATURE OR DUCT PRESSURE SETPOINT IS SPECIFIED TO BE
RESET BY THE SPACE TEMPERATURE OF THE ZONES CALLING FOR THE MOST
COOLING/HEATING, THE FOLLOWING METHOD SHALL BE EMPLOYED:

1. AFLOATING RESET ALGORITHM SHALL BE USED WHICH INCREMENTS THE
SECONDARY VARIABLE (E.G., SUPPLY AIR TEMPERATURE OR DUCT PRESSURE)
SETPOINT ON A PERIODIC BASIS TO MAINTAIN PRIMARY VARIABLE (E.G. SPACE
TEMPERATURE) SETPOINT. THE RESET INCREMENT SHALL BE DETERMINED BY THE
QUANTITY OF “NEED HEAT” OR “NEED COOL” REQUESTS FROM INDIVIDUAL SCU’S.
A SCU’S “NEED HEAT” VIRTUAL POINT SHALL ACTIVATE WHENEVER THE ZONE’S
SPACE TEMPERATURE FALLS BELOW THE CURRENTLY APPLICABLE (OCCUPIED OR
UNOCCUPIED) HEATING SETPOINT THROTTLING RANGE. A SCU’S “NEED COOL”
VIRTUAL POINT SHALL ACTIVATE WHENEVER THE ZONE’S SPACE TEMPERATURE
RISES ABOVE THE CURRENTLY APPLICABLE (OCCUPIED, UNOCCUPIED, OR ECONOMY)
COOLING SETPOINT THROTTLING RANGE. THE RECALCULATION TIME AND RESET
INCREMENT SHALL BE CHOSEN TO MAINTAIN THE PRIMARY VARIABLE WITHIN THE
SPECIFIED MAXIMUM ALLOWABLE VARIANCE WHILE MINIMIZING OVERSHOOT AND
SETTLING TIME. RESET RANGE MAXIMUM AND MINIMUM VALUES SHALL LIMIT THE
SETPOINT RANGE.

K. WHERE A SUPPLY AIR TEMPERATURE, DUCT PRESSURE, OR DIFFERENTIAL WATER
PRESSURE SETPOINT IS SPECIFIED TO BE RESET BY VALVE OR DAMPER POSITION OF THE
ZONE OR ZONES CALLING FOR THE MOST COOLING/HEATING, THE FOLLOWING METHOD
SHALL BE EMPLOYED:

1.  AFLOATING RESET ALGORITHM SHALL BE USED WHICH INCREMENTS THE
SECONDARY VARIABLE (E.G., SUPPLY AIR TEMPERATURE, PIPE OR DUCT PRESSURE)
SETPOINT ON A PERIODIC BASIS TO MAINTAIN PRIMARY VARIABLE (E.G. COOLING
VALVE, HEATING VALVE, DAMPER POSITION) SETPOINT OF 85% OPEN. THE RESET
INCREMENT SHALL BE CALCULATED BASED ON THE AVERAGE POSITION OF THE
QUANTITY OF THE WORST (MOST OPEN VALVE/DAMPER) ZONE(S) AS SPECIFIED. THE
RECALCULATION TIME, RESET INCREMENT AND CONTROL DEVICE POSITION
INFLUENCE SHALL BE CHOSEN TO MAINTAIN THE PRIMARY VARIABLE WITHIN THE
SPECIFIED MAXIMUM ALLOWABLE VARIANCE WHILE MINIMIZING OVERSHOOT AND
SETTLING TIME. THE BAS ANALOG OUTPUT VALUE SHALL BE ACCEPTABLE AS
INDICATING THE POSITION OF THE CONTROL DEVICE.

2. ALTERNATIVELY TO CONTINUOUSLY CALCULATING THE AVERAGE OF THE
QUANTITY OF WORST VALVE/DAMPER POSITIONS, A METHOD SIMILAR TO THE ONE
DESCRIBED ABOVE MAY BE EMPLOYED WHEREBY THE “NEED HEAT” OR “NEED
COOL” VIRTUAL POINT SHALL INCREMENT BY ONE UNIT EACH TIME A ZONE’S
VALVE/DAMPER POSITION RISES TO GREATER THAN 95%. THE QUANTITY OF “NEED
HEAT” OR “NEED COOL” POINTS SHALL THEN BE THE BASIS FOR RESET.

L. WHERE “PROVE OPERATION” OF A DEVICE (GENERALLY CONTROLLED BY A DIGITAL
OUTPUT) IS INDICATED IN THE SEQUENCE, IT SHALL REQUIRE THAT THE BAS SHALL,
AFTER AN ADJUSTABLE TIME DELAY AFTER THE DEVICE IS COMMANDED TO OPERATE
(FEEDBACK DELAY), CONFIRM THAT THE DEVICE IS OPERATIONAL VIA THE STATUS
INPUT. IF THE STATUS POINT DOES NOT CONFIRM OPERATION AFTER THE TIME DELAY OR
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ANYTIME THEREAFTER FOR AN ADJUSTABLE TIME DELAY (DEBOUNCE DELAY) WHILE THE
DEVICE IS COMMANDED TO RUN, AN ALARM SHALL BE ENUNCIATED AUDIBLY AND VIA
AN ALARM MESSAGE AT THE OPERATOR INTERFACE AND PRINT AT THE ALARM PRINTERS.
A DESCRIPTIVE MESSAGE SHALL BE ATTACHED TO THE ALARM MESSAGE INDICATING THE
NATURE OF THE ALARM AND ACTIONS TO BE TAKEN. CONTRACTOR SHALL PROVIDE
MESSAGES TO MEET THIS INTENT. [UPON FAILURE, RUN COMMAND SHALL BE REMOVED
AND THE DEVICE SHALL BE LOCKED OUT UNTIL THE ALARM IS MANUALLY
ACKNOWLEDGED UNLESS SPECIFIED OTHERWISE. ]

BAS SHALL PROVIDE FOR ADJUSTABLE MAXIMUM RATES OF CHANGE FOR INCREASING
AND DECREASING OUTPUT FROM THE FOLLOWING ANALOG OUTPUT POINTS:

1. SPEED CONTROL OF VARIABLE SPEED DRIVES

2. CHILLER SUPPLY WATER TEMPERATURE SETPOINT RESET

3. CHILLER DEMAND LIMIT

4. TRAVEL RATE OF TOWER ISOLATION AND CHILLER ISOLATION VALVES

WHEREVER A VALUE IS INDICATED TO BE DEPENDENT ON ANOTHER VALUE (I.E.:
SETPOINT PLUS 5°F) BAS SHALL USE THAT EQUATION TO DETERMINE THE VALUE.
SIMPLY PROVIDING A VIRTUAL POINT THAT THE OPERATOR MUST SET IS UNACCEPTABLE.
IN THIS CASE THREE VIRTUAL POINTS SHALL BE PROVIDED. ONE TO STORE THE
PARAMETER (5°F), ONE TO STORE THE SETPOINT, AND ONE TO STORE THE VALUE WHICH
IS THE RESULT OF THE EQUATION.

3.02 DEMAND LIMITING CONTROL:

A.
B.

BAS SHALL MONITOR KW DEMAND OVER A 15-MINUTE SLIDING WINDOW PERIOD.

DEMAND LIMITING SHALL BE DISABLED DURING THE WINTER BILLING PERIOD. WHEN
DEMAND LIMITING IS ENABLED, IT SHALL BE POSSIBLE FOR THE OPERATOR TO DISABLE IT
ON A DAILY BASIS DURING, BUT IT SHALL BE AUTOMATICALLY RE-ENABLED EACH DAY
AT 12 MIDNIGHT.

ON A RISE IN KW TO WITHIN [200] KW (ADJ.) OF SETPOINT, A LEVEL 4 ALARM SHALL BE
ENUNCIATED AND BAS SHALL BEGIN TO MAKE ONE “LOAD SHED” COMMAND EVERY [3]
MINUTES (ADJ.). ON A FALL IN KW TO [200] KW LESS THAN THE DEMAND SETPOINT,
BAS SHALL BEGIN TO BROADCAST ONE "LOAD RESTORE” COMMAND EVERY [3] (ADJ.)
MINUTES ON A FIRST SHED, FIRST RESTORED BASIS. |F DEMAND EXCEEDS THE DEMAND
SETPOINT AND THERE ARE NO MORE LOADS LEFT TO SHED, THE DEMAND SETPOINT SHALL
BE INCREASED TO THE MAXIMUM DEMAND EXPERIENCED. DEMAND SETPOINT SHALL BE
AUTOMATICALLY RESET TO AN ADJUSTABLE VALUE AT THE BEGINNING OF EACH BILLING
PERIOD.

“LOADS” AVAILABLE FOR SHEDDING ARE DEFINED ELSEWHERE IN THIS SPECIFICATION
SECTION.

ON ARISE IN KW TO WITHIN [50] KW (ADJ.) OF SETPOINT, A LEVEL 3 AND LEVEL 4
ALARM SHALL BE ENUNCIATED.

3.03 AIR HANDLING UNITS - GENERAL

A

LOGIC STRATEGIES: THE BAS SHALL FULLY CONTROL THE AIR HANDLERS. GENERALLY
THE BAS SHALL ENERGIZE THE AH (START THE FANS AND ACTIVATE CONTROL LOOPS)
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AS DICTATED FOR EACH AIR HANDLE. THE FOLLOWING INDICATES WHEN AND HOW THE
BAS SHALL ENERGIZE THE AHS AND CONTROL VARIOUS COMMON ASPECTS OF THEM.
THE FOLLOWING “LOGIC STRATEGIES” SHALL BE INCLUDED BY REFERENCE, IF REQUIRED,
FROM EACH AHU SEQUENCE OF OPERATION:

SCHEDULED OCCUPANCY: BAS SHALL DETERMINE THE OCCUPANCY PERIODS
(OCCUPIED, UNOCCUPIED, PREOCCUPANCY, AND SETBACK) AS DEFINED ABOVE. THE
FOLLOWING DETAILS THE COMMON CONTROL ASPECTS RELATED TO THE
SCHEDULED OCCUPANCY.

1.

a)

b)

d)

OccUPIED PERIOD: BAS SHALL ENERGIZE THE AH DURING ALL OCCUPIED
PERIODS. NOTE THAT THE BEGINNING OF THE OCCUPANCY PERIOD SHALL BE
SET SUFFICIENTLY BEFORE THE ACTUAL START OF OCCUPANCY TO OBTAIN THE
REQUIRED BUILDING COMPONENT OF VENTILATION PER ASHREA 62.
MINIMUM OA FLOW SETPOINT SHALL BE AS SCHEDULED ON THE DRAWINGS.
“NORMAL” SETPOINTS SHALL APPLY.

UNOCCUPIED PERIOD: MINIMUM OA FLOW SHALL BE 0 CFM OR THE MINIMUM
OA DAMPER POSITION SHALL BE 0%. IF DURING THE UNOCCUPIED PERIOD
THERE IS A REQUEST FOR OCCUPANCY OVERRIDE, THE OCCUPANCY MODE
SHALL BECOME ACTIVE FOR AN ADJUSTABLE PERIOD. THE UNOCCUPIED
PERIOD AND THE PREOCCUPANCY PERIOD WILL TYPICALLY OVERLAP.

SETBACK PERIOD: THE BAS SHALL DEENERGIZE THE UNIT EXCEPT AS
REQUIRED TO MAINTAIN A SETBACK TEMPERATURE AS INDICATED IN THE
INDIVIDUAL SEQUENCES WITH A 5°F CYCLE DIFFERENTIAL. GENERALLY,
WHERE SETBACK TEMPERATURES APPLY IN MULTIPLE ZONES, THE WORST ZONE
SHALL CONTROL THE SYSTEM. SETBACK SETPOINTS GENERALLY APPLY
EXCEPT DURING PREOCCUPANCY [AND NIGHT PURGE]. IF DURING THE
UNOCCUPIED PERIOD THERE IS A REQUEST FOR OCCUPANCY OVERRIDE, THE
OCCUPANCY MODE SHALL BECOME ACTIVE FOR AN ADJUSTABLE PERIOD.

PREOCCUPANCY: BAS SHALL ENERGIZE THE AH CONTINUOUSLY DURING THE
PREOCCUPANCY PERIOD. MINIMUM OA FLOW SHALL BE 0 CFM OR THE
MINIMUM OA DAMPER POSITION SHALL BE 0%. “NORMAL” SETPOINTS SHALL
APPLY. PREOCCUPANCY DURATION SHALL BE ONE OF THE FOLLOWING AS
SPECIFIED BY REFERENCE:

1) FIXED: THE DURATION OF THE PREOCCUPANCY PERIOD SHALL BE FIXED
AS SCHEDULED BY THE OPERATOR/

2) OPTIMUM: THE DURATION OF THE MORNING WARM-UP PERIOD SHALL
VARY ACCORDING TO OUTSIDE AIR TEMPERATURE AND SPACE
TEMPERATURE SUCH THAT THE SPACE TEMPERATURE RISES TO
OCCUPIED PERIOD HEATING SETPOINT AT THE BEGINNING OF, BUT NOT
BEFORE, THE SCHEDULED OCCUPIED PERIOD. THE DURATION OF THE
COOL-DOWN PERIOD SHALL VARY ACCORDING TO OUTSIDE AIR
TEMPERATURE AND SPACE TEMPERATURE SUCH THAT THE SPACE
TEMPERATURE FALLS TO THE OCCUPIED PERIOD COOLING SETPOINT AT
THE BEGINNING OF, BUT NOT BEFORE, THE SCHEDULED OCCUPIED
PERIOD
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NIGHT PURGE CYCLE: THE NIGHT PURGE CYCLE SHALL CONFIGURE THE AH FOR
100% FRESH AIR INTAKE OPERATION AND WILL BE ENABLED/DISABLED MANUALLY
VIA A GRAPHIC ICON. WHILE THE MODE IS ENABLED AND DURING THE UNOCCUPIED
PERIOD, BAS SHALL ENERGIZE THE UNIT (AND ASSOCIATED EXHAUST/RELIEF FANS)
WHEN THE OA TEMPERATURE FALLS TO 10°F BELOW SPACE TEMPERATURE AND
SPACE TEMPERATURE IS GREATER THAN THE OCCUPIED HEATING SETPOINT

AND outdoor air enthalpy is below 24 Btu/#. BAS SHALL DE-ENERGIZE AH WHEN
THE SPACE TEMPERATURE FALLS TO WITHIN 5°F OF OA TEMPERATURE OR THE
SPACE TEMPERATURE FALL(S) BELOW THE OCCUPIED HEATING SETPOINT

OR outdoor air enthalpy rises to 25 Btu/#.DURING THE NIGHT PURGE CYCLE ANY
APPLICABLE TERMINAL UNITS SHALL BE INDEXED TO THEIR NORMAL SETPOINTS.

MINIMUM OA CONTROL: BAS SHALL MAINTAIN MINIMUM VENTILATION DURING
THE OCCUPIED PERIOD. THE FOLLOWING STRATEGIES MAY APPLY:

a) BALANCED POSITION: DURING THE OCCUPIED PERIOD, APPLICABLE MIXING
AND OA DAMPERS SHALL NEVER BE POSITIONED LESS THAN THE POSITION SET
FOR THE REQUIRED MINIMUM OA VENTILATION RATE. IF THE AIR HANDLER
HAS A SINGLE OA DAMPER THAT IS CAPABLE OF ECONOMIZER, THE MINIMUM
POSITION OUTPUT SHALL BE DETERMINED BY THE BALANCER. IF THE AH HAS A
TWO POSITION MINIMUM OA DAMPER, THAT POSITION SHALL BE FULLY OPEN
TO ITS BALANCED POSITION. THIS LOGIC STRATEGY IS ONLY APPLICABLE TO
CONSTANT VOLUME AHS.

b) RESET BALANCED POSITION: DURING THE OCCUPIED PERIOD, APPLICABLE
MIXING AND OA DAMPERS SHALL NEVER BE POSITIONED LESS THAN THE
MINIMUM POSITION. MINIMUM POSITION SHALL BE RESET BETWEEN LIMITS OF
A POSITION DELIVERING SYSTEM EXHAUST MAKE-UP AIR CFM AND THE DESIGN
MINIMUM POSITION DELIVERING DESIGN MINIMUM CFM TO MAINTAIN A CO2
SETPOINT OF 900 PPM (ADJ.). LOOP SHALL BE A “SAMPLE AND BUMP” OR
DYNAMIC PROPORTIONAL ONLY LOOP TUNED FOR THE SLOW RESPONSE. THE
BALANCER SHALL DETERMINE THE MINIMUM POSITION OUTPUTS AT BOTH
EXTREME POINTS. THIS LOGIC STRATEGY IS ONLY APPLICABLE TO CONSTANT
VOLUME AHS.

c) DAMPER CONTROLLED FIXED: DURING THE OCCUPIED PERIOD, APPLICABLE
MIXING DAMPERS SHALL BE MODULATED TO MAINTAIN AN OA FLOW RATE OF
NO LESS THAN THE MVVR AS DICTATED IN THE DESIGN AND REQUIRED BY
ASHRAE 62. SETPOINT FLOW RATES SHALL BE PROVIDED BY THE A/E. FLOW
RATE SHALL BE DETERMINED IN ANY OF THE FOLLOWING WAYS AS SPECIFIED
FOR THE PARTICULAR AH:

1) MEASURED DIRECTLY BY AN OA FLOW STATION

2) AS DETERMINED BY CO2 MIXING EQUATIONS USING THE SA, OA, AND
RA CO2 SENSORS

d) DAMPER CONTROLLED RESET: DURING THE OCCUPIED PERIOD, APPLICABLE
MIXING DAMPERS SHALL BE MODULATED TO MAINTAIN AN OA FLOW RATE
SETPOINT. SETPOINT SHALL BE RESET BETWEEN LIMITS OF SYSTEM EXHAUST
MAKE-UP AIR CFM AND THE DESIGN MINIMUM CFM TO MAINTAIN AN RA CO2
SETPOINT OF 900 PPM (ADJ.). LOOP SHALL BE A “SAMPLE AND BUMP” OR
DYNAMIC PROPORTIONAL ONLY LOOP TUNED FOR THE SLOW RESPONSE.
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SETPOINT FLOW RATES SHALL BE PROVIDED BY THE A/E. FLOW RATE SHALL
BE DETERMINED IN ANY OF THE FOLLOWING WAYS AS SPECIFIED FOR THE
PARTICULAR AH:

1) MEASURED DIRECTLY BY AN OA FLOW STATION

2) AS DETERMINED BY CO2 MIXING EQUATIONS USING THE SA, OA, RA,
AND/OR SPACE CO2 SENSORS

MIXED AIR TEMPERATURE CONTROL: MINIMUM POSITION OF THE OA DAMPER
SHALL BE SET TO OBTAIN THE DESIGN REQUIRED MINIMUM OA. THIS
BALANCED MINIMUM POSITION SHALL REMAIN FIXED. WHENEVER THE
MINIMUM LOOP IS ACTIVE BAS SHALL CONTROL THE DAMPERS TO MAINTAIN A
MIXED AIR TEMPERATURE SETPOINT WHICH WILL BE 2°F BELOW DISCHARGE
AIR TEMPERATURE COOLING SETPOINT (ADJ.).

VAV RETURN FAN CAPACITY CONTROL: BAS SHALL CONTROL THE OUTPUT OF THE
RETURN FAN AS FOLLOWS:

a)

b)

FLOW TRACKING: THE RETURN AIR FAN SHALL RUN TO MAINTAIN A RETURN
FLOW SETPOINT OF THE SUPPLY FLOW MINUS AN OFFSET VALUE. THE OFFSET
VALUE SHALL BE DETERMINED AS FOLLOWS:

1)  FIXED DIFFERENTIAL: IT SHALL BE FIXED AT THE DESIGN MINIMUM OA
VALUE. | ®

2) DIFFERENTIAL RESET FROM RA CO2: IT SHALL BE RESET BETWEEN
LIMITS OF SYSTEM EXHAUST MAKE-UP AIR CFM AND THE DESIGN
MINIMUM CFM TO MAINTAIN AN RA CO2 SETPOINT OF 900 PPM (ADJ.).
LOOP SHALL BE A “SAMPLE AND BUMP” OR DYNAMIC PROPORTIONAL
ONLY LOOP TUNED FOR THE SLOW RESPONSE. SETPOINT FLOW RATES
SHALL BE PROVIDED BY THE A/E] ®

3) DIFFERENTIAL RESET FROM MEASURED OA TO MAINTAIN FIXED OA: IT
SHALL BE RESET TO MAINTAIN THE MEASURED MINIMUM OA FLOW AT
THE DESIGN VALUE ANY TIME THE ECONOMIZER MODE IS INACTIVE.
WHENEVER IT IS INACTIVE, IT SHALL BE SET TO THE VALUE THAT
EXISTED WHEN THE UNIT BECAME ACTIVE.] ®

4) DIFFERENTIAL RESET FROM MEASURED OA TO MAINTAIN RESET OA
WHEN THE ECONOMIZER MODE IS INACTIVE, IT SHALL BE RESET TO
MAINTAIN THE MEASURED OA FLOW SETPOINT. THE OA SETPOINT
SHALL BE RESET BETWEEN LIMITS OF SYSTEM EXHAUST MAKE-UP AIR
CFM AND THE DESIGN MINIMUM CFM TO MAINTAIN A CO2 SETPOINT OF
900 PPM (ADJ.). LOOP SHALL BE A “SAMPLE AND BUMP” OR DYNAMIC
PROPORTIONAL ONLY LOOP TUNED FOR THE SLOW RESPONSE. SETPOINT
FLOW RATES SHALL BE PROVIDED BY THE A/E. WHENEVER THE
ECONOMIZER IS ACTIVE, IT SHALL BE SET TO THE VALUE THAT EXISTED
WHEN THE UNIT BECAME ACTIVE.

RESCALED OUTPUT CAPACITY CONTROL: THE OUTPUT FOR THE RETURN FAN
CAPACITY CONTROL SHALL BE RESCALED FROM THE OUTPUT OF THE TO THE
SUPPLY DEVICE SUCH THAT THE DESIGN MINIMUM OA TEMPERATURE IS
MAINTAINED AT BOTH MAXIMUM AND 50% FLOW CONDITIONS. THE
BALANCING CONTRACTOR SHALL DETERMINE THE COORDINATED OUTPUT.
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AIRSIDE ECONOMIZER: BAS SHALL MODULATE THE MIXING DAMPERS TO PROVIDE
“FREE COOLING” WHEN CONDITIONS MERIT. THE FREE COOLING SHALL GENERALLY
BE STAGED BEFORE ANY MECHANICAL COOLING. WHILE CONDITIONS MERIT,
DAMPERS SHALL BE MODULATED IN A DA PID LOOP TO MAINTAIN MIXED AIR
TEMPERATURE AT A SETPOINT AS SPECIFIED FOR THE INDIVIDUAL UNIT.
ECONOMIZER LOGIC SHALL REMAIN ENABLED DURING SETBACK COOLING WHERE
APPLICABLE. ONE OF THE FOLLOWING STRATEGIES SHALL BE USED TO ENABLE THE
ECONOMIZER MODE:

a) DRY BuLB COMPARISON: ECONOMIZER MODE SHALL BE ACTIVE WHILE THE
UNIT IS ENERGIZED AND WHEN OA ENTHALPY FALL BELOW 28 BTU/# AND
OUTSIDE AIR TEMPERATURE FALLS BELOW RETURN AIR TEMPERATURE (WITH
2°F CYCLE DIFFERENTIAL). ECONOMIZER MODE SHALL BE INACTIVE WHEN OA
ENTHALPY RISES ABOVE 29 BTU/# OROUTSIDE AIR TEMPERATURE RISES ABOVE
RETURN AIR TEMPERATURE (WITH 2°F CYCLE DIFFERENTIAL), DAMPERS SHALL
RETURN TO THEIR SCHEDULED MINIMUM POSITIONS AS SPECIFIED ABOVE.
ECONOMIZER SHALL REMAIN ENABLED DURING SETBACK COOLING.

b) DRY BULB SWITCH: ECONOMIZER MODE SHALL BE ACTIVE WHILE THE UNIT IS
ENERGIZED AND WHEN OA ENTHALPY FALL BELOW 28 BTU/# AND OUTSIDE
AIR TEMPERATURE FALLS BELOW THE SWITCHING SETPOINT OF 70°F (ADJ.)
(WITH 5°F CYCLE DIFFERENTIAL). ECONOMIZER MODE SHALL BE INACTIVE
WHEN OA ENTHALPY RISES ABOVE 29 BTU/# OR OUTSIDE AIR TEMPERATURE
RISES ABOVE SWITCHING SETPOINT, DAMPERS SHALL RETURN TO THEIR
SCHEDULED MINIMUM POSITIONS AS SPECIFIED ABOVE.

c) ENTHALPY COMPARISON: ECONOMIZER MODE SHALL BE ACTIVE WHILE THE
UNIT IS ENERGIZED AND WHEN OUTSIDE AIR ENTHALPY FALLS BELOW RETURN
AIR ENTHALPY (WITH 2BTU/# CYCLE DIFFERENTIAL). ECONOMIZER MODE
SHALL BE INACTIVE WHEN OUTSIDE AIR ENTHALPY RISES ABOVE RETURN AIR
ENTHALPY, DAMPERS SHALL RETURN TO THEIR SCHEDULED MINIMUM
POSITIONS AS SPECIFIED ABOVE.

SEQUENCED HEATING AND COOLING: BAS SHALL CONTROL THE HEATING AND
COOLING COILS AND AIR SIDE ECONOMIZER AS DETAILED FOR THE PARTICULAR AH.
PROGRAM LOGIC SHALL DIRECTLY PROHIBIT THE HEATING AND COOLING VALVES
AS WELL AS THE HEATING VALVE AND ECONOMIZER DAMPER TO BE OPEN (OR
ABOVE MINIMUM) SIMULTANEQUSLY. THIS DOES NOT APPLY TO COOLING AND
REHEAT VALVES THAT ARE USED SIMULTANEOUSLY FOR DEHUMIDIFICATION.

MIXED AIR Low LIMIT OVERRIDE: BAS SHALL OVERRIDE THE SIGNAL TO THE OA
DAMPER VIA A PROPORTIONAL ONLY LOOP TO MAINTAIN A MINIMUM MIXED AIR
TEMPERATURE OF 45°F (ADJ.) (LOOP SHALL OUTPUT 0% AT 45°F WHICH SHALL BE
PASSED TO THE OUTPUT VIA A LOW SELECTOR).

FREEZE SAFETY: UPON OPERATION OF A FREEZESTAT THE FOLLOWING SEQUENCE

SHALL OCCUR:

a) THE UNIT FANS SHALL BE DEENERGIZED. TYPICALLY SUPPLY AND RETURN
FANS WHERE APPLICABLE SHALL BE DEENERGIZED VIA A HARDWIRED
INTERLOCK[, AND AN INDICATION OF THE OPERATION SHALL BE DISPLAYED BY
THE BAS.
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b) ALL HOT WATER VALVES AND CHILLED WATER VALVES WILL BE COMMANDED
TO 100% OPEN.

C) ALLHOTWATER COIL PUMPS AND CHILLED WATER COIL PUMPS WILL BE
COMMANDED TO RUN.

d) OUTSIDE AIR DAMPERS SHALL FULLY CLOSE AND RETURN AIR DAMPERS SHALL
FULLY OPEN.

e) BASSHALL ENUNCIATE APPROPRIATE ALARM AND REMOVE AND LOCK OUT
THE START COMMAND], [WHICH SHALL INITIATE "FAN FAILURE" ALARMS].

SMOKE SAFETY: UPON INDICATION OF SMOKE BY A SMOKE DETECTOR, FAC SHALL
DEENERGIZE THE AH. SMOKE DETECTOR SHALL NOTIFY THE FIRE ALARM SYSTEM
AND BAS, SHUT DOWN THE FANS, AND CLOSE THE SMOKE DAMPERS VIA HARD-
WIRED INTERLOCK.

HIGH OR LOW PRESSURE SAFETY: UPON ACTIVATION OF A HIGH OR LOW PRESSURE
SAFETY SWITCH, AH SHALL BE DEENERGIZED, FANS SHALL BE DEENERGIZED VIA A
HARD WIRED INTERLOCK][, AND AN INDICATION OF THE OPERATION SHALL BE
SENSED BY THE BAS. BAS SHALL ENUNCIATE APPROPRIATE ALARM AND REMOVE
AND LOCK OUT THE START COMMAND], [WHICH SHALL INITIATE "FAN FAILURE"
ALARMS].

VIBRATION SAFETY (APPLICABLE TO UNITS >50,000 CFM): UPON ACTIVATION OF A
VIBRATION SAFETY SWITCH, RESPECTIVE FAN SHALL BE DEENERGIZED, FAN SHALL
BE DEENERGIZED VIA A HARD WIRED INTERLOCK AND AN INDICATION OF THE
OPERATION SHALL BE SENSED BY THE BAS]. BAS SHALL ENUNCIATE APPROPRIATE
ALARM AND REMOVE AND LOCK OUT THE START COMMAND.

THE DETAILED “LOGIC STRATEGIES” ABOVE SHALL BE REQUIRED BY REFERENCE TO
THEM IN EACH OF THE INDIVIDUAL SEQUENCES SPECIFIED ELSEWHERE.

3.04 AIR HANDLING UNIT DIAGNOSTICS - GENERAL

A

DIAGNOSTIC STRATEGIES: IN ADDITION TO THE STANDARD ALARM LIMITS SPECIFIED FOR
ALL SENSED VARIABLES THE BAS MONITOR AND DIAGNOSE ANOMALIES IN THE
OPERATION OF THE AIR HANDLERS. THE FOLLOWING “DIAGNOSTIC STRATEGIES” SHALL
BE INCLUDED BY REFERENCE WITH EACH AIR HANDLER WITH ANY SPECIFIC
CLARIFICATIONS REQUIRED:.

1.

RUN TIME LIMIT: BAS SHALL ACCUMULATE THE RUNTIME OF THE STATUS OF
ASSOCIATED ROTATING EQUIPMENT AND ENUNCIATE A LEVEL 5 ALARM TO
INDICATE THAT THE UNIT IS IN NEED OF SERVICE.

FILTER MONITORING: BAS SHALL MONITOR THE DIFFERENTIAL PRESSURE
TRANSMITTER ACROSS THE FILTER BANK(S). A LEVEL 5 ALARM SHALL BE
REPORTED WHEN PRESSURE DROP EXCEEDS THE TRANSMITTER’S SETTING.

START MONITORING: BAS SHALL ACCUMULATE THE STARTS OF CYCLING
EQUIPMENT. BAS SHALL FURTHER ENUNCIATE A LEVEL 5 ALARM WHEN THE
NUMBER OF STARTS EXCEEDS THE SPECIFIED VALUE WITHIN THE SPECIFIED TIME
PERIOD. (IE: MORE THAN 3 STARTS IN A 30 MIN PERIOD)
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3.05 AIR HANDLER MONITORING AND MANAGEMENT

A

GENERAL: THE BAS SHALL MONITOR VARIOUS ASPECTS OF THE AIR HANDLING SYSTEMS
AND CALCULATE PARAMETERS AS SPECIFIED BELOW TO FACILITATE OPERATIONS AND
MANAGEMENT.

1. TRENDING: THE BAS SHALL CONTINUOUSLY MONITOR, CALCULATE AND DISPLAY
THE FOLLOWING PARAMETERS AT THE INTERVALS INDICATED. THESE VALUES
SHALL BE STORED INITIALLY IN THE BUFFER OF THE CONTROLLING CONTROL UNIT,
AND THEN BE UPLOADED PERIODICALLY AND STORED ON A SPECIFIED HARD DISC.

2. PARAMETERS TO BE TRENDED:
a) ALL TEMPERATURE SENSORS AT 1 HOUR INTERVALS
b) ALL RELATIVE HUMIDITY SENSORS AT 1 HOUR INTERVALS
C) ALL PRESSURE SENSORS AT 1 HOUR INTERVALS
d) ALLRUN REQUESTS AND STATUSES ON A CHANGE IN VALUE
e) ALL ANALOG LOOP OUTPUTS ON 1 HOUR INTERVALS
f) CALCULATED ENTHALPIES IN-2 HOUR INTERVALS
g) SUMMED COOLING AND HEATING REQUESTS ON 2 HOUR INTERVALS

306 GLYCOLHEAT RECOVERY RUN AROUND LOOP

A

GENERAL: BAS SHALL CONTROL THE GLYCOL HEAT RECOVERY SYSTEM AND EQUIPMENT
AND PROVIDE MONITORING AND DIAGNOSTIC INFORMATION FOR MANAGEMENT
PURPOSES.

a) SYSTEM ENABLE: SYSTEM SHALL BE ENABLED WHENEVER THE FOLLOWING
CRITERIA ARE MET:

1) SYSTEM MANUALLY ENABLED BY THE OPERATOR AT THE OPERATOR
INTERFACE, AND

2) AIR SYSTEMS SERVED BE RECOVERY SYSTEM ARE OPERATIONAL, AND

3) THE CRITERIA FOR EFFICIENT OPERATION OF THE SYSTEM AS WRITTEN
BELOW ARE MET.

b) SYSTEM DISABLE: SYSTEM SHALL BE DISABLED WHENEVER ANY OF THE
FOLLOWING OCCURS:

1) SYSTEM MANUALLY DISABLED BY THE OPERATOR AT THE OPERATOR
INTERFACE, OR

2) AIR SYSTEMS SERVED BY THE RECOVERY SYSTEM ARE OFF, OR

3) THE CRITERION FOR EFFICIENT OPERATION OF THE SYSTEM AS WRITTEN
BELOW IS NOT MET.

ENABLE CRITERIA:

1.  OUTSIDE AIR TEMPERATURE MUST BE LOWER THAN THE EXHAUST AIR
TEMPERATURE ENTERING THE HEAT RECOVERY COIL. .
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OUTSIDE AIR TEMPERATURE MUST BE HIGHER THAN THE LOWER LIMIT
TEMPERATURE OF THE GLYCOL SYSTEM.

CIRCULATING PumMmP CONTROL

1.

WHENEVER THE SYSTEM IS ENABLED, CIRCULATING PUMP SHALL RUN
CONTINUOQOUSLY. .

BAS SHALL PROVE OPERATION OF THE PUMP. UPON FAILURE OF A PUMP, AN ALARM
SHALL BE ENUNCIATED.

BAS SHALL MONITOR PUMP STATUS AND ACCUMULATE RUNTIME OF THE PUMP.

3.07 STEAM TO HW CONVERTERS WITH VV PUMPS

A

B.

GENERAL: BAS SHALL CONTROL THE HOT WATER SYSTEMS AND EQUIPMENT AND
PROVIDE MONITORING AND DIAGNOSTIC INFORMATION FOR MANAGEMENT PURPOSES.

HEATING ENABLE: HEATING SHALL BE ENABLED WHEN:

1.

ANY HOT WATER VALVE OPENS TO MORE THAN 50% CONTINUOUSLY FOR 10 MIN.
(ADJ.).

OR, THE OUTSIDE AIR TEMPERATURE IS BELOW 55°F

OR, WHENEVER MANUALLY ENABLED BY THE OPERATOR AT THE OPERATOR
INTERFACE. ONCE ENABLED, THE HEATING WATER SYSTEM SHALL RUN FOR A
MINIMUM OF 1 HOUR.

HW PumP CONTROL:

1.

WHENEVER THE SYSTEM IS ENABLED, A MINIMUM OF ONE HEATING WATER PUMP
SHALL RUN CONTINUOQUSLY.

BAS SHALL USE A PID LOOP TO MAINTAIN THE DIFFERENTIAL PRESSURE SETPOINT
ACROSS THE REMOTE DIFFERENTIAL PRESSURE SENSOR. THE DIFFERENTIAL
PRESSURE SETPOINT SHALL INITIALLY BE SET AT 15 PSI (ADJ. AS DETERMINED BY
THE BALANCE CONTRACTOR).

THE OUTPUT OF THIS LOOP SHALL CONTROL THE STARTING, STOPPING, AND SPEED
OF THE PUMPS AS FOLLOWS:

a) ONAPID OUTPUT OF GREATER THAN 95% FOR 5 MIN (ADJ.), THE BAS SHALL
START AN ADDITIONAL PUMP. THE NEW PUMP SHALL RAMP TO SPEED PER
ADJUSTABLE ACCELERATION RATES.

b) IF MORE THAT ONE PUMP IS RUNNING, ON A PID OUTPUT OF LESS THAN 40%
FOR 5 MIN (ADJ.), THE BAS SHALL STOP A PUMP.

THE OUTPUT OF THE PID LOOP SHALL CONTROL THE VSD’S OF ALL OPERATING
PUMPS AT THE SAME SPEED.

BAS SHALL PROVE OPERATION OF EACH PUMP INDIVIDUALLY. UPON FAILURE OF A
PUMP, THE STANDBY SHALL BE STARTED (IF NOT ALREADY RUNNING) AND AN
ALARM SHALL BE ENUNCIATED.

BAS SHALL MONITOR PUMP STATUS AND ACCUMULATE RUNTIME OF THE PUMPS.
THE BAS SHALL ROTATE THE LEAD AND LAG PUMPS AS FOLLOWS:

a) WHENEVER A PUMP IS STARTED, THE BAS SHALL START THE PUMP WITH THE
LEAST RUNTIME.
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7. WHENEVER A PUMP IS STOPPED, THE BAS SHALL STOP THE PUMP WITH THE HIGHEST
RUNTIME.

HEATING WATER TEMPERATURE CONTROL: BAS SHALL RESET THE HOT WATER SUPPLY

TEMPERATURE SETPOINT VIA LINEAR RESET FROM 180°F (ADJ.) TO 110°F (ADJ.) AS THE

OA TEMPERATURE RISES FROM 20°F (ADJ.) TO 60°F (ADJ.)

1. THEBAS SHALL MODULATE THE 1/3 [AND 2/3 STEAM] VALVES TO THE HEAT
EXCHANGER IN SEQUENCE VIA A PID LOOP TO MAINTAIN THE HW SUPPLY
TEMPERATURE SETPOINT.

2. THE VALVES SHALL REMAIN CLOSED UNTIL PUMP STATUS IS PROVEN.

3. STEAM SUPPLY PRESSURE TO THE HEAT EXCHANGER SHALL BE MONITORED BY THE
BAS AND ENUNCIATE AN ALARM IF IT FALLS BELOW 5 PSI (ADJ.)

3.08  CENTRALPLANT MONITORING AND MANAGEMENT

A

GENERAL: THE BAS SHALL MONITOR VARIOUS ASPECTS OF THE HEATING AND COOLING
SYSTEMS AND CALCULATE PARAMETERS AS SPECIFIED BELOW TO FACILITATE PLANT
OPERATIONS AND MANAGEMENT.

TRENDING: THE BAS SHALL CONTINUOUSLY MONITOR, CALCULATE AND DISPLAY THE
FOLLOWING PARAMETERS AT THE INTERVALS INDICATED. THESE VALUES SHALL BE
STORED INITIALLY IN THE BUFFER OF THE CONTROLLING CONTROL UNIT, AND THEN BE
UPLOADED PERIODICALLY AND STORED ON A SPECIFIED HARD DISC. CONTRACTOR
SHALL FORMAT REPORTS FROM THIS DATA TO SUPPORT ONE OF THE FOLLOWING DATA
FORMATS:

1.  QUOTE (TEXT STRINGS) AND COMMA DELIMITED
2. MICROSOFT EXCEL
PARAMETERS TO BE TRENDED:

1. LOAD ON THE SECONDARY SYSTEMS IN MBH PER THE FOLLOWING EQUATION:
(RETURN TEMP-SUPPLY TEMP) * (GPM) / .5. THIS SHOWS COOLING AS A POSITIVE
HEAT LOAD AND HEATING AS A NEGATIVE HEAT LOAD. NOTE THAT MULTIPLIERS ON
THIS VALUE TO ACCOMMODATE THE BAS PROCESSORS ARE ACCEPTABLE AS LONG
AS THEY ARE CLEARLY INDICATED. THIS VALUE SHALL BE TRENDED AND STORED
EVERY TWO HOURS.

ALL TEMPERATURE SENSORS AT 1 HOUR INTERVALS.

ALL RELATIVE HUMIDITY SENSORS AT 1 HOUR INTERVALS.

ALL PRESSURE SENSORS AT 1 HOUR INTERVALS.

ALL RUN REQUESTS AND STATUSES ON A CHANGE IN VALUE.

ALL ANALOG LOOP OUTPUTS ON 1 HOUR INTERVALS.

CALCULATED ENTHALPIES IN 2 HOUR INTERVALS.

SUMMED COOLING AND HEATING REQUESTS ON 2 HOUR INTERVALS.

O N U R N
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M15957 - BAS SYSTEM COMMISSIONING

Part I.

GENERAL

1.01 SECTION INCLUDES

mmoow>»

BAS AND EQUIPMENT TESTING AND START-UP

VALIDATION OF PROPER AND THOROUGH INSTALLATION OF BAS AND EQUIPMENT
FUNCTIONAL TESTING OF CONTROL SYSTEMS

DOCUMENTATION OF TESTS, PROCEDURES, AND INSTALLATIONS

COORDINATION OF BAS TRAINING

DOCUMENTATION OF BAS OPERATION AND MAINTENANCE MATERIALS

1.02 RELATED SECTIONS:

A.

OZZIrAS~"IOMMUOW®

DRAWINGS AND GENERAL PROVISIONS OF CONTRACT, INCLUDING GENERAL AND
SUPPLEMENTARY CONDITIONS AND DIVISION-1 SPECIFICATION SECTIONS, APPLY TO
WORK OF THIS SECTION.

SECTION 15950 — BAS GENERAL REQUIREMENTS

SECTION 23 0900 - BAS GENERAL REQUIREMENTS

SECTION 15951 - BAS BASIC MATERIALS, INTERFACE DEVICES AND SENSORS
SECTION 23 0913 — BAS BASIC MATERIALS, INTERFACE DEVICES, AND SENSORS
SECTION 15952 - BAS OPERATOR INTERFACES

SECTION 23 0902 - BAS OPERATOR INTERFACES

SECTION 15953 - BAS FIELD PANELS

SECTION 23 0903 - BAS FIELD PANELS

SECTION 15954 - BAS COMMUNICATION DEVICES

SECTION 23 0904 - BAS COMMUNICATION DEVICES

SECTION 15955 - BAS SOFTWARE AND PROGRAMMING

SECTION 23 0905 - BAS SOFTWARE AND PROGRAMMING

SECTION 15958 - SEQUENCE OF OPERATION

SECTION 23 0993 - SEQUENCES OF OPERATION

1.03 GENERAL DESCRIPTION

A

THIS SECTION DEFINES RESPONSIBILITIES OF THE CONTROLS CONTRACTOR TO
COMMISSION THE BAS.

EDIT THIS TO CLARIFY WHETHER THERE IS A FORMAL CX PROCESS AND INDICATE
RESPONSIBILITIES.
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1.04

1.05

B. [THE GOVERNMENT, AT GOVERNMENT’S EXPENSE, SHALL RETAIN A COMMISSIONING
AUTHORITY (CA) WHO SHALL WORK WITH THE CONTRACTOR TO ENSURE THAT THE
SYSTEMS, EQUIPMENT, AND INTERFACES ARE INSTALLED, TESTED, AND OPERATE PER THE
DESIGN INTENT; THAT THE SYSTEMS ARE ADEQUATELY DOCUMENTED; AND THAT THE
GOVERNMENT IS ADEQUATELY TRAINED ON SYSTEM INTENT, OPERATION, AND
MAINTENANCE.]REFER TO SECTION 01800 FOR AN OVERVIEW OF THE COMMISSIONING
PROCESS, ENTITIES INVOLVED IN THE PROCESS, TRAINING REQUIREMENTS, START-UP
REQUIREMENTS, AND REQUIREMENTS FOR FUNCTIONAL PERFORMANCE TESTING.

THE FOLLOWING IS WRITTEN BASED ON THE USE OF A SEPARATE COMMISSIONING AUTHORITY
(CA). IF THAT IS NOT THE CASE ON THE PROJECT, THE CONTRACTOR MUST STILL START UP AND
COMMISSION THE BAS. THEREFORE EDIT THE RESPONSIBILITIES AS APPROPRIATE FOR THE
PROJECT COMMISSIONING REQUIREMENTS.

CONTRACTOR RESPONSIBILITIES

A. COMPLETELY INSTALL AND THOROUGHLY INSPECT, STARTUP, TEST, ADJUST, BALANCE,
AND DOCUMENT ALL SYSTEMS AND EQUIPMENT.
B. [AssIST COMMISSIONING AUTHORITY IN] PERFORM VERIFICATION AND PERFORMANCE

TESTING. THIS WILL GENERALLY INCLUDE THE FOLLOWING:

1. [ATTEND COMMISSIONING (CX) PROGRESS AND COORDINATION MEETINGS.]
[PREPARE AND SUBMIT REQUIRED DRAFT FORMS AND SYSTEMS INFORMATION.]
ESTABLISH TREND LOGS OF SYSTEM OPERATION AS SPECIFIED HEREIN.
DEMONSTRATE SYSTEM OPERATION.

MANIPULATE SYSTEMS AND EQUIPMENT TO FACILITATE TESTING.

PROVIDE INSTRUMENTATION NECESSARY FOR VERIFICATION AND PERFORMANCE
TESTING.

7.  MANIPULATE CONTROL SYSTEMS TO FACILITATE VERIFICATION AND PERFORMANCE
TESTING.

8.  TRAIN UNIVERSITY’S REPRESENTATIVES AS SPECIFIED IN PART Il OF THIS SECTION.

o gk~ wbd

THE FOLLOWING TWO ITEMS ONLY APPLY TO FORMAL COMMISSIONING PROCESSES. EDIT AS
APPLICABLE.

C. PROVIDE A BAS TECHNICIAN TO WORK AT THE DIRECTION OF COMMISSIONING
AUTHORITY FOR SOFTWARE OPTIMIZATION ASSISTANCE FOR A MINIMUM OF [80] HOURS
FOR SCOPE 1 AND [40] HOURS FOR SCOPE 2. REFER TO PART 3 FOR A DESCRIPTION OF
THE SOFTWARE OPTIMIZATION.

EDIT THE FOLLOWING TO SUIT THE PROGRAM AND APPLICATION.

SUBMITTALS

A. SUBMIT THE FOLLOWING QUALITY ASSURANCE / QUALITY CONTROL DOCUMENTATION
DIRECTLY TO UCB [AND THE CA]:
1. QUALITY ASSURANCE PLAN

a) CONTRACTOR MUST PROVIDE A DESCRIPTION OF THEIR QUALITY ASSURANCE
OPERATIONS FOR THE COMMISSIONING PHASE OF THIS PROJECT. THE
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DESCRIPTION SHALL INCLUDE PROTOCOLS FOR EACH STEP OF COMMISSIONING
LISTED WITHIN THIS SECTION INCLUDING TESTING, REPORTING, COORDINATION
WITH THE CA AND REMEDIATION OF ALL ACTION ITEMS.

B. SUBMIT THE FOLLOWING ITEMS DIRECTLY TO THE [CA] [GC]:
1. BAS START-UP REPORT (REFERENCE DIV. 1 AND SECTION 3.01 BELOW): SUBMIT
FOUR (4) COPIES PRIOR TO SCHEDULING OF FUNCTIONAL PERFORMANCE TESTING.
2. BAS TRAINING PLAN (DEFINED BELOW): SUBMIT PRIOR TO SCHEDULING BAS
DEMONSTRATION.
3. TREND AND ALARM LOGS AS REQUIRED DURING THE ACCEPTANCE PERIOD AND
WARRANTY PERIOD.

Part 11. PART 2 - PRODUCTS

201 INSTRUMENTATION

A. INSTRUMENTATION REQUIRED TO VERIFY READINGS AND TEST THE SYSTEM AND
EQUIPMENT PERFORMANCE SHALL BE PROVIDED BY CONTRACTOR [AND MADE
AVAILABLE TO COMMISSIONING AUTHORITY]. GENERALLY, NO TESTING EQUIPMENT
WILL BE REQUIRED BEYOND THAT REQUIRED TO PERFORM CONTRACTORS WORK UNDER
THESE CONTRACT DOCUMENTS. ALL EQUIPMENT USED FOR TESTING AND CALIBRATION
SHALL BE NIST/NBS TRACEABLE AND CALIBRATED WITHIN THE PRECEDING 12-MONTH
PERIOD. CERTIFICATES OF CALIBRATION SHALL BE MADE AVAILABLE WHEN REQUESTED.
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PART 3 - EXECUTION

EDIT THE FOLLOWING TO SUIT THE APPLICATION.

3.01 BAS START-UP TESTING, ADJUSTING, CALIBRATION

A

WORK AND/OR SYSTEMS INSTALLED UNDER THIS DIVISION SHALL BE FULLY
FUNCTIONING PRIOR TO DEMONSTRATION AND ACCEPTANCE PHASE. CONTRACTOR
SHALL START, TEST, ADJUST, AND CALIBRATE ALL WORK AND/OR SYSTEMS UNDER THIS
CONTRACT, AS DESCRIBED BELOW:

1.

INSPECT THE INSTALLATION OF ALL DEVICES. REVIEW THE MANUFACTURER’S
INSTALLATION INSTRUCTIONS AND VALIDATE THAT THE DEVICE IS INSTALLED IN
ACCORDANCE WITH THEM.

VERIFY PROPER ELECTRICAL VOLTAGES AND AMPERAGES, AND VERIFY THAT ALL
CIRCUITS ARE FREE FROM FAULTS.

VERIFY INTEGRITY/SAFETY OF ALL ELECTRICAL CONNECTIONS.

[FOR THE FOLLOWING CONTROL SETTINGS, INITIALLY USE THE CONTROL SETTING
THAT WAS USED BY EXISTING CONTROL SYSTEM, UNLESS OTHERWISE INDICATED.
FOR AHUS THAT USE A THROTTLED OUTSIDE AIR DAMPER POSITION WHEN
MINIMUM OUTSIDE AIR IS REQUIRED, CONTRACTOR SHALL MARK EXISTING
MINIMUM OUTSIDE AIR DAMPER POSITION TO ALLOW REPLICATION BY NEW
CONTRCOORDINATE WITH TAB SUBCONTRACTOR TO OBTAIN [AND CA TO FINE-
TUNE] CONTROL SETTINGS THAT ARE DETERMINED FROM BALANCING PROCEDURES.
RECORD THE FOLLOWING CONTROL SETTINGS AS OBTAINED FROM TAB
CONTRACTOR, AND NOTE ANY TAB DEFICIENCIES IN THE BAS START-UP REPORT:

a) OPTIMUM DUCT STATIC PRESSURE SETPOINTS FOR VAV AIR HANDLING UNITS.
b) MINIMUM OUTSIDE AIR DAMPER SETTINGS FOR AIR HANDLING UNITS.

c) OPTIMUM DIFFERENTIAL PRESSURE SETPOINTS FOR VARIABLE SPEED PUMPING
SYSTEMS.

d) CALIBRATION PARAMETERS FOR FLOW CONTROL DEVICES SUCH AS VAV
BOXES AND FLOW MEASURING STATIONS.

1) BAS CONTRACTOR SHALL PROVIDE PORTABLE DEVICE AS A MINIMUM TO
THE TAB [AND CA] TO FACILITATE CALIBRATION. CONNECTION FOR
ANY GIVEN DEVICE SHALL BE LOCAL TO IT (I.E. AT THE VAV BOX,
WIRELESS, OR AT THE THERMOSTAT). PORTABLE OPERATOR’S TERMINAL
SHALL ALLOW QUERYING AND EDITING OF PARAMETERS REQUIRED FOR
PROPER CALIBRATION AND START-UP.

TEST, CALIBRATE, AND SET ALL DIGITAL AND ANALOG SENSING AND ACTUATING
DEVICES. CALIBRATE EACH INSTRUMENTATION DEVICE BY MAKING A COMPARISON
BETWEEN THE BAS DISPLAY AND THE READING AT THE DEVICE. RECORD THE
MEASURED VALUE AND DISPLAYED VALUE FOR EACH DEVICE IN THE BAS START Up
REPORT.

CHECK AND SET ZERO AND SPAN ADJUSTMENTS FOR ALL TRANSDUCERS AND
TRANSMITTERS. EXCESSIVE SIGNAL BUFFERING IS NOT ACCEPTABLE, SPAN
ADJUSTMENTS MUST BE WITHIN 2% OF THEIR RESPECTIVE END POINTS. (I.E. DO NOT
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CONTROL A 2-10vDC ACTUATOR WITH A 0-10vDC SIGNAL; WORST CASE SIGNAL
SHOULD BE 1.8-10.2vDC.)
FOR DAMPERS AND VALVES:
a) CHECK FOR ADEQUATE INSTALLATION INCLUDING FREE TRAVEL THROUGHOUT

RANGE AND ADEQUATE SEAL.

b) WHERE LOOPS ARE SEQUENCED, CHECK FOR PROPER CONTROL WITHOUT
OVERLAP.

FOR ACTUATORS:

a) CHECK TO INSURE THAT DEVICE SEALS TIGHTLY WHEN THE APPROPRIATE
SIGNAL IS APPLIED TO THE OPERATOR.

b) CHECK FOR APPROPRIATE FAIL POSITION, AND THAT THE STROKE AND RANGE
IS AS REQUIRED.

c) [FORPNEUMATIC OPERATORS, ADJUST THE OPERATOR SPRING COMPRESSION
AS REQUIRED TO ACHIEVE CLOSE-OFF. IFPOSITIONER OR VOLUME BOOSTER IS
INSTALLED ON THE OPERATOR, CALIBRATE PER MANUFACTURER’S PROCEDURE
TO ACHIEVE SPRING RANGE INDICATED. CHECK SPLIT-RANGE POSITIONERS TO
VERIFY PROPER OPERATION.]

d) FOR SEQUENCED ELECTRONIC ACTUATORS, CALIBRATE PER MANUFACTURER’S
INSTRUCTIONS TO REQUIRED RANGES.

CHECK EACH DIGITAL CONTROL POINT BY MAKING A COMPARISON BETWEEN THE
CONTROL COMMAND AT THE CU AND THE STATUS OF THE CONTROLLED DEVICE.
CHECK EACH DIGITAL INPUT POINT BY MAKING A COMPARISON OF THE STATE OF
THE SENSING DEVICE AND THE OPERATOR INTERFACE DISPLAY. RECORD THE
RESULTS FOR EACH DEVICE IN THE BAS START-UP REPORT.

FOR OUTPUTS TO RESET OTHER MANUFACTURER’S DEVICES (FOR EXAMPLE, VSDS)
AND FOR FEEDBACK FROM THEM, CALIBRATE RANGES TO ESTABLISH PROPER
PARAMETERS. COORDINATE WITH REPRESENTATIVE OF THE RESPECTIVE
MANUFACTURER AND OBTAIN THEIR APPROVAL OF THE INSTALLATION.

VERIFY PROPER SEQUENCES BY USING THE APPROVED CHECKLISTS TO RECORD
RESULTS AND SUBMIT WITH BAS START-UP REPORT. VERIFY PROPER SEQUENCE
AND OPERATION OF ALL SPECIFIED FUNCTIONS.

VERIFY THAT ALL SAFETY DEVICES TRIP AT APPROPRIATE CONDITIONS. ADJUST
SETPOINTS ACCORDINGLY.

EDIT TO SUIT PROJECT

13.

TUNE ALL CONTROL LOOPS TO OBTAIN THE FASTEST STABLE RESPONSE WITHOUT
HUNTING, OFFSET OR OVERSHOOT. RECORD TUNING PARAMETERS AND RESPONSE
TEST RESULTS FOR EACH CONTROL LOOP IN THE BAS START UP REPORT. EXCEPT
FROM A STARTUP, MAXIMUM ALLOWABLE VARIANCE FROM SET POINT FOR
CONTROLLED VARIABLES UNDER NORMAL LOAD FLUCTUATIONS SHALL BE AS
FOLLOWS. WITHIN 3 MINUTES OF ANY UPSET (FOR WHICH THE SYSTEM HAS THE
CAPABILITY TO RESPOND) IN THE CONTROL LOOP, TOLERANCES SHALL BE
MAINTAINED (EXCEPTIONS NOTED):

a) DUCT AIR TEMPERATURE: +1°F.
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i)
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SPACE TEMPERATURE: +2°F

CHILLED WATER: £1°F

HOT WATER TEMPERATURE: +3°F.

DUCT PRESSURE: + 0.25” W.G.

WATER PRESSURE: *1 PSID

DUCT OR SPACE HUMIDITY: 5%

AIR FLOW CONTROL: 5% OF SETPOINT VELOCITY.

SPACE PRESSURIZATION (ON ACTIVE CONTROL SYSTEMS): £0.05” WG WITH NO
DOOR OR WINDOW MOVEMENTS.

FOR INTERFACE AND DDC CONTROL PANELS:

a)

b)

9)

h)

)
K)

ENSURE DEVICES ARE PROPERLY INSTALLED WITH ADEQUATE CLEARANCE FOR
MAINTENANCE AND WITH CLEAR LABELS IN ACCORDANCE WITH THE RECORD
DRAWINGS.

ENSURE THAT TERMINATIONS ARE SAFE, SECURE AND LABELED IN
ACCORDANCE WITH THE RECORD DRAWINGS.

CHECK POWER SUPPLIES FOR PROPER VOLTAGE RANGES AND LOADING.

ENSURE THAT WIRING AND TUBING ARE RUN IN A NEAT AND WORKMAN-LIKE
MANNER, EITHER BOUND OR ENCLOSED IN TROUGH.

CHECK FOR ADEQUATE SIGNAL STRENGTH ON COMMUNICATION NETWORKS.

CHECK FOR STANDALONE PERFORMANCE OF CONTROLLERS BY
DISCONNECTING THE CONTROLLER FROM THE LAN. VERIFY THE EVENT IS
ANNUNCIATED AT OPERATOR INTERFACES. VERIFY THAT THE CONTROLLING
LAN RECONFIGURES AS SPECIFIED IN THE EVENT OF A LAN DISCONNECTION.

ENSURE THAT ALL OUTPUTS AND DEVICES FAIL TO THEIR PROPER
POSITIONS/STATES.

ENSURE THAT BUFFERED AND/OR VOLATILE INFORMATION IS HELD THROUGH
POWER OUTAGE.

WITH ALL SYSTEM AND COMMUNICATIONS OPERATING NORMALLY, SAMPLE
AND RECORD UPDATE/ANNUNCIATION TIMES FOR CRITICAL ALARMS FED FROM
THE PANEL TO THE OPERATOR INTERFACE.

CHECK FOR ADEQUATE GROUNDING OF ALL DDC PANELS AND DEVICES.

THOROUGHLY CLEAN INTERIOR AND EXTERIOR OF CONTROL PANEL PER
MANUFACTURER’S INSTRUCTIONS.

FOR OPERATOR INTERFACES:

a)

b)

VERIFY THAT ALL ELEMENTS ON THE GRAPHICS ARE FUNCTIONAL AND ARE
PROPERLY BOUND TO PHYSICAL DEVICES AND/OR VIRTUAL POINTS, AND THAT
HOT LINKS OR PAGE JUMPS ARE FUNCTIONAL AND LOGICAL.

OUTPUT ALL SPECIFIED BAS REPORTS FOR REVIEW AND APPROVAL.

VERIFY THAT THE ALARM PRINTING AND LOGGING IS FUNCTIONAL AND PER
REQUIREMENTS.
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d) VERIFY THAT TRENDS ARE ARCHIVING TO DISK AND PROVIDE A SAMPLE TO THE
[COMMISSIONING AUTHORITY AND] UNIVERSITY FOR REVIEW.

e) VERIFY THAT PAGING/DIAL-OUT ALARM ANNUNCIATION IS FUNCTIONAL.

f)  VERIFY THE FUNCTIONALITY OF REMOTE OPERATOR INTERFACES AND THAT A
ROBUST CONNECTION CAN BE ESTABLISHED CONSISTENTLY.

g) VERIFY THAT REQUIRED THIRD PARTY SOFTWARE APPLICATIONS REQUIRED
WITH THE BID ARE INSTALLED AND ARE FUNCTIONAL.

START-UP AND CHECK OUT CONTROL AIR COMPRESSORS, AIR DRYING, AND
FILTERING SYSTEMS IN ACCORDANCE WITH THE APPROPRIATE SECTION AND WITH
MANUFACTURER’S INSTRUCTIONS.

VERIFY PROPER INTERFACE WITH FIRE ALARM SYSTEM.

SUBMIT START-UP TEST REPORT: REPORT SHALL BE COMPLETED, SUBMITTED, AND
APPROVED PRIOR TO SUBSTANTIAL COMPLETION.

3.02 SENSOR CHECKOUT AND CALIBRATION

A

GENERAL CHECKOUT: VERIFY THAT ALL SENSOR LOCATIONS ARE APPROPRIATE AND
ARE AWAY FROM CAUSES OF ERRATIC OPERATION. VERIFY THAT SENSORS WITH
SHIELDED CABLE ARE GROUNDED ONLY AT ONE END. FOR SENSOR PAIRS THAT ARE USED
TO DETERMINE A TEMPERATURE OR PRESSURE DIFFERENCE, MAKE SURE THEY ARE
READING WITHIN 0.2°F OF EACH OTHER FOR TEMPERATURE AND WITHIN A TOLERANCE
EQUAL TO 2% OF THE READING OF EACH OTHER FOR PRESSURE. TOLERANCES FOR
CRITICAL APPLICATIONS MAY BE TIGHTER.

CALIBRATION: CALIBRATE ALL SENSORS USING ONE OF THE FOLLOWING PROCEDURES:

1.

SENSORS WITHOUT TRANSMITTERS - STANDARD APPLICATION: MAKE A READING
WITH A CALIBRATED TEST INSTRUMENT WITHIN 6 INCHES OF THE SITE SENSOR AT
VARIOUS POINTS ACROSS THE RANGE. VERIFY THAT THE SENSOR READING (VIA THE
PERMANENT THERMOSTAT, GAGE OR BAS) IS WITHIN THE TOLERANCES SPECIFIED
FOR THE SENSOR. IF NOT, ADJUST OFFSET AND RANGE, OR REPLACE SENSOR.
WHERE SENSORS ARE SUBJECT TO WIDE VARIATIONS IN THE SENSED VARIABLE,
CALIBRATE SENSOR WITHIN THE HIGHEST AND LOWEST 20% OF THE EXPECTED
RANGE.

SENSORS WITH TRANSMITTERS - STANDARD APPLICATION: DISCONNECT SENSOR.
CONNECT A SIGNAL GENERATOR IN PLACE OF SENSOR. CONNECT AMMETER IN
SERIES BETWEEN TRANSMITTER AND BAS CONTROL PANEL. USING
MANUFACTURER’S RESISTANCE-TEMPERATURE DATA, SIMULATE MINIMUM DESIRED
TEMPERATURE. ADJUST TRANSMITTER POTENTIOMETER ZERO UNTIL THE AMMETER
READS 4 MA. REPEAT FOR THE MAXIMUM TEMPERATURE MATCHING 20 MA TO THE
POTENTIOMETER SPAN OR MAXIMUM AND VERIFY AT THE Ol. RECORD ALL VALUES
AND RECALIBRATE CONTROLLER AS NECESSARY TO CONFORM TO TOLERANCES.
RECONNECT SENSOR. MAKE A READING WITH A CALIBRATED TEST INSTRUMENT
WITHIN 6 INCHES OF THE SITE SENSOR. VERIFY THAT THE SENSOR READING (VIA
THE PERMANENT THERMOSTAT, GAGE OR BAS) IS WITHIN THE TOLERANCES
SPECIFIED. IF NOT, REPLACE SENSOR AND REPEAT. FOR PRESSURE SENSORS,
PERFORM A SIMILAR PROCESS WITH A SUITABLE SIGNAL GENERATOR.
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C. SENSOR TOLERANCE; SENSORS SHALL BE WITHIN THE TOLERANCES SPECIFIED FOR THE

DEVICE. REFER TO SECTION 15951.

3.03 COIL VALVE LEAK CHECK

A

VERIFY PROPER CLOSE-OFF OF THE VALVES. ENSURE THE VALVE SEATS PROPERLY BY
SIMULATING THE MAXIMUM ANTICIPATED PRESSURE DIFFERENCE ACROSS THE CIRCUIT.
CALIBRATE AIR TEMPERATURE SENSORS ON EACH SIDE OF COIL TO BE WITHIN 0.5°F OF
EACH OTHER. VIA THE OPERATOR INTERFACE, COMMAND THE VALVE TO CLOSE.
ENERGIZE FANS. AFTER 5 MINUTES OBSERVE AIR TEMPERATURE DIFFERENCE ACROSS
COIL. IF ATEMPERATURE DIFFERENCE IS INDICATED, AND THE PIPING SURFACE
TEMPERATURE ENTERING THE COIL IS WITHIN 3°F OF THE WATER SUPPLY TEMP,
LEAKAGE IS PROBABLY OCCURRING. IF IT APPEARS THAT IT IS OCCURRING, CLOSE THE
ISOLATION VALVES TO THE COIL TO ENSURE THE CONDITIONS CHANGE. IF THEY DO, THIS
VALIDATES THE VALVE IS NOT CLOSING. REMEDY THE CONDITION BY ADJUSTING THE
STROKE AND RANGE, INCREASING THE ACTUATOR SIZE/TORQUE, REPLACING THE SEAT,
OR REPLACING THE VALVE AS APPLICABLE.

3.04  VALVE STROKE SETUP AND CHECK

A

B.

FOR ALL VALVE AND ACTUATOR POSITIONS CHECKED, VERIFY THE ACTUAL POSITION
AGAINST THE OPERATOR INTERFACE READOUT.

SET PUMPS TO NORMAL OPERATING MODE. COMMAND VALVE CLOSED, VERIFY THAT
VALVE IS CLOSED, AND ADJUST OUTPUT ZERO SIGNAL AS REQUIRED. COMMAND VALVE
OPEN, VERIFY POSITION IS FULL OPEN AND ADJUST OUTPUT SIGNAL AS REQUIRED.
COMMAND THE VALVE TO VARIOUS FEW INTERMEDIATE POSITIONS. |IF ACTUAL VALVE
POSITION DOESN’T REASONABLY CORRESPOND, REPLACE ACTUATOR OR ADD PILOT
POSITIONER (FOR PNEUMATICS).

305 BASDEMONSTRATION

A

DEMONSTRATE THE OPERATION OF THE BAS HARDWARE, SOFTWARE, AND ALL RELATED
COMPONENTS AND SYSTEMS TO THE SATISFACTION OF THE [COMMISSIONING
AUTHORITY AND] UNIVERSITY. SCHEDULE THE DEMONSTRATION WITH THE
UNIVERSITY’S REPRESENTATIVE 1 WEEK IN ADVANCE. DEMONSTRATION SHALL NOT BE
SCHEDULED UNTIL ALL HARDWARE AND SOFTWARE SUBMITTALS, AND THE START-UP
TEST REPORT ARE APPROVED. IF THE WORK FAILS TO BE DEMONSTRATED TO CONFORM
WITH CONTRACT SPECIFICATIONS, SO AS TO REQUIRE SCHEDULING OF ADDITIONAL SITE
VISITS BY THE [COMMISSIONING AUTHORITY] UNIVERSITY FOR RE-DEMONSTRATION,
CONTRACTOR SHALL REIMBURSE UNIVERSITY FOR COSTS OF SUBSEQUENT
[COMMISSIONING AUTHORITY] SITE VISITS.

THE CONTRACTOR SHALL SUPPLY ALL PERSONNEL AND EQUIPMENT FOR THE
DEMONSTRATION, INCLUDING, BUT NOT LIMITED TO, INSTRUMENTS, LADDERS, ETC.
CONTRACTOR-SUPPLIED PERSONNEL MUST BE COMPETENT WITH AND KNOWLEDGEABLE
OF ALL PROJECT-SPECIFIC HARDWARE, SOFTWARE, AND THE HVAC SYSTEMS. ALL
TRAINING DOCUMENTATION AND SUBMITTALS SHALL BE AT THE JOB SITE.

DEMONSTRATION SHALL TYPICALLY INVOLVE SMALL REPRESENTATIVE SAMPLES OF
SYSTEMS/EQUIPMENT RANDOMLY SELECTED BY THE UNIVERSITY [AND CA].
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THE SYSTEM SHALL BE DEMONSTRATED FOLLOWING THE SAME PROCEDURES USED IN
THE START-UP TEST BY USING THE APPROVED COMMISSIONING CHECKLISTS.
DEMONSTRATION SHALL INCLUDE, BUT NOT NECESSARILY BE LIMITED TO, THE
FOLLOWING:

1.

10.

DEMONSTRATE THAT REQUIRED SOFTWARE IS INSTALLED ON BAS WORKSTATIONS.
DEMONSTRATE THAT GRAPHIC SCREENS, ALARMS, TRENDS, AND REPORTS ARE
INSTALLED AS SUBMITTED AND APPROVED.

DEMONSTRATE THAT POINTS SPECIFIED AND SHOWN CAN BE INTERROGATED
AND/OR COMMANDED (AS APPLICABLE) FROM ALL WORKSTATIONS, AS SPECIFIED.

DEMONSTRATE THAT REMOTE COMMUNICATION ABILITIES ARE IN ACCORDANCE
WITH THESE SPECIFICATIONS.

DEMONSTRATE CORRECT CALIBRATION OF INPUT/OUTPUT DEVICES USING THE SAME
METHODS SPECIFIED FOR THE START-UP TESTS. A MAXIMUM OF 10 PERCENT OF I/O
POINTS SHALL BE SELECTED AT RANDOM BY THE [COMMISSIONING AUTHORITY
AND/OR] UNIVERSITY FOR DEMONSTRATION. UPON FAILURE OF ANY DEVICE TO
MEET THE SPECIFIED END-TO-END ACCURACY, AN ADDITIONAL 10 PERCENT OF I/O
POINTS SHALL BE SELECTED AT RANDOM [BY COMMISSIONING AUTHORITY] FOR
DEMONSTRATION. THIS PROCESS SHALL BE REPEATED UNTIL 100 PERCENT OF
RANDOMLY SELECTED I/O POINTS HAVE BEEN DEMONSTRATED TO MEET SPECIFIED
END-TO-END ACCURACY.

DEMONSTRATE THAT ALL DDC AND OTHER SOFTWARE PROGRAMS EXIST AT
RESPECTIVE FIELD PANELS. THE DIRECT DIGITAL CONTROL (DDC) PROGRAMMING
AND POINT DATABASE SHALL BE AS SUBMITTED AND APPROVED.

DEMONSTRATE THAT ALL DDC PROGRAMS ACCOMPLISH THE SPECIFIED SEQUENCES
OF OPERATION.

DEMONSTRATE THAT THE PANELS AUTOMATICALLY RECOVER FROM POWER
FAILURES, AS SPECIFIED.

DEMONSTRATE THAT THE STAND-ALONE OPERATION OF PANELS MEETS THE
REQUIREMENTS OF THESE SPECIFICATIONS. DEMONSTRATE THAT THE PANELS'
RESPONSE TO LAN COMMUNICATION FAILURES MEETS THE REQUIREMENTS OF
THESE SPECIFICATIONS.

IDENTIFY ACCESS TO EQUIPMENT SELECTED [BY COMMISSIONING AUTHORITY] [BY
THE UNIVERSITY]. DEMONSTRATE THAT ACCESS IS SUFFICIENT TO PERFORM
REQUIRED MAINTENANCE.

DEMONSTRATE THAT REQUIRED TREND GRAPHS AND TREND LOGS ARE SET UP PER
THE REQUIREMENTS.

BAS DEMONSTRATION SHALL BE COMPLETED AND APPROVED PRIOR TO SUBSTANTIAL
COMPLETION.

ANY TESTS SUCCESSFULLY COMPLETED DURING THE DEMONSTRATION WILL BE
RECORDED AS PASSED FOR THE FUNCTIONAL PERFORMANCE TESTING AND WILL NOT
HAVE TO BE RETESTED.
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3.06 TREND LOGS

A. CONTRACTOR SHALL CONFIGURE AND ANALYZE ALL TRENDS REQUIRED UNDER SECTION
15955.

THE FOLLOWING ITEM ONLY APPLIES TO A FORMAL CX PROCESS.

3.07 WARRANTY PERIOD:

A. WARRANTY PERIOD SHALL NOT COMMENCE UNTIL SUCCESSFUL COMPLETION OF THE
BAS DEMONSTRATION.

B. TRENDING: THROUGHOUT THE WARRANTY PERIOD, TREND LOGS SHALL BE
MAINTAINED. CONTRACTOR SHALL FORWARD ARCHIVE TREND LOGS TO THE
COMMISSIONING AUTHORITY/UNIVERSITY FOR REVIEW UPON COMMISSIONING
AUTHORITY/UNIVERSITY REQUEST. COMMISSIONING AUTHORITY/UNIVERSITY WILL
REVIEW THESE AND NOTIFY CONTRACTOR OF ANY WARRANTY WORK REQUIRED.

C. OPPOSITE SEASON TESTING: WITHIN 6 MONTHS OF COMPLETION OF THE ACCEPTANCE
PHASE, COMMISSIONING AUTHORITY/UNIVERSITY SHALL SCHEDULE AND CONDUCT
OPPOSITE SEASON FUNCTIONAL PERFORMANCE TESTING. CONTRACTOR SHALL
PARTICIPATE IN THIS TESTING AND REMEDY ANY DEFICIENCIES IDENTIFIED

D. END OF WARRANTY VISIT: COMMISSIONING AUTHORITY/UNIVERSITY WILL CONDUCT
AN END OF WARRANTY WALKTHROUGH PRIOR TO THE END OF THE WARRANTY PERIOD.
CONTRACTOR SHALL PARTICIPATE IN THIS WALKTHROUGH AND REMEDY ANY
DEFICIENCIES IDENTIFIED.

3.08 SOFTWARE OPTIMIZATION ASSISTANCE

A

THE CONTRACTOR SHALL PROVIDE THE SERVICES OF A BAS TECHNICIAN AS SPECIFIED
ABOVE AT THE PROJECT SITE TO BE AT THE DISPOSAL OF THE [COMMISSIONING
AUTHORITY/] UNIVERSITY. THE PURPOSE OF THIS REQUIREMENT IS TO MAKE CHANGES,
ENHANCEMENTS AND ADDITIONS TO CONTROL UNIT AND/OR WORKSTATION SOFTWARE
THAT HAVE BEEN IDENTIFIED BY THE [COMMISSIONING AUTHORITY/] UNIVERSITY
DURING THE CONSTRUCTION AND COMMISSIONING OF THE PROJECT AND THAT ARE
BEYOND THE SPECIFIED CONTRACT REQUIREMENTS. THE COST FOR THIS SERVICE SHALL
BE INCLUDED WITH THE BID. REQUESTS FOR ASSISTANCE SHALL BE FOR CONTIGUOUS OR
NON-CONTIGUOUS 8-HOUR DAYS, UNLESS OTHERWISE MUTUALLY AGREED UPON BY
CONTRACTOR, [COMMISSIONING AUTHORITY,] AND UNIVERSITY. THE UNIVERSITY’S
REPRESENTATIVE SHALL NOTIFY CONTRACTOR 2 DAYS IN ADVANCE OF EACH DAY OF
REQUESTED ASSISTANCE.

THE BAS TECHNICIAN PROVIDED SHALL BE THOROUGHLY TRAINED IN THE
PROGRAMMING AND OPERATION OF THE CONTROLLER AND WORKSTATION SOFTWARE. IF
THE BAS TECHNICIAN PROVIDED CANNOT PERFORM EVERY SOFTWARE TASK REQUESTED
BY THE [COMMISSIONING AUTHORITY/] UNIVERSITY IN A TIMELY FASHION,
CONTRACTOR SHALL PROVIDE ADDITIONAL QUALIFIED PERSONNEL AT THE PROJECT SITE
AS REQUESTED BY THE [COMMISSIONING AUTHORITY/] UNIVERSITY, TO MEET THE
TOTAL SPECIFIED REQUIREMENT [PER BUILDING] ON-SITE.
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309 BASOPERATOR TRAINING AND 0&M MANUALS

A

CONTRACTOR SHALL SUBMIT A TRAINING PLAN FOR THE SCOPE OF TRAINING FOR WHICH
THEY ARE RESPONSIBLE. TRAINING PLAN SHALL BE FORWARDED TO THE DIVISION 15
CONTRACTOR WHO WILL COMPILE, ORGANIZE, FORMAT, AND FORWARD TO THE
ENGINEER FOR REVIEW.

ON-SITE TRAINING: PROVIDE SERVICES OF CONTROLS CONTRACTOR’S QUALIFIED
TECHNICAL PERSONNEL FOR [FIVE] 8-HOUR DAYS TO INSTRUCT UNIVERSITY'S
PERSONNEL IN OPERATION AND MAINTENANCE OF BAS. INSTRUCTION SHALL BE IN
CLASSROOM SETTING AT THE PROJECT SITE FOR APPROPRIATE PORTIONS OF THE
TRAINING. TRAINING MAY BE IN NON-CONTIGUOUS DAYS AT THE REQUEST OF THE
UNIVERSITY. THE UNIVERSITY’S REPRESENTATIVE SHALL NOTIFY CONTRACTOR 1 WEEK
IN ADVANCE OF EACH DAY OF REQUESTED TRAINING. THE CONTRACTOR’S DESIGNATED
TRAINING PERSONNEL SHALL MEET WITH THE ENGINEER AND UNIVERSITY’S
REPRESENTATIVE FOR THE PURPOSE OF DISCUSSING AND FINE-TUNING THE TRAINING
AGENDA PRIOR TO THE FIRST TRAINING SESSION. TRAINING AGENDA SHALL GENERALLY
BE AS FOLLOWS:

1. BASIC OPERATOR WORKSTATION (OWS) TRAINING — FOR ALL POTENTIAL USERS OF
THE OWS:

a) BRIEF WALK-THROUGH OF BUILDING, INCLUDING IDENTIFICATION OF ALL
CONTROLLED EQUIPMENT AND CONDENSED DEMONSTRATION OF CONTROLLER
PORTABLE AND BUILT-IN OPERATOR INTERFACE DEVICE DISPLAY CAPABILITIES.

b) BRIEF OVERVIEW OF THE VARIOUS PARTS OF THE O&M MANUALS, INCLUDING
HARDWARE AND SOFTWARE PROGRAMMING AND OPERATING PUBLICATIONS,
CATALOG DATA, CONTROLS INSTALLATION DRAWINGS, AND DDC
PROGRAMMING DOCUMENTATION.

c) DEMONSTRATION OF WORKSTATION LOGIN/LOGOUT PROCEDURES, PASSWORD
SETUP, AND EXCEPTION REPORTING.

d) DEMONSTRATION OF WORKSTATION MENU PENETRATION AND BROAD
OVERVIEW OF THE VARIOUS WORKSTATION FEATURES.

e) OVERVIEW OF SYSTEMS INSTALLED.

f)  PRESENT ALL SITE-SPECIFIC POINT NAMING CONVENTIONS AND POINTS LISTS,
OPEN PROTOCOL INFORMATION, CONFIGURATION DATABASES, BACK-UP
SEQUENCES, UPLOAD/DOWNLOAD PROCEDURES, AND OTHER INFORMATION AS
NECESSARY TO MAINTAIN THE INTEGRITY OF THE BAS.

g) OVERVIEW OF ALARM FEATURES.
h) OVERVIEW OF TREND FEATURES.
i)  OVERVIEW OF WORKSTATION REPORTS.
2. BAS HARDWARE TRAINING — FOR MAINTENANCE AND CONTROL TECHNICIANS

a) REVIEW OF INSTALLED COMPONENTS AND HOW TO INSTALL/REPLACE,
MAINTAIN, COMMISSION, AND DIAGNOSE THEM

3. BAS TECHNICIAN TRAINING

a) INTRODUCTION TO CONTROLLER PROGRAMMING AND OVERVIEW OF THE
PROGRAMMING APPLICATION INTERFACE.
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b) GENERAL REVIEW OF SEQUENCE OF OPERATION AND CONTROL LOGIC FOR THE
PROJECT SITE, INCLUDING STANDALONE AND FAIL-SAFE MODES OF OPERATION.

c) UPLOADING/DOWNLOADING AND BACKING UP PROGRAMS.
d) NETWORK ADMINISTRATION.
e) REVIEW OF SETPOINT OPTIMIZATION AND FINE-TUNING CONCEPTS.
THE FOLLOWING ITEM MUST BE COORDINATED WITH UCB WITH REGARD TO APPLICABILITY AND COST.

4. ADVANCED TRAINING: ADVANCED TRAINING SHALL BE PROVIDED FOR [TWO]
INDIVIDUALS AND BE PROVIDED AT AN OFF-SITE TRAINING FACILITY CONTAINING
INSTALLATIONS OF THE PROPOSED SYSTEM. CONTRACTOR SHALL PAY TRAINING
REGISTRATION AND MATERIALS FEE AND THE UNIVERSITY SHALL PAY ALL
EMPLOYEE EXPENSES (TRAVEL, PER DIEM, SALARY).

a) CONTRACTOR SHALL PROVIDE THE STANDARD, ADVANCED TRAINING
OFFERING ON ALL CONTROL PROGRAMMING APPLICATIONS.

b) CONTRACTOR SHALL PROVIDE THE STANDARD, ADVANCED TRAINING
OFFERING ON ADVANCED INSTALLATION, CONFIGURATION, MAINTENANCE,
AND NETWORK ADMINISTRATION.

M15958 - UCB Temperature Control-Specifiers Guide

INDEX

l. PART 1 - GENERAL
1.01 SUMMARY

1.02 SYSTEM DESCRIPTION
Il. PART 2 - NOT USED

. PART 3 - EXECUTION
3.01 VAV AIR HANDLER
3.02 HOT WATER HEATING

3.03 ELEVATOR SHAFT VENTING
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CONTROL SEQUENCE OF OPERATION
PART 1 - GENERAL
1.01 SUMMARY
A. SECTION INCLUDES:
1. HOT WATER HEATING.
B. RELATED SECTIONS:
1. SECTION 15010 - BASIC MECHANICAL REQUIREMENTS.
2. SECTION 15190 - MECHANICAL IDENTIFICATION.
3. SECTION 15950 - CONTROLS.
4. SECTION 15990 - TESTING, ADJUSTING AND BALANCING.
1.02  SYSTEM DESCRIPTION
A. DESIGN REQUIREMENTS:

1. GENERAL:

A.  THE INTENT OF THIS DESIGN GUIDE SECTION IS TO PROVIDE REPRESENTATIVE CONTROL SEQUENCES THAT
THE UNIVERSITY HAS FOUND SATISFACTORY TO USE AS AN EXAMPLE IN THE FINAL DESIGN OF TYPICAL
PROJECTS.
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B. THE TYPICAL SYSTEMS DESCRIBED ARE SIMPLE SOLUTIONS TO TYPICAL CONTROL DESIGNS. BEFORE USING
THEM, BE SURE THE CONTROL DESIGN FOR THE PROJECT SYSTEM IS TYPICAL. BE AWARE THAT THE FINAL
DESIGN IS THE RESPONSIBILITY OF THE DESIGN CONSULTANT.

C. THE UNIVERSITY REQUIRES FUNCTIONAL PERFORMANCE TESTING OF THE COMPLETE CONTROL SYSTEM
PRIOR TO OWNER ACCEPTANCE.

PART 2 - PRODUCTS
NoOT USED
PART 3 - EXECUTION
3.01 SEQUENCE OF OPERATION

A. VAV AIR HANDLER

[NOTE TO CONSULTANT: CUSTOMIZE, EDIT, AND INCLUDE CONTROL SEQUENCES FOR
EACH PIECE OF EQUIPMENT ON THE PROJECT TO BE CONTROLLED. ]

1. THE OCCUPANCY MODE (OCCUPIED-UNOCCUPIED) SHALL BE DETERMINED
THROUGH A USER-ADJUSTABLE, GRAPHICAL, SEVEN-DAY SCHEDULE WITH AN
ADDITIONAL HOLIDAY  SCHEDULE.

2.  OCCUPIED MODE:

A. THESUPPLY FAN SHALL BE ENERGIZED. THE SUPPLY FAN SPEED SHALL
MODULATE TO MAINTAIN DUCT STATIC PRESSURE SETPOINT OF 1”7 W.G.
INITIALLY (ADJUSTABLE). THE FINAL SETPOINT SHALL BE DETERMINED IN
CONSULTATION WITH THE BALANCING CONTRACTOR.

B. WHENEVER THE SUPPLY FAN IS ENERGIZED, THE RETURN FAN SHALL BE
ENERGIZED. THE RETURN FAN SPEED SHALL MODULATE TO MAINTAIN THE
RETURN AIR PLENUM PRESSURE SETPOINT OF 0.10” W.G. (ADJUSTABLE).

C. THE OUTDOOR AIR FAN SHALL BE ENERGIZED AND ITS DAMPER SHALL BE OPEN.
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THE EXHAUST AIR DAMPER SHALL MODULATE TO MAINTAIN THE SPACE STATIC
PRESSURE SETPOINT OF 0.05” W.G.

DISCHARGE AIR TEMPERATURE SETPOINT SHALL BE RESET BASED UPON
OUTDOOR AIR TEMPERATURE ACCORDING TO THE FOLLOWING RESET
SCHEDULE:

DISCHARGE AIR

TEMPERATURE SETPOINT OUTDOOR TEMPERATURE
55°F >70°F
65°F <30°F

ALL PARAMETERS SHALL BE INDEPENDENTLY ADJUSTABLE.
EVAPORATIVE COOLER SECTION [INCLUDE WHERE APPLICABLE]:
1. EVAPORATIVE COOLER PUMP SHALL NOT OPERATE UNLESS:
A. OUTSIDE DAMPERS ARE 100% OPEN.
B. SUMP LEVEL SWITCH IS MADE.

C. DISCHARGE AIR CONTROLLER OUTPUT IS CALLING FOR THE
EVAPORATIVE COOLER PUMP(S) TO BE ON.

D. HIGH SPACE HUMIDITY LOCK OUT IS BELOW 65% (ADJUSTABLE).
E. SUPPLY FAN IS ON.

2. STAGING OF EVAPORATIVE COOLER PUMPS (WHERE APPLICABLE) SHALL USE
THE OUTPUT OF THE DISCHARGE AIR CONTROLLER TO STAGE THE PUMPS.

3. THE EVAPORATIVE COOLER SUMP SHALL DRAIN WHEN THE OUTSIDE AIR
TEMPERATURE DROPS BELOW 40°F (AD]USTABLE) FOR 60 MINUTES
(AD]USTABLE). THE EVAPORATIVE COOLER SUMP SHALL FILL ONLY WHEN
THE OUTSIDE AIR TEMPERATURE EXCEEDS 55°F.

4. THERE SHALL BE A DAILY DRY-OUT CYCLE OF 60 MINUTES (ADJUSTABLE).
THIS DRY-OUT SHALL OCCUR DAILY BETWEEN 5 A.M. AND 6 A.M.
(ADJUSTABLE).

5. PROGRAM A WEEKLY SUMP DRAINAGE CYCLE TO COINCIDE WITH THE
EVAPORATIVE COOLER PAD DRY-OUT PERIOD.

6. SPRING RETURN:
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A. PROVIDE SPRING RETURN FOR ALL AHU COMPONENTS (E.G. , COIL
VALVES AND DAMPERS) TO ACHIEVE THE DESIRED OPEN OR CLOSED
FAILURE MODE.

G. INDIRECT TOWER COOLING SECTION [INCLUDE WHERE APPLICABLE]: FILL THE

TOWER SUMP IF THE OUTSIDE AIR TEMPERATURE IS ABOVE 55°F (ADJUSTABLE).
MAINTAIN TOWER SUMP WATER TEMPERATURE BY CYCLING TOWER FAN’S ‘OFF-
LOW-HIGH’ USING A LOCAL TEMPERATURE CONTROLLER MOUNTED TO THE
TOWER SUMP. PROVIDE HARDWIRED TIME DELAY INTERNAL TO THE MAGNETIC
MOTOR STARTER WHEN GOING FROM FAN HIGH-SPEED TO LOW-SPEED TO
ALLOW FOR FAN DECELERATION. THE TOWER SUMP SHALL DRAIN WHENEVER
THE OUTDOOR AIR TEMPERATURE IS BELOW 35°F (ADJUSTABLE) FOR 60 MINUTES
(ADJUSTABLE).

3. UNOCCUPIED MODE:

A.

THE SUPPLY, RETURN AND MINIMUM-OUTDOOR-AIR FANS SHALL BE DE-
ENERGIZED. BOTH OUTDOOR AIR DAMPERS AND EXHAUST DAMPERS SHALL BE
CLOSED.

THE HEATING COIL VALVE AND PUMP SHALL CYCLE TO MAINTAIN MIXED-AIR
TEMPERATURE OF 45°F (ADJUSTABLE).

4. SAFETY SHUTDOWNS:

A.

DUCT SMOKE DETECTION, HIGH PRESSURE SAFETIES AND LOW TEMPERATURE
LIMIT TRIPS SHALL DE-ENERGIZE THE AIR-HANDLING UNIT AND CLOSE THE
OUTDOOR AIR AND EXHAUST AIR DAMPERS.

5. FREEZE-PROTECTION

A.

WHEN THE OUTDOOR AIR TEMPERATURE IS BELOW 40°F (AD]USTABLE) THE HW
AND CHW PUMPS SHALL BE ENERGIZED CONTINUOUSLY FOR FREEZE
PROTECTION. THE HEATING COIL VALVE SHALL CYCLE AS DESCRIBED
ELSEWHERE.

IF THE UNIT HAS SHUTDOWN ON THE LOW TEMPERATURE LIMIT SWITCH,
ENERGIZE THE RETURN FAN UNTIL THE CONDITION HAS BEEN RESOLVED.

B. CHILLED WATER SYSTEM [INCLUDE WHERE APPLICABLE]

1. THE CHILLER SHALL BE ENABLED WHENEVER THE OUTSIDE AIR TEMPERATURE IS ABOVE
55°F FOR 30 MINUTES (BOTH AD]USTABLE). THE CHILLER SHALL BE DISABLED WHEN THE
OAT DROPS BELOW 54°F FOR 30 MINUTES (BOTH AD]USTABLE).
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7.

THE CHILLER SHALL NOT BE ENABLED UNLESS THE COOLING TOWER SUMP IS FILLED.

THE CHILLER SHALL START AND STOP THE CHILLED WATER AND CONDENSER WATER
PUMPS THROUGH ITS INTERNAL CONTROLS.

THE COOLING TOWER FAN SHALL SEQUENCE ‘OFF-LOW-HIGH" TO MAINTAIN
CONDENSER WATER SUPPLY TEMPERATURE SETPOINT OF 74°F (AD]USTABLE). THE FAN
SHALL BE LOCKED OUT WHENEVER THE CHILLER IS DE-ENERGIZED.

THE COOLING TOWER SUMP DRAIN AND FILL LINES SHALL DRAIN WHENEVER THE
OUTDOOR AIR TEMPERATURE IS LESS THAN 35°F FOR 30 MINUTES (BOTH ADJUSTABLE).
THE TOWER SUMP SHALL BE FILLED WHENEVER THE OAT > 54°F FOR 30 MINUTES (BOTH
ADJUSTABLE).

THE CHILLED WATER SUPPLY TEMPERATURE SHALL BE RESET FROM 45° TO 52°F. THE
CHILLED WATER SUPPLY TEMPERATURE SHALL BE AS WARM AS POSSIBLE WHILE
ATTAINING THE DISCHARGE AIR TEMPERATURE SETPOINT FOR THE AIR HANDLING UNIT.

CHILLED WATER SUPPLY

TEMPERATURE SETPOINT OUTDOOR TEMPERATURE
52°F <55°F

45°F > 80°F

ACTIVATION OF ANY EMERGENCY-STOP SWITCHES OR REFRIGERANT-DETECTION
ALARMS SHALL DE-ENERGIZE ALL CENTRAL PLANT EQUIPMENT EXCEPT MAKEUP-AIR
UNITS AND EXHAUST FANS.

C. CABINET UNIT HEATER [INCLUDE WHERE APPLICABLE]

1.

THE SPACE THERMOSTAT SHALL MODULATE THE CONTROL VALVE AND CYCLE THE UNIT
FAN TO MAINTAIN SPACE TEMPERATURE AT SETPOINT OF 68°F. FOR STEAM HEATING,
WHEN STEAM IS NOT AVAILABLE, AS SENSED BY THE AQUASTAT, THE FAN SHALL BE DE-
ENERGIZED.

D. UNIT HEATER [INCLUDE WHERE APPLICABLE]

FOR HEATING SYSTEMS OPERATING IN WINTER ONLY (NO REHEAT), THE SPACE
THERMOSTAT SHALL CYCLE THE UNIT FAN TO MAINTAIN SPACE TEMPERATURE AT
SETPOINT OF 68°F. FOR YEAR-ROUND HEATING/REHEATING, OPERATE SAME AS
CABINET UNIT HEATER. FOR STEAM HEATING, WHEN STEAM IS NOT AVAILABLE AS
SENSED BY THE AQUASTAT THE FAN SHALL BE DE-ENERGIZED.
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E. BASE-BOARD HEATING [INCLUDE WHERE APPLICABLE]

1.  FINTUBE RADIATION SHALL BE SEQUENCED WITH THE ASSOCIATED VAV BOX. HEATING
WITH FINTUBE AND COOLING WITH THE VAV BOX SHALL NOT OCCUR
SIMULTANEOUSLY. FOR PNEUMATIC CONTROLS, USE NON-OVERLAPPING SPRING
RANGES OR SEQUENCING RELAYS ON THE FINTUBE CONTROL VALVE AND VAV DAMPER
ACTUATOR. FOR DDC, AVOID OVERLAP BETWEEN HEATING AND COOLING UNLESS
NEEDED TO COMPENSATE FOR VENTILATION LOAD. FOR DDC, ACTUATOR SHALL FAIL
“IN POSITION” (NO SPRING RETURN).

F. VAV BOXES [INCLUDE WHERE APPLICABLE]

1. A SPACE THERMOSTAT VARIES THE AIRFLOW FROM MAXIMUM TO MINIMUM AND
MODULATES THE HEATING VALVE IN SEQUENCE TO MAINTAIN SPACE TEMPERATURE
SETPOINT. THE HEATING VALVE SHALL NOT BEGIN TO OPEN UNTIL THE AIRFLOW HAS
REACHED ITS MINIMUM SETTING. PNEUMATIC VAV CONTROLLER COMPENSATES FOR
VARIATION IN SYSTEM PRESSURE. SET MINIMUM AND MAXIMUM CFM AS SHOWN ON
THE DRAWINGS. FOR DDC, ACTUATOR SHALL FAIL “IN POSITION” (NO SPRING RETURN).

G. REHEAT COILS [INCLUDE WHERE APPLICABLE]
1. FORDDC, ACTUATOR SHALL FAIL “IN POSITION” (NO SPRING RETURN).

H. FACE AND BYPASS PREHEAT COIL [INCLUDE WHERE APPLICABLE]

1. TWO-POSITION PREHEAT COIL VALVE SHALL OPEN FULL WHEN OUTSIDE AIR
TEMPERATURE IS BELOW 35°F. FACE AND BYPASS DAMPERS SHALL MODULATE TO
MAINTAIN 50°F (ADJUSTABLE) PREHEAT COIL DISCHARGE AIR TEMPERATURE.

I. ANIMAL-HOLDING AREAS
1. SAFETY SHUTDOWNS:
a. AHU HEATING COIL WILL FAIL WITH HEAT ON.
b. AHU FAN WILL TURN OFF WHEN HARD-WIRED SPACE SENSOR DETECTS HIGH
TEMPERATURE OR LOW TEMPERATURE AT (ADJUSTABLE) SETTINGS AGREED TO WITH
UCB CONTROLS SHOP. ALARM CONTACTS WILL CONNECT TO DDC SYSTEM FOR

REMOTE ALARMING.

3.02 HOT WATER HEATING

A. HEATING WATER SUPPLY:
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3.03

1. ASUB-MASTER REMOTE BULB THERMOSTAT, LOCATED IN THE HEATING WATER SUPPLY, SHALL MAINTAIN
ITS SETTING BY MODULATING IN SEQUENCE, TWO NORMALLY CLOSED CONTROL VALVES IN PARALLEL IN
THE STEAM SUPPLY TO THE HOT WATER HEAT EXCHANGER. FAIL SAFE OPERATION OF STEAM VALVE SHALL
BE TO FAIL OPEN.

2. HOT WATER SUPPLY TEMPERATURE SHALL BE RESET INVERSELY WITH CHANGES IN OUTSIDE TEMPERATURE
BY A MASTER THERMOSTAT LOCATED ON NORTH EXPOSURE.

ZONE CONTROL:

1. BUILDING TO BE ZONED AS REQUIRED BY FLOORS, ORIENTATION AND FUNCTION AS DETERMINED FOR
SPECIFIC PROJECT.

2. PROVIDE FOR EACH ZONE A NIGHT, WEEK-END AND HOLIDAY SETBACK.

3. PROVIDE EACH ZONE WITH ADJUSTABLE MORNING WARM-UP TIME PERIOD.

TEMPERATURE RESET OF A CONTROLLED VARIABLE IS ENCOURAGED WHERE OVERALL SYSTEM ENERGY USE
WILL BE MINIMIZED WHILE STILL MAINTAINING BUILDING TEMPERATURE CONTROL REQUIREMENTS.

ELEVATOR SHAFT VENTING
*NOTE: THE FOLLOWING IS APPLICABLE ONLY WHERE REQUIRED BY THE IBC.

A. THE FOLLOWING CONTROL SEQUENCE RESULTED FROM A MEETING BETWEEN UCB AND THE BOULDER
FIRE DEPARTMENT STAFF TO DISCUSS WHAT THEY PREFER FOR CONTROL OF THE ELEVATOR HOISTWAY
VENT, BASED ON UCB’S REQUESTS FOR CLARIFICATION TO ICBO. WE AGREED ON THE FOLLOWING
CONTROL SEQUENCE:

1. THE VENT FOR THE ELEVATOR SHAFT SHALL HAVE A MOTORIZED DAMPER. THIS DAMPER SHALL BE
NORMALLY-CLOSED (ENERGIZED TO OPEN). THE DAMPER OPERATOR SHALL BE ELECTRIC ONLY.
PNEUMATIC IF CONTROL AIR IS AVAILABLE IN THE BUILDING, ELECTRIC OTHERWISE. THE DAMPER
SHALL BE OPENED BY A MANUALLY-OPERATED REMOTE SWITCH. THE SWITCH SHALL BE LOCATED IN
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FIRE-ALARM PANEL, OR IN OR NEXT TO THE ELEVATOR-RECALL PANEL IF THE BUILDING DOES NOT
HAVE A FIRE-ALARM PANEL.

M15959 - TESTING, ADJUSTING, AND BALANCING

PART 1- GENERAL
1.01 SUMMARY

A. SECTION INCLUDES: REQUIREMENTS FOR BALANCING THE AIR AND HYDRONIC HEATING, VENTILATING
AND COOLING SYSTEMS TO SATISFY THE PROJECT BUILDING DESIGN CONDITIONS.

B. THIS CONTRACTOR SHALL DO THE WORK UNDER THE GENERAL CONTRACTOR, NOT THE MECHANICAL
CONTRACTOR.

C. APPROVED CONTRACTORS:
CHECKPOINT

FINN & ASSOCIATES

GRIFFITH ENGINEERING SERVICES

JEDI BALANCING

JPG ENGINEERING

1.02  REFERENCES

A. LATEST ASHRAE EDITION OF THE "SYSTEMS HANDBOOK".
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B. LATEST ASHRAE EDITION OF THE "FUNDAMENTALS HANDBOOK".
C. NATIONAL ENVIRONMENTAL BALANCING BUREAU (NEBB) REQUIREMENTS FOR CERTIFICATION TO

PERFORM AND MANAGE TESTING AND BALANCING OF AIR AND HYDRONIC ENVIRONMENTAL SYSTEMS.

1.03  SYSTEM DESCRIPTION

A. PERFORMANCE REQUIREMENTS:

COMPLY WITH THE APPLICABLE PROCEDURES IN THE CHAPTER ON TESTING, ADJUSTING AND
BALANCING IN THE LATEST ASHRAE EDITION OF THE SYSTEMS HANDBOOK.

COMPLY WITH PROCEDURAL STANDARDS FOR TESTING, BALANCING AND ADJUSTING OF
ENVIRONMENTAL SYSTEMS AS OUTLINED IN THE LATEST EDITION OF SMACNA, NEBB, AND/OR
AABC PROCEDURAL MANUALS.

CALIBRATION AND MAINTENANCE OF INSTRUMENTS IN ACCORDANCE WITH MANUFACTURER'S
STANDARDS AND RECOMMENDATIONS, AND CALIBRATION HISTORIES FOR EACH INSTRUMENT
AVAILABLE FOR EXAMINATION.

ACCURACY OF MEASUREMENTS IN ACCORDANCE WITH THE APPLICABLE MEASUREMENT MEANS
AS LISTED IN THE CHAPTER ON MEASUREMENT AND INSTRUMENTS IN THE LATEST EDITION OF
ASHRAE FUNDAMENTALS HANDBOOK.

ALLOWABLE TOLERANCES:

A. TOLERANCES OF ADJUSTMENT FOR AIR HANDLING SYSTEMS: PLUS OR MINUS 5
PERCENT FOR SUPPLY SYSTEMS AND PLUS OR MINUS 10 PERCENT FOR RETURN AND
EXHAUST SYSTEMS FROM FIGURES SHOWN ON DRAWINGS.

b. TOLERANCES OF ADJUSTMENT FOR HYDRONIC SYSTEMS: PLUS OR MINUS 10 PERCENT
OF DESIGN CONDITIONS SHOWN ON DRAWINGS.
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6. FINAL TESTING, ADJUSTING AND BALANCING OF ALL HYDRONIC AND AIR SYSTEMS PERFORMED

BY AN PROFESSIONAL TESTING, ADJUSTING AND BALANCING SUB-CONTRACTOR MEETING THE
FOLLOWING QUALITY ASSURANCE REQUIREMENTS.

1.04 QUALITY ASSURANCE

A. QUALIFICATIONS:

THE CONSULTANTS’ SPECIFICATIONS SHALL STATE THAT:

1. THE TESTING, ADJUSTING AND BALANCING (TAB) CONTRACTOR SHALL PERFORM THE WORK
WITH PERSONNEL CERTIFIED BY THE NATIONAL ENVIRONMENTAL BALANCING BUREAU (NEBB).
NO OTHER CERTIFICATION IS ACCEPTABLE.

DEPENDING ON THE LEVEL OF EXPERIENCE OF THE TAB CONTRACTOR AND PROVEN QUALITY OF
WORK AT THE UNIVERSITY, THE UNIVERSITY MAY REQUIRE THAT THE WORK BE EXECUTED
UNDER THE DIRECT SUPERVISION OF A REGISTERED PROFESSIONAL ENGINEER HAVING AN
ESTABLISHED PROFESSIONAL OFFICE IN THE STATE OF COLORADO, AND HAVING AN EXPERIENCE
RECORD OF NOT LESS THAN FIVE (5) YEARS IN TESTING, BALANCING AND ADJUSTING OF AIR AND
HYDRONIC MECHANICAL SYSTEMS.

2. SPECIFY THAT THIS CONTRACTOR SHALL HAVE OBTAINED CAD REDUCED-SIZE DRAWINGS FROM
ENGINEER FOR THE TAB REPORT.

2L SPECIFY IN SUBMITTALS SECTION THAT THIS BALANCING CONTRACTOR SHALL REVIEW THE
CONTRACT DOCUMENTS AND SUBMITTALS FOR LOCATION AND TYPE OF BALANCING DEVICES
BEING INSTALLED BY THE MECHANICAL AND SHEET METAL CONTRACTORS, AND SHALL ISSUE A
LETTER TO UCB THAT S/HE IS IN AGREEMENT WITH THEM OR SHALL IDENTIFY DEFICIENCIES
NEEDING ATTENTION.

1.05  STATUS OF SYSTEMS

A. AIR AND WATER TESTING AND BALANCING SHALL NOT BEGIN UNTIL THE SYSTEM TO BE TESTED HAS BEEN
CLEANED AND FLUSHED, AND IS IN FULL WORKING ORDER. WWHERE GLYCOL IS USED, IT SHALL BE
INSTALLED PRIOR TO HYDRONIC BALANCING.

D-125



University of Colorado secrion D = Appendix

Boulder
FACILITY STANDARDS JULY 1, 2018
1. COORDINATE SCHEDULING OF WORK WITH THE GENERAL CONTRACTOR AND APPROPRIATE
SUBCONTRACTORS. SCHEDULE TAB WORK TO COINCIDE WITH TESTING AND VERIFICATION OF
CONTROL SYSTEMS WHERE PRACTICAL.
2. PROVIDE WRITTEN NOTIFICATION (WITHIN 24 HOURS) TO THE GENERAL CONTRACTOR,
ENGINEER, AND OWNER OR HIS REPRESENTATIVE OF ANY COMPONENT AND/OR SYSTEM
DEFICIENCIES.
B. REVIEW AVAILABLE PLANS AND SPECIFICATIONS FOR THE PROJECT AND MAKE VISUAL OBSERVATIONS

DURING CONSTRUCTION TO DETERMINE THAT REQUIRED BALANCING DEVICES ARE BEING INSTALLED
PROPERLY, AND ACCESS IS PROVIDED FOR.

C. BEFORE ANY AIR BALANCE WORK IS DONE, SYSTEMS SHALL BE CHECKED FOR:
1. EXCESSIVE DUCT LEAKAGE.
2. DIRT AND DEBRIS IN DUCTS AND/OR AHUS
3. FILTERS ARE INSTALLED (AND CHANGED IN THEY ARE DIRTY)
4, COIL FINS ARE CLEAN AND COMBED WHERE NEEDED
5. CORRECT MOTOR ROTATION
6. EXCESSIVE VIBRATION
7. EQUIPMENT LUBRICATION
8. PROPER OPERATION OF AUTOMATIC CONTROL AND SMOKE DAMPERS
9. MANUAL CONTROL DAMPERS, FIRE DAMPERS, AND AIR OUTLET DAMPERS ARE WIDE OPEN
10. DUCT END CAPS INSTALLED AND ACCESS DOORS CLOSED
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11. GRILLES, REGISTERS, AND DIFFUSERS ARE PROPERLY INSTALLED

D. BEFORE ANY HYDRONIC BALANCING WORK IS DONE, THE SYSTEM SHALL BE CHECKED FOR:
1. PROPER CLEANING AND FLUSHING; GLYCOL INSTALLED WHEN SPECIFIED
2. DIRTY STRAINERS
3. CORRECT PUMP ROTATION
4, PROPER CONTROL VALVE INSTALLATION AND OPERATION
5. PROPER SYSTEM STATIC PRESSURE TO ASSURE A COMPLETELY FILLED SYSTEM
6. AIR IN SYSTEM ELIMINATED
7. PROPER FLOW METER AND CHECK VALVE INSTALLATION
8. MANUAL BALANCING DEVICES, CONTROL AND SHUT-OFF VALVES ARE OPEN

E. PUT HEATING, VENTILATING, AND AIR CONDITIONING SYSTEMS AND EQUIPMENT INTO FULL OPERATION

AND CONTINUE OPERATION OF SAME DURING EACH WORKING DAY OF TESTING AND BALANCING.

PART 2 - PRODUCTS

2.01 EQUIPMENT

A. PROVIDE ALL INSTRUMENTS, TOOLS, SCAFFOLDING, AND LADDERS NECESSARY TO PERFORM THE WORK.

PART 3 - EXECUTION
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3.01 PERFORMANCE OF WORK

A. AIR BALANCE:
1. BALANCE AIR SUPPLY, RETURN, AND EXHAUST SYSTEMS AND RECORD AIR QUANTITIES FOR EACH
AIR DEVICE.
a. THE PILOT TUBE TRAVERSE METHOD FOR DETERMINING MAIN DUCT CFM SHALL BE
USED AND RECORDED WHEREVER POSSIBLE; FLOW HOOD MEASUREMENTS AT
REGISTERS AND DIFFUSERS MAY BE TOTALIZED FOR BRANCH DUCT QUANTITIES.
2. AIR DIFFUSER PATTERN SHALL BE SET TO MINIMIZE OBJECTIONABLE DRAFTS ANDS NOISE.
3. THE SUPPLY, RETURN, AND EXHAUST FAN STATIC PRESSURES SHALL BE SET BY THE BALANCING

FIRM (AND THE CONTROLS CONTRACTOR IF THE SYSTEMS HAVE FAN VOLUME CONTROL.)

a. THE LOWEST FAN SPEED RESULTING IN SATISFACTORY SYSTEM PERFORMANCE SHALL
BE DETERMINED AT FULL DESIGN DELIVERY. ANY INLET OR OUTLET FAN VOLUME
(BALANCING) DAMPERS SHALL BE IN THE WIDE-OPEN POSITION, AND ONE PATH
PRESENTING THE GREATEST RESISTANCE TO FLOW SHALL BE FULLY OPEN AND
UNOBSTRUCTED.

b. FAN RPM’S SHALL NOT BE INCREASED BY MORE THAN 10% WITHOUT PRIOR
AUTHORIZATION FROM THE ENGINEER.

C. ALL ADJUSTABLE SPEED SHEAVES ON MULTIPLE-BELT SYSTEMS SHALL BE REPLACED
WITH FIXED-SPEED SHEAVES BY THE BALANCING CONTRACTOR.

4, PROVIDE SYSTEM STATIC PRESSURE PROFILES THAT IDENTIFY PRESSURE DIFFERENCES ACROSS
ALL COMPONENTS OF AIR HANDLING UNITS AND BUILT-UP SYSTEMS. PRESSURE DROPS SHALL
BE INDIVIDUALLY MEASURED AND RECORDED FOR INTAKE AND EXHAUST VENTS, HOODS,
LOUVERS, MANUAL AND AUTO CONTROL DAMPERS, FILTERS, COILS, EVAP. COOLERS, FANS, ETC.

a. ON SYSTEMS WITH OSA ECONOMIZERS, PRESSURE DROP VALUES SHALL BE RECORDED
FOR BOTH MINIMUM AND 100% OSA MODES.
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b. ON MULTI-ZONE AIR HANDLERS, ALL ZONE DAMPERS SHALL BE CHECKED FOR
EXCESSIVE LEAKAGE AT BOTH FULL-HEAT AND FULL-COOL POSITIONS. MANUAL ZONE
BALANCE DAMPERS SHALL THEN BE SET. CORRECT LOCATION AND OPERATION OF
ZONE THERMOSTATS SHALL BE VERIFIED.

BUILDING STATIC PRESSURE ADJACENT TO ENTRIES SHALL BE MEASURED AND RECORDED.
ADJUST SYSTEMS TO MAINTAIN A POSITIVE PRESSURE OF 0.05” W.C. WHEN POSSIBLE. NOTE
ANY DISCREPANCIES.

WHEN AIR BALANCING IS DONE AND MANUAL DAMPERS ARE SET, ALL TEST HOLES SHALL BE
PLUGGED AND ALL MANUAL DAMPER POSITIONS SHALL BE MARKED.

B. HYDRONIC BALANCE:

1.

CONVERTERS: RECORD ALL STEAM AND/OR WATER INLET AND LEAVING TEMPERATURES,
PRESSURE DROPS, AND FLOWS.

RECORD INLET AND OUTLET WATER TEMPERATURES OF ALL AIR HANDLING UNIT COILS, UNIT
HEATERS, CONVECTORS, FINNED TUBE RADIATION, AND OTHER HEAT RELEASE EQUIPMENT, AS
WELL AS THE CORRESPONDING MEDIA FLOWS AND PRESSURE DROPS.

BOILERS: PROVIDE DATA FOR BOILER OPERATING CONDITIONS AND THERMAL EFFICIENCIES.
(PROVIDE A COPY OF THE INDEPENDENT TESTING AGENCY REPORTS IF TESTING IS NOT
PERFORMED BY THE TAB CONTRACTOR.) THE TAB CONTRACTOR SHALL MEASURE WATER SIDE
TEMPERATURES, PRESSURES, AND FLOW RATES IF SO REQUESTED BY OWNER AND/OR BOILER
TESTING AGENCY.

CHILLED WATER SYSTEMS: MEASURE AND RECORD CHILLED AND CONDENSER INLET AND
LEAVING FLUID TEMPERATURES, EVAPORATOR AND CONDENSER FLUID PRESSURE DROPS AND
FLOWS, FULL LOAD MOTOR RUNNING VOLTAGE AND AMPERAGE, CHILLER REFRIGERANT
PRESSURES AND TEMPERATURES.

DX COOLING SYSTEMS: RECORD CONDENSING UNIT FULL AND PART LOAD AMPERAGES,
CONDENSER FAN(S) ROTATION AND RUNNING AMPERAGE(S), HIGH AND LOW SIDE REFRIGERANT
PRESSURES, COIL ENTERING AND LEAVING AIR TEMPERATURES AT FULL LOAD CONDITION.
VERIFY OPERATION OF CONDENSER FAN AND HEAD PRESSURE CONTROLS.
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6. HYDRONIC PUMPS: RECORD FLOW RATES, PRESSURES, RUNNING AMPERAGE, AND FULL LOAD
AMPERAGE AT DESIGN FLOW AND SHUTOFF CONDITIONS. VERIFY IMPELLER SIZE AND SHUTOFF
HEAD.
7. WHEN ALL HYDRONIC BALANCING IS DONE, ALL BALANCING VALVE POSITIONS SHALL BE
MARKEDE AND THE LOCKING DEVICES SET. CONTROL VALVE BYPASS LOOPS (WHERE USED)
SHALL BE SET WITH THE BALANCING VALVE TO PROVIDE EQUAL FLOW IN EITHER MODE.
C. ELECTRIC HEAT:
1. RECORD FULL-LOAD AND PART-LOAD (WHEN STAGED) AMPERAGE AND VOLTAGE OF ALL
ELECTRIC HEATING ELEMENTS.
2. VERIFY THAT ELECTRIC HEAT IS LOCKED OUT WHEN THE FLOW. RATE DROPS BELOW MINIMUM
REQUIREMENTS.
D. SMOKE SYSTEMS:
1. TEST ALL SMOKE MANAGEMENT SYSTEMS PER CHAPTER 4 OF THE LATEST VERSION OF NFPA
92A.
2. REFER TO DIVISION 15, SECTION 15950, BASIC CONTROL MATERIAL AND METHODS, FOR
SMOKE MANAGEMENT SEQUENCES.
E. LEAVE SYSTEMS IN PROPER WORKING ORDER, REPLACING BELT GUARDS, CLOSING ACCESS DOORS,

CLOSING DOORS TO ELECTRICAL SWITCH BOXES, AND RESTORING THERMOSTATS TO SPECIFIED SETTINGS.

3.02 TABREPORT

A. THE REPORT SHALL INCLUDE ALL TEST AND BALANCE DATA AS WELL AS INFORMATION ON ANY
DISCREPANCY FROM SPECIFICATIONS OR PERFORMANCE STANDARDS. ALL DISCREPANCIES SHALL BE
INCLUDED IN A SEPARATE SECTION. AS A MINIMUM, THE FOLLOWING ITEMS SHALL BE INCLUDED:

1. BELT AND DRIVE SHEAVE INFORMATION (AS INSTALLED AND AS CHANGED), FAN NAMEPLATE
INFORMATION, MOTOR NAMEPLATE INFORMATION, AND AMPERAGE AND VOLTAGE TO ALL
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MOTORS (IN VARIOUS OPERATING MODES WHERE APPLICABLE). ALSO, MAXIMUM AND
MINIMUM RPM SETTINGS ON VFD UNITS.

2. STATIC PRESSURE DROPS ACROSS ALL COMPONENTS OF THE AIR SYSTEMS. STATIC PRESSURE
PROFILE FOR EACH AIR HANDLING UNIT SYSTEM.

3. REQUIRED AND FINAL BALANCED CFM AT EACH SYSTEM TERMINAL UNIT. INCLUDE THE
TERMINAL SIZE, INLET STATIC PRESSURE, TEMPERATURE, AND VELOCITIES READ TO ATTAIN THE
REQUIRED CFM.

4. PUMP AND MOTOR NAMEPLATE INFORMATION, AMPERAGE AND VOLTAGE TO ALL MOTORS,
FLOW AND PRESSURE DROP ACROSS ALL SYSTEM TERMINALS, PRESSURE RISE ACROSS THE PUMP
IN PSI AND FEET OF HEAD, BOTH OPERATING AND SHUT-OFF, AND MAXIMUM OPERATING GPM.

5. REFRIGERANT SYSTEM OPERATING AMPERAGES, PRESSURES, AND TEMPERATURES.

OVERLOAD PROTECTION DATA FOR ALL MOTORS SHALL BE RECORDED. STARTER AND/OR VFD
BRAND, MODEL, ENCLOSURE TYPE, INSTALLED OVERLOAD DEVICES, ORIGINAL RATINGS AND SET
POINTS (AND REVISED DEVICE RATINGS AND SET POINTS WHEN APPLICABLE) SHALL BE
RECORDED. |F THE STARTERS (AND/OR VFDS) WERE FURNISHED BY THE MECHANICAL
CONTRACTOR, THE OVERLOADS SHALL BE VERIFIED AND CHANGED TO THE CORRECT SIZE WHEN
NECESSARY, AND SO NOTED IN THE REPORT. IF THE STARTERS WERE FURNISHED BY THE
ELECTRICAL CONTRACTOR, THE CORRECT OVERLOAD DEVICE SIZES AND SETTINGS SHALL BE
NOTED IN THE REPORT AND THE ELECTRICAL CONTRACTOR SHALL BE ADVISED OF ALL
DISCREPANCIES.

B. A REDUCED SET OF DRAWING (11” X 17”) SHALL BE INCLUDED IN THE REPORT WITH ALL TERMINALS
(VAV BOXES, AIR OUTLETS, INLETS, COILS, UNIT HEATERS, FIN TUBE LOOPS, RADIANT PANEL LOOPS, ETC.)
CLEARLY MARKED, AL EQUIPMENT DESIGNATED, AND ALL REFERENCED TO THE DEVICE TEST REPORTS.
THE CONTRACT DRAWINGS MAY BE REDUCED AND USED FOR THIS PURPOSE, IF THEY REMAIN LEGIBLE.
OTHERWISE, CAD REDUCED SIZE DRAWINGS SHALL BE OBTAINED FROM THE ENGINEER.

C. THE TAB CONTRACTOR SHALL SUBMIT BOUND COPIES OF THE FINAL TESTING AND BALANCING REPORT TO
THE OWNER OR HIS REPRESENTATIVE AT LEAST 15 DAYS PRIOR TO THE MEECHANICAL CONTRACTOR'S
REQUEST FOR FINAL INSPECTION. THE REPORT SHALL INCLUDE ALL OPERATING DATA AS PREVIOUSLY
LISTED, A LIST OF ALL EQUIPMENT US4ED IN THE TESTING AND BALANCING WORK, AND SHALL BE SIGNED
BY THE SUPERVISING REGISTERED ENGINEER OR CERTIFIED TAB SUPERVISOR AND CERTIFIED TAB
TECHNICIAN, AND AFFIXED WITH HIS CERTIFICATION SEAL. FINAL ACCEPTANCE OF THIS PROJECT WILL NOT
TAKE PLACE UNTIL A SATISFACTORY REPORT IS RECEIVED.
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3.03  FIELD VERIFICATION

A. UPON REQUEST OF THE OWNER OR ENGINEER, A REPRESENTATIVE OF THE BALANCING FIRM
PERFORMING THE WORK SHALL DEMONSTRATE TO HIM FLUID FLOW QUANTITIES SHOWN IN THE REPORT
BY READING BACK OUTLETS OR TERMINALS SELECTED AT RANDOM. IT IS UNDERSTOOD THAT THE
OPERATING MODE OF THE SYSTEM SHALL BE THE SAME FOR READBACK AS IT WAS DURING BALANCING,
AND THE NUMBER OF READINGS VERIFIED WILL NOT EXCEED 10% OF THE TOTAL IN THE REPORT.

B. WHEN DEEMED NECESSARY BY THE OWNER OR ENGINEER, THE BALANCING FIRM SHALL RUN
TEMPERATURE, PRESSURE, AND/OR HUMIDITY RECORDINGS, AND SHALL BE PREPARED TO VERIFY ANY OF
THE REPORT TEST RESULTS IN THE PRESENCE OF THE OWNER AND/OR ENGINEER WHEN REQUESTED.
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	C. Installer's Experience with Proposed Product Line:  Firms shall have specialized in and be experienced with the installation of the proposed product line for not less than [three] years from date of final completion on at least [5] projects of simi...
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	1. Product Line Training:  Individuals overseeing the installation and configuration of the proposed product line must provide evidence of the most advanced training offered by the Manufacturer on that product line for installation and configuration.
	2. Programming Training:  Individuals involved with programming the site-specific sequences shall provide evidence of the most advanced programming training offered by the vendor of the programming application offered by the Manufacturer.

	E. Installer’s Service Qualifications:  The installer must be experienced in control system operation, maintenance and service.  Installer must document a minimum [5] year history of servicing installations of similar size and complexity.  Installer m...
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	B. American Society of Heating, Refrigeration and Air Conditioning Engineers (ASHRAE)
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	1.07 DEFINITIONS
	A. Accuracy: As stated in Section 15951 {23 0913}, accuracy shall include combined effects of nonlinearity, non-repeatability and hysteresis.
	B. Advanced Application Controller (AAC): A device with limited resources relative to the Building Controller (BC).  It may support a level of programming and may also be intended for application specific applications.
	C. Application Protocol Data Unit (APDU): A unit of data specified in an application protocol and consisting of application protocol control information and possible application user data (ISO 9545).
	D. Application Specific Controller (ASC): A device with limited resources relative to the Advanced Application Controller (AAC).  It may support a level of programming and may also be intended for application-specific applications.  .
	E. BACnet/BACnet Standard: BACnet communication requirements as defined by ASHRAE/ANSI 135-2004.
	F. BACnet Interoperability Building Blocks (BIBB): A BIBB defines a small portion of BACnet functionality that is needed to perform a particular task.  BIBBS are combined to build the BACnet functional requirements for a device in a specification.
	G. Binding: In the general sense, binding refers to the associations or mappings of the sources network variable and their intended opr required destinations.
	H. Building Automation System (BAS): The entire integrated management and control system
	I. Building Controller (BC): A fully programmable device capable of carrying out a number of tasks including control and monitoring via direct digital control (DDC) of specific systems, acting as a communications router between the LAN backbone and su...
	J. Change of Value (COV): An event that occurs when a measured or calculated analog value changes by a predefined amount (ASHRAE/ANSI 135-2004).
	K. Client: A device that is the requestor of services from a server. A client device makes requests of and receives responses from a server device.
	L. Continuous Monitoring: A sampling and recording of a variable based on time or change of state (e.g. trending an analog value, monitoring a binary change of state).
	M. Controller or Control Unit (CU): Intelligent stand-alone control panel.  Controller is a generic reference and shall include BCs, AACs, and ASCs as appropriate.
	N. Control Systems Server (CSS): This shall be a computer (or computers) that maintains the systems configuration and programming database.  This may double as an operator workstation.
	O. Direct Digital Control (DDC): Microprocessor-based control including Analog/Digital conversion and program logic
	P. Functional Profile: A collection of variables required to define a the key parameters for a standard application.  As this applies to the HVAC industry, this would include applications like VAV terminal, fan coil units, and the like.
	Q. Facility Maintenance Information Technology (FMIT):  Reference to the facility’s Information Technology department, responsible for providing and maintaining all OI hardware.
	R. Gateway (GTWY): A device, which contains two or more dissimilar networks/protocols, permitting information exchange between them (ASHRAE/ANSI 135-2004).
	S. Hand Held Device (HHD): Manufacturer’s microprocessor based device for direct connection to a Controller.
	T. LAN Interface Device (LANID): Device or function used to facilitate communication and sharing of data throughout the BAS
	U. Local Area Network (LAN): General term for a network segment within the architecture.  Various types and functions of LANs are defined herein.
	V. Local Supervisory LAN:  Ethernet-based LAN connecting Primary Controller LANs with each other and OWSs and CSSs.  See System Architecture below.  This LAN can function as the Primary Controlling LAN.
	W. Master-Slave/Token Passing (MS/TP): Data link protocol as defined by the BACnet standard.  (ASHRAE/ANSI 135-2004).
	X. Open Database Connectivity (ODBC): An open standard application-programming interface (API) for accessing a database developed.  ODBC compliant systems make it possible to access any data from any application, regardless of which database managemen...
	Y. Operator Interface (OI): A device used by the operator to manage the BAS including OWSs, POTs, and HHDs.
	Z. Operator Workstation (OWS): The user’s interface with the BAS system.  As the BAS network devices are stand-alone, the OWS is not required for communications to occur.
	AA. Point-to-Point (PTP):  Serial communication as defined in the BACnet standard.
	BB. Portable Operators Terminal (POT): Laptop PC used both for direct connection to a controller and for remote dial up connection.
	CC. Protocol Implementation Conformance Statement (PICS): A written document, created by the manufacturer of a device, which identifies the particular options specified by BACnet that are implemented in the device (ASHRAE/ANSI 135-2004).
	DD. Primary Controlling LAN:  High speed, peer-to-peer controller LAN connecting BCs and optionally AACs and ASCs.  Refer to System Architecture below.
	EE. Router: A device that connects two or more networks at the network layer.
	FF. Secondary Controlling LAN:  LAN connecting AACs and ASCs, generally lower speed and less reliable than the Primary Controlling LAN.  Refer to System Architecture below.
	GG. Server : A device that is a provider of services to a client. A client device makes requests of and receives responses from a server device.
	HH. SQL: Standardized Query Language, a standardized means for requesting information from a database.
	II. Smart Device: A control I/O device such as a sensor or actuator that can directly communicate with the controller network to which it is connected.  This differs from an ASC in that it typically deals only with one variable.
	JJ. University of Colorado at Boulder (UCB):  Owner of the facility.
	KK. UCB Ethernet:  Reference to the facility’s Information Technology network, used for normal business-related e-mail and Internet communication.  Internet-based network connecting multiple facilities with a central data warehouse and server, accessi...
	LL. XML (Extensible Markup Language): A specification developed by the World Wide Web Consortium.  XML is a pared-down version of SGML, designed especially for Web documents.  It allows designers to create their own customized tags, enabling the defin...

	1.08 FUNCTIONAL INTENT
	A. Throughout Sections 15950 {23 0900} through 15955 {23 0905}, the Sequences of Operation, and Section 15959 {23 0801} detailed requirements are specified, some of which indicate a means, method or configuration acceptable to meet that requirement.  ...

	1.09 SUBMITTALS
	A. Submit under provisions of Section {Insert Appropriate Section Number}.
	B. Electronic Submittals:  Control submittals and O&M information shall be provided in Adobe PDF or Microsoft Word format.  Preferably documents will be converted from their native electronic format directly to a preferred format.  Any documents scann...
	C. Qualifications:  Manufacturer, Installer, and Key personnel qualifications as indicated for the appropriate item above.  Include QA/QC plan for all phases (design, install, Cx, warranty) along with documentation of industry standard QA/QC practices...
	D. Product Data:  Submit manufacturer's technical product data for each control device, panel, and accessory furnished, indicating dimensions, capacities, performance and electrical characteristics, and material finishes.  Also include installation an...
	E. Shop Drawings:  Submit shop drawings for each control system, including a complete drawing for each air handling unit, system, pump, device, etc. with all point descriptors, addresses and point names indicated. Each shop drawing shall contain the f...
	1. System Architecture and System Layout:
	a) One-line diagram indicating schematic locations of all control units, workstations, LAN interface devices, gateways, etc.  Indicate network number, device ID, drawing reference number, and controller type for each control unit. All optical isolator...
	{Edit the following for the level of detail required, particularly with regard to open protocol application.  (i.e. Campus wide implementations of BACnet require higher levels of coordination)}  Indicate device instance and MAC address for each CU.  I...
	b) Provide floor plans on Adobe PDF software locating all control units, LAN interface devices, gateways, etc.  Include all WAN and LAN communication wiring routing, power wiring, power originating sources, and low voltage power wiring.  Wiring routin...
	{Edit the following for the level of detail required, particularly with regard to open protocol application.  (i.e. Campus wide implementations of BACnet require higher levels of coordination)} Indicate network number, device ID, address, device insta...

	2. Schematic flow diagram of each air and water system showing fans, coils, dampers, valves, pumps, heat exchange equipment and control devices. Include verbal description of sequence of operation.
	3. All physical points on the schematic flow diagram shall be indicated with names, descriptors, and point addresses identified as listed in the point summary table.
	4. With each schematic, provide a point summary table listing building number and abbreviation, system type, equipment type, full point name, point description, Ethernet backbone network number, network number, device ID, object ID (object type, insta...
	5. Label each control device with setting or adjustable range of control.
	6. Label each input and output with the appropriate range.
	7. Provide a Bill of Materials with each schematic.  Indicate device identification to match schematic and actual field labeling, quantity, actual product ordering number, manufacturer, description, size, voltage range, pressure range, temperature ran...
	8. Provide a Control Valve Schedule listing valve and actuator information including:  size, Cv, design flow, design pressure drop, manufacturer, model number, close off rating, control signal, etc.  Indicate normal positions of spring return valves.
	9. Provide a Control Damper Schedule listing damper and actuator information including:  size, material, blade arrangement, manufacturer, model number, control signal, etc.  Indicate normal positions of spring return dampers.
	10. Indicate all required electrical wiring.  Electrical wiring diagrams shall include both ladder logic type diagram for motor starter, control, and safety circuits and detailed digital interface panel point termination diagrams with all wire numbers...
	11. Provide details of control panels, including controls, instruments, and labeling shown in plan or elevation indicating the installed locations.  Provide panel layout drawing including power supply, control unit(s) and wiring terminals.
	12. Sheets shall be consecutively numbered.
	13. Each sheet shall have a title indicating the type of information included and the HVAC system controlled.
	14. Table of Contents listing sheet titles and sheet numbers.
	15. Provide a symbol legend and list of abbreviations.

	F. Open Protocol Information
	1. BACnet Systems:
	a) BACnet object description, object ID, and device ID, for each I/O point.
	b) Documentation for any non-standard BACnet objects, properties, or enumerations used detailing their structure, data types, and any associated lists of enumerated values.
	c) Submit PICS indicating the BACnet functionality and configuration of each controller.


	G. Control Logic Documentation
	1. Submit control logic program listings to document the control software of all control units.
	2. Include written description of each control sequence.
	3. Include test plan for each unique control program.
	4. Include control response, settings, setpoints, throttling ranges, gains, reset schedules, adjustable parameters and limits.

	H. Operation and Maintenance Materials:
	1. Submit documents under provisions of Section {Insert Appropriate Section Number}.  Documents shall be provided electronically as described above (1.10/B).
	2. Submit maintenance instructions and spare parts lists for each type of control device, control unit, and accessory.
	3. Include all submittals (product data, shop drawings, control logic documentation, hardware manuals, software manuals, installation guides or manuals, maintenance instructions and spare parts lists) in maintenance manual; in accordance with requirem...
	4. Submit BAS User’s Guides (Operating Manuals) for each controller type and for all workstation hardware and software and workstation peripherals.
	5. Submit BAS advanced Programming Manuals for each controller type and for all workstation software.

	I. Controls contractor shall provide University with all product line technical manuals and technical bulletins, to include new and upgraded products, by the same distribution channel as to dealers or branches throughout the warranty period of the pro...
	J. Manufacturers Certificates:  For all listed and/or labeled products, provide certificate of conformance.
	K. Product Warranty Certificates:  UCB shall approve all warranty start dates.  Coordinate and submit manufacturers product warranty certificates covering the hardware provided once approved.

	1.10 PROJECT RECORD DOCUMENTS
	A. Submit documents under provisions of Section {Insert Appropriate Section Number}.  Documentation shall be provided electronically as defined in section1.10/B above.
	B. Record copies of product data and control shop drawings updated to reflect the final installed condition.
	C. Record copies of approved control logic programming and database on CD/DVD.  Accurately record actual setpoints and settings of controls, final sequence of operation, including changes to programs made after submission and approval of shop drawings...
	D. Record copies of approved project specific graphic software on CD/DVD.
	E. Record copies shall include individual floor plans with controller locations with all interconnecting wiring routing including space sensors, LAN wiring, power wiring, low voltage power wiring.
	F. Provide record riser diagram showing the location of all controllers.

	1.11 SYSTEM ARCHITECTURE
	A. The system provided shall incorporate hardware resources sufficient to meet the functional requirements of these Specifications.  The Contractor shall include all items not specifically itemized in these Specifications that are necessary to impleme...
	B. The system shall be configured as a distributed processing network(s) capable of expansion as specified below.
	C. The system architecture shall consist of a Ethernet-based, wide area network (WAN), a single Local Area Network (LAN) or multi-leveled LANs that support BCs, AACs, ASCs, Operator Workstations (OWS), Smart Devices (SD), and Remote Communication Devi...
	1. UC WAN:  Internet-based network connecting multiple facilities with a central data warehouse and server, accessible via standard web-browser.  This is an existing infrastructure and contractor is not required to configure any components of this WAN...
	2. Local Supervisory LAN:  The Local Supervisory LAN shall be an Ethernet-based, 100 Mbps LAN connecting Primary Control LANs and OWSs.  The LAN serves as the inter-BC gateway and OWS-to-BC gateway and communications path. Contractor shall provide thi...
	The following specifies a typical BACnet system
	The higher level layers of this network shall be BACnet as described below:
	a) BACnet Supervisory LAN:  BACnet/IP as defined in Addendum A (Annex J) of the BACnet standard, and shall share a common network number for the Ethernet backbone, as defined in BACnet.  Point/Object naming conventions are specified in 15955 {23 0905}...

	3. Primary Controller LAN (‘Primary LAN’):  High-speed, peer-to-peer communicating LAN used to connect AACs, ASCs and Building Controllers (BCs) and communicate exclusively control information.  Acceptable technologies include:
	a) Ethernet (IEEE802.3)

	4. Secondary Controller LAN (‘Secondary LAN’):  Network used to connect AACs, ASCs or SDs.  These can be Master Slave/ Token Passing or polling, in addition to those allowed for Primary Controller LANs.  Network speed vs. the number of controllers on ...

	D. Dynamic Data Access: Any data throughout any level of the network shall be available to and accessible by all other devices, Controllers and OWS, whether directly connected or connected remotely.
	E. Remote Data Access:  Coordinate remote access connectivity with FMIT (Facilities Management Information Technology) department. The system shall support the following methods of remote access to the building data.
	1. Browser-based access:  A remote user using a standard browser shall be able access all control system facilities and graphics with proper password.  UC shall provide the required internet connection.  The following paradigms are acceptable for brow...
	a) Native Internet-based user interfaces (HTML, Java, XML, etc.) that do not require a plug-in.  The user interface must be compatible with the most current stable version of the supporting software (Java, etc.) without requiring the user to downgrade...


	F. The communication speed between the controllers, LAN interface devices, and operator interface devices shall be sufficient to ensure fast system response time under any loading condition.  In no case shall delay times between an event, request, or ...
	1. 5 seconds between a Level 1 (critical) alarm occurrence and enunciation at operator workstation.
	2. 10 seconds between a Level 2 alarm occurrence and enunciation at operator workstation.
	3. 20 seconds between and a Level 3-5 alarm occurrence and enunciation at operator workstation.
	4. 10 seconds between an operator command via the operator interface to change a setpoint and the subsequent change in the controller.
	5. 5 seconds between an operator command via the operator interface to start/stop a device and the subsequent command to be received at the controller.
	6. 10 seconds between a change of value or state of an input and it being updated on the operator interface.
	7. 10 seconds between an operator selection of a graphic and it completely painting the screen and updating at least 10 points.

	G. Control Systems Server (CSS): This shall be a computer (or computers) that maintain the systems configuration and programming database.  This server may operate virtually under the supervision of FMIT.  It shall hold the backup files of the informa...
	H. The Operator Interface shall provide for overall system supervision, graphical user interface, management report generation, alarm annunciation, and remote monitoring.  Refer to Section 15952 {23 0902} – BAS Operator Interfaces.
	I. The BCs, AACs, ASCs, and SDs shall monitor, control, and provide the field interface for all points specified.  Each BC, AAC, or ASC shall be capable of performing all specified energy management functions, and all DDC functions, independent of oth...
	J. Interruptions or fault at any point on any Primary Controller LAN shall not interrupt communications between other nodes on the network.  If a LAN is severed, two separate networks shall be formed and communications within each network shall contin...
	K. All line drivers, signal boosters, and signal conditioners etc. shall be provided as necessary for proper data communication.

	1.12 WARRANTY MAINTENANCE
	A. Contractor shall warrant all products and labor for a period of two years after Final Acceptance by UCB.  Provide unit pricing for additional warranty years at discretion of UCB
	B. The University reserves the right to make changes to the BAS during the warranty period.  Such changes do not constitute a waiver of warranty.  The Contractor shall warrant parts and installation work regardless of any such changes made by the Univ...
	C. At no cost to the University, during the warranty period, the Contractor shall provide maintenance services for software and hardware components as specified below:
	1. Maintenance services shall be provided for all devices and hardware specified in sections 15951 {23 0913} through 15954 {23 0904}.  Service all equipment per the manufacturer’s recommendations.  All devices shall be calibrated within the last month...
	2. Emergency Service: Any malfunction, failure, or defect in any hardware component or failure of any control programming that would result in property damage or loss of comfort control shall be corrected and repaired following notification by the Uni...
	a) Response by telephone to any request for service shall be provided within one (1) hour of the University's initial telephone request for service.
	b) In the event that the malfunction, failure, or defect is not corrected through the telephonic communication, at least one (1) hardware and software technician, trained in the system to be serviced, shall be dispatched to the University's site withi...

	3. Normal Service: Any malfunction, failure, or defect in any hardware component or failure of any control programming that would not result in property damage or loss of comfort control shall be corrected and repaired following telephonic notificatio...
	a) Response by telephone to any request for service shall be provided within two (2) working hours (contractor specified 40 hr per week normal working period) of the University's initial telephone request for service.
	b) In the event that the malfunction, failure, or defect is not corrected through the telephonic communication, at least one (1) hardware and software technician, trained in the system to be serviced, shall be dispatched to the University's site withi...

	4. Telephonic Request for Service:  Contractor shall specify a maximum of three telephone numbers for University to call in the event of a need for service.  At least one of the lines shall be attended at any given time at all times.  Once contacted a...
	5. Technical Support:  Contractor shall provide technical support by telephone throughout the warranty period.
	6. Preventive maintenance shall be provided throughout the warranty period in accordance with the hardware component manufacturer's requirements.


	1.13 DELIVERY, STORAGE, AND HANDLING
	1.14 LISTING AND LABELING
	A. The BAS and components shall be listed by Underwriters Laboratories (UL 916) as an Energy Management System.
	B. The BAS shall be listed by Underwriters Laboratories (UUKL 864) for supervised smoke control.


	Part II. PART 2 - PRODUCTS
	2.01 MATERIALS AND EQUIPMENT
	A. Materials shall be new, the best of their respective kinds without imperfections or blemishes and shall not be damaged in any way.  Used equipment shall not be used in any way for the permanent installation except where drawings or specs specifical...

	2.02 UNIFORMITY
	A. To the extent practical, all equipment of the same type serving the same function shall be identical and from the same manufacturer


	Part III. PART 3 - EXECUTION
	3.01 INSPECTION
	A. Examine areas and conditions under which control systems are to be installed.  Do not proceed with work until unsatisfactory conditions have been corrected in manner acceptable to Installer.

	3.02 INSTALLATION OF CONTROL SYSTEMS
	A. General:  Install systems and materials in accordance with manufacturer's instructions, roughing-in drawings and details shown on drawings.
	B. Refer to additional requirements in other sections of this specification.

	3.03 CONTROL PANELS, CONTROLLER QUANTITY AND LOCATION
	A. Control panels shall consist of one or multiple controllers to meet requirements of this specification.  Control panels shall be wall mounted within mechanical equipment rooms.  In no case shall panels, other than terminal unit controllers, be loca...
	B. Restrictions in applying controllers are specified in Section 15953 {23 0903}: BAS Field Panels.  This Contractor shall extend power to the control panel from an acceptable power panel. If the control contractor wishes to further distribute panels ...
	C. It is the Contractor's responsibility to provide enough controllers to ensure a completely functioning system, according to the point list and sequence of operations.
	D. For rooftop AHUs and ERUs, controllers rated for use outside the building envelope shall be mounted inside the unit casings.  If adequate space is not available for installation of the controllers per the manufacturer’s recommendations, they shall ...
	E. Controllers for terminal equipment:
	1. For equipment located in the conditioned space, controllers shall be mounted inside the unit enclosure.  Where sufficient mounting space is not available inside the unit enclosure, a control panel shall be installed above the drop ceiling, inside t...
	2. For equipment located above the drop ceiling, controllers shall be unit mounted.  (Notify UCB if 36” clearance in front of control panel has not or cannot be provided.)  Provide adhesive backed ceiling labels, affixed to ceiling grid below all ceil...

	F. Laminated control drawings, including system control schematics, sequences of operation and panel termination drawings, shall be provided in panels for major pieces of equipment.  Terminal unit drawings shall be located in the central plant equipme...

	3.04 SURGE PROTECTION
	A. The Contractor shall furnish and install any power supply surge protection, filters, etc. as necessary for proper operation and protection of all BCs, AAC/ASCS operator interfaces, printers, routers, gateways and other hardware and interface device...

	3.05 DEMOLITION AND REUSE OF EXISTING MATERIALS AND EQUIPMENT {Include and edit if applicable}
	A. Contractor shall assume that existing equipment that specifically is indicated to be reused is in good condition and is operable.  Coordinate with UCB for clarification of reusable equipment.  Contractor, during the course of work, shall inspect th...
	B. Existing wire, conduit, and control panel cabinets may be reused at the University Project Engineer’s discretion, but only if such materials or equipment comply with the applicable specification for new materials and equipment.  Such materials shal...
	C. Where such materials are reused, the contractor’s shop drawings shall reflect the existing wiring designation.  If existing labeling is illegible or otherwise does not comply with the applicable specification for labeling, wiring runs shall be rela...
	D. Existing pneumatic tubing and tubing conduit located between the existing BAS panels and the pneumatic operators may be reused as long as such materials comply with the applicable specification for new materials. Materials shall not be reused if vi...
	E. The existing pneumatic main air supply system shall be modified as required and reused to serve existing pneumatic controls that are to remain, and shall be extended as necessary to serve new pneumatic controls.  Where existing pneumatic controls a...
	F. Existing valves and dampers and their operators may be reused only when preapproved by University.  Contractor shall lubricate all damper linkages of dampers being controlled under this project.
	G. Other materials and equipment not specifically mentioned herein may be reused only if specifically allowed by indications on the drawings and approved by UCB.
	H. For HVAC systems which are indicated to receive a new BAS, all existing materials and equipment associated with the existing pneumatic controls and EMCS shall be removed unless otherwise specified or indicated to remain, or unless reused in accorda...
	1. Conduit and electrical boxes (but not wiring within conduit) may remain in place if not reused (leave a pull line);
	2. Inaccessible pneumatic tubing may remain in place if not reused.  Tubing must be sealed and permanently labeled as “Abandoned in Place”.

	Existing materials and equipment to be removed shall be removed subject to the requirements in paragraph “Sequence of Work”. For HVAC systems, which are not to receive a new DDC BAS, the existing pneumatic control system shall remain fully functional.

	3.06 SEQUENCE OF WORK For Existing Systems Conversion
	A. General:  All work involving changeover of control functions from existing pneumatic control system to the new DDC BAS shall be performed in accordance with the following sequence in order to minimize the duration of equipment outages.  The followi...
	B. Install operator’s terminal, peripherals, graphic software, and LAN prior to placing any equipment under the control of the new BAS.
	C. Work which requires shutting down a pump motor, fan motor, or chiller shall be considered a utility shutdown and shall be subject to the restrictions specified in UCB’s power outage protocol “UCB Outage Notification Protocol”.
	D. The following sequence applies to an individually controlled HVAC subsystem, such as an air handling unit.  Only one such system shall be placed under manual control (as described below) at any given time.
	1. Install controllers adjacent to (or within) existing control panel.  Programming shall be complete (except for loading and debugging) prior to installation.  Install all field devices, which do not require interruption of the existing control syste...
	2. Install all conduit, wiring, and pneumatic tubing which does not require interruption of the existing control system.
	3. Remove existing controls including wiring, conduit, and tubing (except materials to be reused in accordance with provisions specified elsewhere) which must be removed to facilitate installation of new BAS materials and equipment.
	4. Remove existing digital control system points (if applicable).  Install and calibrate remainder of new BAS materials and equipment for this subsystem.  Load controller software.  Connect controller(s) to LAN.
	5. Perform all field testing and calibration that does not require connection of permanent pneumatic outputs.
	6. Remove remaining existing pneumatic and digital control system materials and equipment (except materials to be reused in accordance with provisions specified elsewhere).  All existing digital controls equipment for those subsystems that have not ye...
	7. Schedule work in University occupied spaces 10 working days in advance with the University’s representative.  Scheduling shall not be required for work in equipment rooms, electrical closets, and similar service areas.


	3.07 CONTROL POWER SOURCE AND SUPPLY
	A. Section 15950 {23 0900} Contractor shall extend all power source wiring required for operation of all equipment and devices provided under Sections 15950 {23 0900} through 15955 {23 0905} and Sequences of Operation.
	B. General requirements for obtaining power include the following:
	1. All control panels shall be served by dedicated power circuits.  BC control panels shall additionally be provided with external UPS power supplies to meet the requirements for BC power failure operation in Section 15954 {23 0904}.  Control panel sh...
	2. Where a controller controls multiple systems on varying levels of power reliability (normal, emergency, and/or interruptible), the controller shall be powered by the highest level of reliability served.
	3. Standalone Functionality:  Refer to Section 15953 {23 0903}.
	4. Obtain power from a source that feeds the equipment being controlled such that both the control component and the equipment are powered from the same panel.  Where equipment is powered from a 460V source, obtain power from the electrically most pro...
	5. Where control equipment is located inside a new equipment enclosure, coordinate with the equipment manufacturer and feed the control with the same source as the equipment.  If the equipment’s control transformer is large enough and of the correct v...


	3.08 BAS Start Up, Commissioning and Training
	A. Refer to Section 15959 {23 0801} – BAS Commissioning

	3.09 SEQUENCE OF OPERATION
	A. Refer to Section 15958 {23 0993} - Sequences of Operation


	M15951 – BAS BASIC MATERIALS, INTERFACE DEVICES, AND SENSORS
	Part I. PART 1 - GENERAL
	1.01 SECTION INCLUDES
	A. [Pneumatic Tubing]
	B. Wiring
	C. Control Valves and Actuators
	D. Control Dampers and Actuators
	E. Control Panels
	F. Sensors
	G. Flow Meter
	H. [Pneumatic Control Components (Gauges, switches, relays, etc.)]
	I. Electric Control Components (Switches, EP Valves, Thermostats, Relays, Smoke Detectors, etc.)
	J. Transducers
	K. Air Flow Measuring Stations
	L. Current Switches
	M. Nameplates
	N. Testing Equipment

	1.02 RELATED DOCUMENTS
	A. Section {Insert Applicable Specification Section} - Basic Mechanical Requirements
	B. Section 15950 - Building Automation System (BAS) General
	C. Section 23 0900 – Building Automation System (BAS) General
	D. Section 15952 - BAS Operator Interfaces
	E. Section 23 0902 - BAS Operator Interfaces
	F. Section 15953 - BAS Field Panels
	G. Section 23 0903 - BAS Field Panels
	H. Section 15954 - BAS Communications Devices
	I. Section 23 0904 - BAS Communication Devices
	J. Section 15955 - BAS Software
	K. Section 23 0905 - BAS Software and Programming
	L. Section 15958 - Sequences of Operation
	M. Section 23 0993 - Sequences of Operation
	N. Section 15959 - BAS Commissioning
	O. Section 23 0801 - BAS Commissioning

	1.03 DESCRIPTION OF WORK
	A. Refer to Section 15950 {23 0900} for general requirements.
	B. Refer to other Division-15 sections for installation of instrument wells, valve bodies, and dampers in mechanical systems; not work of this section.
	C. Provide the following electrical work as work of this section, complying with requirements of Division-16 sections:
	1. Control wiring between field-installed controls, indicating devices, and unit control panels.
	2. Interlock wiring between electrically interlocked devices, sensors, and between a hand or auto position of motor starters as indicated for all mechanical and controls.
	3. Wiring associated with indicating and alarm panels (remote alarm panels) and connections to their associated field devices.
	4. All other necessary wiring for fully complete and functional control system as specified.


	1.04 WORK BY OTHERS
	A. Control Valves furnished under this section shall be installed under the applicable piping section under the direction of Section 15951 {23 0913} Contractor who will be fully responsible for the proper operation of the valve.
	B. Control Dampers furnished under this section shall be installed under the applicable air distribution or air handling equipment section under the direction of Section 15951 {23 0913} Contractor who will be fully responsible for the proper operation...
	C. Water Pressure Taps, Thermal Wells, Flow Switches, Flow Meters, etc. that will have wet surfaces, shall be installed under the applicable piping Section under the direction of Section 15951 {23 0913} Contractor who will be fully responsible for the...
	D. Controlled Equipment Power Wiring shall be furnished and installed under Division 16.  Where control involves 120V control devices controlling 120V equipment, Division 16 Contractor shall extend power wiring to the equipment and control panel.  Sec...


	Part II. PART 2 – PRODUCTS
	2.01 MATERIALS AND EQUIPMENT
	A. General:  Provide electronic [pneumatic,] [and] [electric] control products in sizes and capacities indicated, consisting of valves, dampers, thermostats, clocks, controllers, sensors, and other components as required for complete installation and ...
	B. Instrument Pipe and Tube
	1. Hydronic and Instruments
	a) Connection to Main Piping:  Pipe fitter to provide ½ inch minimum size threadolet, ½” x 2 inch brass nipple, and ½” ball valve for connection to welded steel piping.  Provide tee fitting for other types of piping.
	b) Remote Instruments:  Adapt from ball valve to specified tubing and extend to remote instruments.  Provide a union or otherwise removable fitting at ball valve so that connection to main can be cleaned with straight rod. Where manifolds with test po...
	c) Line Mounted Instruments:  Extend rigid piping from ball valve to instrument.  Do not use close or running thread nipples.  Adapt from ball valve outlet to instrument connection size.  Provide a plugged tee if pipe makes 90 degree bend at outlet of...
	d) Instrument Tubing:  Seamless copper tubing, Type K or L, ASTM B 88; with cast-bronze solder joint fittings, ANSI B1.18; or wrought-copper solder-joint fittings, ANSI B16.22; or brass compression-type fittings.  Solder shall be 95/5 tin antimony, or...
	e) Rigid Piping for Line Mounted Instruments:  Schedule 40 threaded brass, with threaded brass fittings.

	2. Low Pressure Air Instrument Sensing Lines
	a) Connections:  Use suitable bulkhead type fitting and static sensing tip for static pressure connections.  Adapt tubing to instrument connection.
	b) Tubing:  Virgin polyethylene non-metallic tubing type FR, ASTM D 2737, and with flame-retardant harness for multiple tubing. Use compression or push-on brass fittings.


	C. Communication Wiring:  All wiring shall be in accordance with manufacturer’s requirements, National Electrical Codes and Division 16 of this specification.  All wire insulation shall be color-coded and labeled for ease of identification.
	1. Contractor shall supply all communication wiring between Building Controllers, Routers, Gateways, AAC’s, ASC’s and local and remote peripherals (e.g., operator workstations, printers, and modems).
	2. Local Supervisory LAN: For any portions of this network required under this section of the specification, contractor shall use Fiber or Category 5e of standard TIA/EIA (100/1000BaseT).  Network shall be run with no splices and in separate conduit f...
	3. Primary and Secondary Controller LANs: Communication wiring shall be individually 100% shielded pairs per manufacturers recommendations for distances installed, with overall PVC cover, Class 2, plenum-rated run with no splices and separate from any...

	D. Signal Wiring:  Contractor shall run all signal wiring in accordance with National Electric Codes, Division 16 of this Specification and within the allowances of UCB’s wiring guideline. All signal wire shall be ran in orange conduit for Andover Con...
	1. Signal wiring to all field devices, including, but not limited to, all sensors, transducers, transmitters, switches, etc. shall be per manufacturer’s requirements.  Signal wiring shall be run with no splices and separate from all other wiring above...
	2. Signal wiring shield shall be grounded at controller end only unless otherwise recommended by the controller manufacturer.

	E. Low Voltage Analog Output Wiring:  Contractor shall run all low voltage control wiring in accordance with National Electric Codes and Division 16 of this Specification.  All wire insulation shall be color-coded and labeled for ease of identification.
	1. Low voltage control wiring shall be per manufacturer’s requirements.  Low voltage control wiring shall be run with no splices separate from any wiring above thirty (30) volts.

	F. Control Panels:  Provide control panels with suitable brackets for wall mounting for each control system.  Locate panel adjacent to systems served.
	1. Fabricate panels of 16-gage furniture-grade steel, or 6063-T5 extruded aluminum alloy, totally enclosed on four sides, with hinged door and keyed lock, with manufacturer's standard shop- painted finish and color.
	2. Provide UL-listed cabinets for use with line voltage devices.
	3. Control panel shall be completely wired prior to delivery and all electrical connections made to a labeled terminal strip. Control panel shall have standard manufacturer's color.
	4. All gauges and control components shall be identified by means of nameplates.
	5. All control tubing and wiring shall be run neatly and orderly in open slot wiring duct with cover.
	6. Complete wiring and tubing termination drawings shall be mounted in or adjacent to panel.


	2.02 Control Valves
	A. General:  Provide factory fabricated control valves of type, body material and pressure class indicated.  They shall be two-way or three-way type for two-position or modulating service as scheduled, shown on drawings, or as specified in Sequence of...
	B. Close-Off (differential) Pressure Rating:  Valve actuator and trim shall be furnished to provide the following minimum close-off pressure ratings:
	1. Water Valves:
	a) Two-way - 150% of total system (pump) head.
	b) Three-way - 300% of pressure differential between ports A and B at design flow or 100% of total system (pump) head.

	2. Steam Valves:
	a) 150% of operating (inlet) pressure.


	C. Water Valves:  [The designer shall provide a schedule for the Controls Contractor listing the available pressure drop to be used for valve sizing for each control valve in the project, unless it is a reverse-return system.  It is not acceptable to ...
	1. Body and trim style and materials shall be per manufacturer's recommendations for design conditions and service shown, with equal percentage ports for modulating service, except where stated otherwise.
	2. Sizing Criteria:
	a) Two-position service:  Full port line size.
	b) Two-way modulating service:  Pressure drop across the valve in a wide-open position, with full flow through the valve, shall be equal to 50% of the available pressure differential between the mains, with a minimum of 4 psi.
	c) Three-way Modulating Service:  Pressure drop across the valve in a wide-open position, with full flow through the valve, shall be equal to twice the pressure drop through the heat exchanger (load), with a 3 psi minimum..

	3. Construction:
	a) Valves ½” through ¾” globe style serving terminal units, AHU coils and baseboard radiation shall be:
	1) Honeywell VP-525A or C series:

	b) Valves 1" and 1¼” for sequencing applications may be:
	c) Valves 1" through 8” globe style for control of differential pressure shall be:
	1) Siemens 200 series electric actuators or pre-approved equal.

	d) Valves 2" through 12” butterfly style for control of condenser water temperature (cooling tower bypass) shall be:
	1) Siemens 2-way butterfly assemblies with Siemens electric actuators or pre-approved equal.

	e) Valves 2" through 12” single butterfly style two-position or modulated applications shall be:
	1) Johnson VF Series Powers/Siemens BV2W Series with electric actuator or pre-approved equal.


	4. Water valves shall fail as specified in the Control Sequences section.
	5. Evaporative Cooler Drain and Fill Valves:
	a) Valve normal position shall be as shown on the drawings.

	6. For systems with glycol solutions, provide documentation that the valve components in contact with the fluid are compatible with it.

	D. Water Valves – Pressure Independent:
	1. Acceptable brands:
	a) Delta-P
	b) Belimo
	c) Danfoss


	E. Steam Valves:
	1. Body and trim materials shall be per manufacturer's recommendations for design conditions and service, except stainless steel seats are required for all applications. Equal percentage ports for modulating service.
	2. Sizing Criteria:
	a) Two-position Service - pressure drop 10 to 20% of inlet psig.
	b) Modulating Service - 15 psig or less.  Pressure drop 80% of inlet psig.
	c) Modulating Service - 16 to 50 psig.  Pressure drop 50% of inlet psig.
	d) Modulating Service - over 50 psig.  Pressure drop as scheduled on plans.

	3. Steam valves shall fail normally open or closed as scheduled on plans or as follows:
	a) Low pressure heating - normally open.
	b) Heating coils in air handlers - normally open.
	c) Steam-to-water converters for heating water - normally closed.
	d) Steam-to-water converters for domestic hot water - normally closed.
	e) High-pressure applications - as scheduled.

	4. Acceptable manufacturers as follows:
	a) Globe style; terminal units, baseboard radiation.
	1) ½” through ¾”; Honeywell VP-525A (N.O., 2-way).
	2) Siebe VB-9223 (N.C., 2-way).
	3) Powers 591/593 (N.O. or N.C. 2-way) series.

	b) Globe style; steam/water heat exchangers, AHU coils.
	1) 1” through 2”; Powers 591/593 series.
	2) 2 ½” through 4”; Powers 591/593 series, Fisher Easy-E series, Leslie Class DLOS-2 .

	c) Smart Steam Valves (for Mains): Keystone valves with Peaktronics DHC-100 series or pre-approved equal.



	2.03 Control Dampers
	A. General: Provide factory fabricated automatic control dampers of sizes, velocity and pressure classes as required for smooth, stable, and controllable air flow.  Provide parallel or opposed blade dampers as recommended by manufacturers sizing techn...
	B. For general isolation and modulating control service in rectangular ducts at velocities not greater than 1500 fpm (7.62 m/s), differential pressure not greater than 2.5” w.c. (622 Pa):
	1. Performance:  Test in accordance with AMCA 500.
	2. Frames:  Galvanized steel, 16-gauge minimum thickness, welded or riveted with corner reinforcement.
	3. Blades:  Stainless steel in lab exhausts and galvanized steel elsewhere, maximum blade size 8 inches (200 mm) wide by 48 inches (1219 mm) long, attached to minimum 1/2 inch (12.7 mm) shafts with set screws, 16 gauge minimum thickness.
	4. Blade Seals:  Synthetic elastomer, mechanically attached, field replaceable.
	5. Jamb Seals:  Stainless steel.
	6. Shaft Bearings:  Oil impregnated sintered bronze, graphite impregnated nylon sleeve or other molded synthetic sleeve, with thrust washers at bearings.
	7. Linkage:  Concealed in frame.
	8. Linkage Bearings:  Oil impregnated sintered bronze or graphite impregnated nylon.
	9. Leakage:  Less than one percent based on approach velocity of 1500 ft./min. (7.62 m/s) and 1 inches wg. (249Pa).
	10. Maximum Pressure Differential:  2.5 inches wg. (622 Pa)
	11. Temperature Limits:  -40 to 200 F (-40 to 93 C).
	12. Where opening size is larger than 48 inches (1219 mm) wide, or 72 inches (1829 mm) high, provide dampers in multiple sections, with intermediate frames appropriate for installation.

	C. For general isolation and modulating control service in rectangular ducts at velocities not greater than 4000 fpm (20.3 m/s), differential pressure not greater than 6” w.c. (1493 Pa):
	1. Performance:  Test in accordance with AMCA 500.
	2. Frames:  Galvanized steel, 16-gauge minimum thickness, welded or riveted with corner reinforcement.
	3. Blades:  extruded aluminum hollow airfoil shape, maximum blade size 8 inches (200 mm) wide by 48 inches (1219 mm) long, attached to minimum 1/2 inch (12.7 mm) shafts, 14 gauge minimum extrusion thickness.
	4. Blade Seals:  Synthetic elastomeric, mechanically attached, field replaceable.
	5. Jamb Seals:  Stainless steel.
	6. Shaft Bearings:  Oil impregnated sintered bronze sleeve, graphite impregnated nylon sleeve, molded synthetic sleeve, or stainless steel sleeve, with thrust washers at bearings.
	7. Linkage: Concealed in frame.
	8. Linkage Bearings:  Oil impregnated sintered bronze or graphite impregnated nylon.
	9. Leakage:  Less than 0.1 percent based on approach velocity of 4000 ft./min. (20.3 m/s) and 1 inches wg. (249Pa).
	10. Maximum Pressure Differential:  6 inches wg. (622 Pa)
	11. Temperature Limits:  -40 to 200 F (-40 to 93 C).
	12. Where opening size is larger than 48 inches (1219 mm) wide, or 72 inches (1829 mm) high, provide dampers in multiple sections, with appropriately intermediate frames.

	D. For general isolation and modulating control service in rectangular ducts at velocities not greater than 4000 fpm, differential pressure not greater than 12” w.c.:
	1. Performance:  Test in accordance with AMCA 500.
	2. Frames:  Galvanized steel, 12-gauge minimum thickness, welded or riveted with corner reinforcement.
	3. Blades:  Extruded aluminum hollow airfoil shape, maximum blade size 8 inches (200 mm) wide by 48 inches (1219 mm) long, attached to minimum 3/4 inch (19 mm) shafts with set screws
	4. Shaft Bearings:  Oil impregnated sintered bronze or stainless steel, pressed into frame, with thrust washers at bearings.
	5. Linkage:  10-gauge minimum thickness galvanized steel clevis type crank arms, 3/16” x3/4” (4.76 mm x 19 mm) minimum thickness tie rods.
	6. Linkage Bearings:  Oil impregnated sintered bronze or graphite impregnated nylon.
	7. Leakage:  Less than 0.2 percent based on approach velocity of 4000 ft./min. (20.3 m/s) and 1 inches wg. (249Pa) differential pressure.
	8. Maximum Pressure Differential:  12 inches wg. (2984 Pa)
	9. Temperature Limits:  -40 to 300 F (-40 to 149 C).
	10. Where opening size is larger than 48 inches (1219 mm) wide, or 72 inches (1829 mm) high, provide dampers in multiple sections, with appropriately intermediate frames, and jackshafts.

	E. For general isolation and modulating control service in round ducts up to 40 inches in size at velocities not greater than 2500 fpm (12.7 m/s), differential pressure not greater than 4” w.c. (994 Pa):
	1. Performance:  Test in accordance with AMCA 500.
	2. Frames:  rolled 12 gauge steel strip for sizes 6 inch and smaller, rolled 14 gauge steel channel for larger sizes, galvanized or aluminum finish.
	3. Blades:  Steel construction, 12 gauge minimum thickness for dampers less than 18 inches  (457 mm) in size, 10 gauge minimum thickness for larger dampers.
	4. Blade Seals:  Full circumference neoprene.
	5. Shaft:  ½ inch (12.7 mm) diameter zinc or cadmium plated steel.
	6. Shaft Bearings:  Oil impregnated sintered bronze or stainless steel, pressed into frame, with thrust washers at bearings.
	7. Leakage:  Less than 0.2 percent based on approach velocity of 4000 ft./min. (20.3 m/s) and 1 inches wg. (249Pa) differential pressure.
	8. Maximum Pressure Differential:  4 inches wg. (994 Pa)
	9. Temperature Limits:  -40 to 300 F (-40 to 149 C).

	F. For general isolation and modulating control service in round ducts up to 60 inches in size at velocities not greater than 4000 fpm (20.3 m/s), differential pressure not greater than 6” w.c. (1492 Pa):
	1. Performance:  Test in accordance with AMCA 500.
	2. Frames:  rolled 10-gauge steel channel for sizes 48 inch and smaller, rolled 3/16 inch (4.76 mm) thick steel channel for larger sizes, galvanized or aluminum finish.
	3. Blades:  Steel construction, 10-gauge minimum thickness for dampers not greater than 48 inches in size, ¼ inch (6.35 mm) minimum thickness for larger dampers.
	4. Blade stops:  ½ inch x ¼ inch (12.7 mm x 6.35 mm) full circumference steel bar.
	5. Blade Seals:  Full circumference neoprene.
	6. Shaft: zinc or cadmium plated steel, angle reinforcing as necessary.
	7. Shaft Bearings:  Oil impregnated sintered bronze or stainless steel, pressed into frame, with thrust washers at bearings.
	8. Leakage:  Less than 0.4 percent based on approach velocity of 4000 ft./min. (20.3 m/s) and 1 inches wg. (249Pa) differential pressure.
	9. Maximum Pressure Differential:  6 inches wg. (1492 Pa)
	10. Temperature Limits:  -40 to 250 F (-40 to 121 C).


	2.04 ACTUATORS
	A. General: Size actuators and linkages to operate their appropriate dampers or valves with a single actuator with sufficient reserve torque or force to provide smooth modulating action or 2-position action as specified.  Multiple actuators for any si...
	B. Damper Actuators
	1. Ambient Operating Temperature Limits: -10 to 150F (-12.2 to 66 C)
	2. Two Position Electric Actuators:  Low voltage or line voltage with spring return.
	a) Acceptable Manufacturers:
	1) Siemens
	2) Belimo
	3) Honeywell
	4) Johnson Controls
	5) Snyder Electric
	6) Substitutions:  or approved equal


	3. Electronic Actuators:  Provide actuators with spring return for two-position (24v), 0-5 Vdc, 0-10 Vdc, 2-10Vdc, 4-20 mA, or PWM input (subject to restrictions) as required.  Actuators shall travel full stroke in less than [90] seconds.  Actuators s...
	a) Close-Off Pressure: Provide the minimum torque required, and spring return for fail positioning (unless otherwise specifically indicated) sized for required close-off pressure.  Required close-off pressure for two-way water valve applications shall...
	b) Acceptable Manufacturers:  Subject to compliance with requirements approved manufacturers are as follows:
	1) Belimo
	2) Honeywell
	3) Invensys
	4) Johnson Controls
	5) Snyder Electric
	6) Substitutions: Must be pre-approved by UCB



	C. Quarter-Turn Actuators (for ball and butterfly valves):
	1. Electric
	a) Motor:  Suitable for 120 or 240 Volt single-phase power supply.  Insulation shall be NEMA Class F or better.  Motor shall be rated for 100 percent duty cycle.  Motors shall have inherent overload protection.
	b) Gear Train.  Motor output shall be directed to a self locking gear drive mechanism.  Gears shall be rated for torque input exceeding motor locked rotor torque.
	c) Wiring:  Power and control wiring shall be wired to a terminal strip in the actuator enclosure
	d) Failsafe Positioning:  Actuators shall be spring return type for failsafe positioning.
	e) Enclosure:  Actuator enclosure shall be NEMA-4 rated, and shall have a minimum of two threaded conduit entries.  Provide an enclosure heater for actuators located outside of buildings.
	f) Limit Switches:  Travel limit switches shall be UL and CSA approved.  Switches shall limit actuator in both open and closed positions.
	g) Mechanical Travel Stops:  The actuator shall include mechanical travel stops of stainless steel construction to limit actuator to specific degrees of rotation.
	h) Manual Override:  Actuators shall have manual actuator override to allow operation of the valve when power is off.  For valves 4 inches and smaller the override may be a removable wrench or lever or geared handwheel type.  For larger valves, the ov...
	i) Valve Position Indicator:  A valve position indicator with arrow and open and closed position marks shall be provided to indicate valve position.
	j) Torque Limit Switches:  Provide torque limit switches to interrupt motor power when torque limit is exceeded in either direction of rotation.
	k) Position Controller:  For valves used for modulating control, provide an electronic positioner capable of accepting 4-20 mA, 0-10 Vdc, 2-10 Vdc, and 135 Ohm potentiometer.
	l) Ambient Conditions:  Actuator shall be designed for operation from –140 to 150 (F ambient temperature with 0 to 100 percent relative humidity.
	m) Acceptable Manufacturers:
	1) Belimo
	2) Honeywell
	3) Siemens
	4) Snyder Electric
	5) Substitutions:  approved equal


	2. [Pneumatic Single- and Double-Acting Cylinder Type:
	a) Air Cylinder:  Shall consist of steel or aluminum cylinder, dual pistons, double rack and pinion gearing mechanism.  Housing shall be protected both internally and externally with corrosion resistant coating.  Actuator shall be equipped with piston...
	b) Position Indication:  Provide extended shaft position indicator that is removable for manual override of valve.
	c) Two-Position Actuators:  Provide appropriate three-way or four-way solenoid valve mounted on the actuator.  Solenoid valve electrical enclosure shall meet NEMA-4 requirements.  Provide actuator with position switches where required.
	d) Modulating Actuators:  Provide a rotary electronic positioner designed to accept 4-20 mA, 0-10 Vdc, 2-10 Vdc, or 135 Ohm potentiometer and operate integral 3-way or 4-way solenoid valve to position valve rotation angle as sensed by integral positio...



	2.05 GENERAL FIELD DEVICES
	A. Provide field devices for input and output of digital (binary) and analog signals into controllers (BCs, AACs, ASCs).  Provide signal conditioning for all field devices as recommended by field device manufacturers, and as required for proper operat...
	B. It shall be the Contractor's responsibility to assure that all field devices are compatible with controller hardware and software.
	C. Field devices specified herein are generally ‘two-wire’ type transmitters, with power for the device to be supplied from the respective controller.  If the controller provided is not equipped to provide this power, or is not designed to work with ‘...
	D. For field devices specified hereinafter that require signal conditioners, signal boosters, signal repeaters, or other devices for proper interface to controllers, Contractor shall furnish and install proper device, including 120V power as required....
	E. Accuracy: As stated in this Section, accuracy shall include combined effects of nonlinearity, non-repeatability and hysteresis.

	2.06 TEMPERATURE SENSORS (TS)
	A. Sensor range: When matched with A/D converter of BC, AAC/ASC, or SD, sensor range shall provide a resolution of no worse than 0.3 F (0.16 (C) (unless noted otherwise).  Where thermistors are used, the stability shall be better than 0.25 F over 5 ye...
	B. Matched Sensors:  The following applications shall require matched sensors:
	1. Building Loop Connections: Provide matched loop and building supply sensors where control sequence requires controlling to a temperature rise (differential).
	2. Hydronic Temperature Difference Calculations:  Provide matched supply and return temperature sensors where the pair is used for calculating temperature difference for use in load calculations or sequencing such as across chillers and plants.
	3. Air Handling Unit Sequencing:  Provide matched pair for the cooling and heating coil leaving sensors where the sequence includes calculating an offset from the supply air setpoint to maintain a leaving heating coil temperature.

	C. Room Temperature Sensor:  Shall be an element contained within a ventilated cover, suitable for wall mounting.  Provide insulated base.  Following sensing elements are acceptable:
	1. Sensing element shall be platinum RTD, thermistor, or integrated circuit, +/- 0.4 F accuracy at calibration point.
	2. Provide setpoint adjustment where indicated.  The setpoint adjustment shall be a warmer/cooler indication that shall be scalable via the BAS (initial range of +/- 2ºF).
	3. Provide an occupancy override button on the room sensor enclosure where indicated.  This shall be a momentary contact closure
	4. Provide current temperature indication via an LCD readout where indicated.

	D. Single-Point Duct Temperature Sensor: Shall consist of sensing element, junction box for wiring connections and gasket to prevent air leakage or vibration noise.  Temperature range as required for resolution indicated in paragraph A.  Sensor probe ...
	1. Sensing element shall be platinum RTD, thermistor, or integrated circuit, +/- 0.2 F accuracy at calibration point

	E. Averaging Duct Temperature Sensor: Shall consist of an averaging element, junction box for wiring connections and gasket to prevent air leakage.  Provide sensor lengths and quantities to result in one lineal foot of sensing element for each three s...
	1. Sensing element shall be platinum RTD, or thermistor, +/- 0.2 F accuracy at calibration point.

	F. Liquid immersion temperature sensor shall include brass thermowell, sensor and connection head for wiring connections. Temperature range shall be as required for resolution of 0.15(F.
	1. Sensing element shall be platinum RTD, thermistor, or integrated circuit, +/- 0.4 F accuracy at calibration point. Temperature range shall be as required for resolution of 0.3(F.

	G. [Pipe Surface-Mount Temperature Sensor:  Shall include metal junction box and clamps and shall be suitable for sensing pipe surface temperature and installation under insulation. Provide thermally conductive paste at pipe contact point. Temperature...
	1. Sensing element shall be platinum RTD, thermistor, or integrated circuit, +/- 0.4 F accuracy at calibration point.]

	H. Outside air sensors shall consist of a sensor, sun shield, utility box, and watertight gasket to prevent water seepage. Temperature range shall be as require for resolution indicated in Paragraph A
	1. Sensing element shall be platinum RTD, thermistor, or integrated circuit, +/- 0.4 F accuracy at calibration point.


	2.07 HUMIDITY TRANSMITTERS
	A. Units shall be suitable for duct, wall (room) or outdoor mounting.  Unit shall be two-wire transmitter utilizing bulk polymer resistance change or thin film capacitance change humidity sensor.  Unit shall produce linear continuous output of 4-20 mA...
	1. Input Range:  0 to 100% RH.
	2. Accuracy(% RH):  +/- 2% (when used for enthalpy calculation, dewpoint calculation or humidifier control) or +/- 3% (monitoring only) between 20-90% RH at 77 F, including hysteresis, linearity, and repeatability.
	3. Sensor Operating Range:  As required by application
	4. Long Term Stability:  Less than 1% drift per year.

	B. Acceptable Manufacturers:  Units shall be Vaisala HM Series.  Substitutions shall be allowed per Division 1.

	2.08 DIFFERENTIAL PRESSURE TRANSMITTERS (DP)
	A. General Purpose - Water: Two-wire transmitter, 4-20 mA output with zero and span adjustments.  Plus or minus 0.5% overall accuracy, 450 psig (3103 KPa) maximum static pressure rating, 200 psid maximum overpressure rating for 6 through 60 psid range...
	B. Industrial Application, Liquid, Steam and Gas:
	1. General: Two-wire smart DP cell type transmitter, 4-20 mA or 1-5 Vdc user-selectable linear or square root output, adjustable span and zero, stainless steel wetted parts.
	2. Environmental limits: –40 to 250 (F (-40 to 121(C), 0 to 100% RH..
	3. Accuracy:  less than 0.1 percent of span.
	4. Output Damping:  Time constant user selectable from 0 to 36 seconds.
	5. Vibration Effect:  Less than (0.1% of upper range limit from 15 to 2000 Hz in any axis relative to pipe mounted process conditions.
	6. Electrical Enclosure:  NEMA-4, -4X, -7, -9.
	7. Approvals:  FM, CSA.
	8. Acceptable Manufacturers:  Rosemount Inc. 3051 Series, Foxboro, Johnson-Yokagawa, Setra, or Mamac.  Substitutions shall be allowed per Division 1.

	C. General Purpose Low Pressure Air: Generally for use in static measurement of duct pressure or constant volume air velocity pressure measurement where the range is applicable.
	1. General: Loop powered two-wire differential capacitance cell-type transmitter.
	2. Output:  two wire 4-20 mA output with zero adjustment.
	3. Overall Accuracy:  Plus or minus 1%.
	4. Minimum Range:  0.1 in. w.c.
	5. Maximum Range:  10 inches w.c.
	6. Housing:  Polymer housing suitable for surface mounting.
	7. Acceptable Manufacturers:  Ashcroft, Modus T30. Substitutions shall be allowed per Division 1.
	8. Static Sensing Element:  Pitot-type static pressure sensing tips similar to Dwyer model A-301 and connecting tubing.
	9. Range:  Select for specified setpoint to be between 25% and 75% full-scale.

	D. General Purpose Low Pressure/Low Differential Air: Generally for use in static measurement of space pressure or constant volume air velocity pressure measurement where the range is applicable.
	1. General:  Loop powered, two-wire differential capacitance cell type transmitter.
	2. Output:  Two-wire 4-20 mA output with zero adjustment.
	3. Overall Accuracy:  Plus or minus 1%.
	4. Minimum Range:  0 in. w.c.
	5. Maximum Range:  0.1, 0.25, or 0.5 inches w.c.
	6. Housing:  Polymer housing suitable for surface mounting.
	7. Acceptable Manufacturers:  Ashcroft, Modus T30. Substitutions shall be allowed per Division 1.
	8. Static Sensing Element:  Pitot-type static pressure sensing tips similar to Dwyer model A-301 and connecting tubing.
	9. Range:  Select for specified setpoint to be between 25% and 75% full-scale.

	E. VAV Velocity Pressure: Generally for use in variable volume air velocity pressure measurement where the range is applicable.
	1. General:  Loop powered two-wire differential capacitance cell type transmitter.
	2. Output:  Two-wire, 4-20 mA output with zero adjustment.
	3. Overall Accuracy:  Plus or minus 0.25%
	4. Minimum Range:  0 in. w.c.
	5. Maximum Range:  1 inch w.c.
	6. Housing:  Polymer housing suitable for surface mounting.
	7. Acceptable Manufacturers:
	a) Ashcroft
	b) Modus
	c) Setra.
	d) Substitutions shall be allowed per Division 1.

	8. Range:  Select for minimum range that will accept the maximum velocity pressure expected.


	2.09 Valve Bypass for Differential Pressure Sensors
	A. Provide a three or five valve bypass kit for protection of DP sensors where the static on the pipe can cause on over pressure when connected to one port with the other at atmospheric pressure.  Kit shall include high and low pressure isolation valv...

	2.10 DIFFERENTIAL PRESSURE SWITCHES (DPS)
	A. General Service - Air: Diaphragm with adjustable setpoint and differential and snap acting form C contacts rated for the application. Provide manufacturer's recommended static pressure sensing tips and connecting tubing
	B. General Service - Water: Diaphragm with adjustable setpoint, 2 psig or adjustable differential, and snap-acting Form C contacts rated for the application.  60 psid minimum pressure differential range.  0(F to 160(F operating temperature range.

	2.11 PRESSURE SWITCHES (PS)
	A. Diaphragm or bourdon tube with adjustable setpoint and differential and snap-acting Form C contacts rated for the application.  Pressure switches shall be capable of withstanding 150% of rated pressure.
	B. Acceptable Manufacturers:  Square D, ITT Neo-Dyn, ASCO, Penn, Honeywell, and Johnson Controls.  Substitutions shall be allowed per Division 1.

	2.12 transducers
	A. Standard Capacity Electronic-to-Pneumatic (E-P) Transducers: E-P transducers shall be Voltage-to-Pneumatic (V-P) type, Current-to-Pneumatic (I-P) type:
	1. Electrical Power Supply:  24 Vac or 24 Vdc.
	2. Pneumatic Air Supply:  30 psig (2.07 bar) maximum.
	3. Air Capacity:  1100 scim @ 20 psig (300 cm3/sec @ 1.4 bar).
	4. Air Consumption:  Zero at steady state.
	5. Output Span:  0-20 psig (0-1.4 bar).
	6. Input: 4-20 mA, 0-5 Vdc, 1-5 Vdc, 0-10 Vdc, 2-10 Vdc, 0-15 Vdc, or 3-15 Vdc input.
	7. Enclosure:  Polymer designed for surface or panel mount.
	8. Air Connections:  ¼” (6.35 mm) barbed.
	9. Failure Mode on Power Loss:  Non-failsafe transducers shall have no output air loss.  Failsafe transducers shall exhaust output upon power loss.
	10. Acceptable Manufacturers:  Mamac EP-313-020, Johnson Controls.  Substitutions shall be allowed per Division 1


	2.13 phase-voltage-frequency monitor
	A. Provide with two (2) sets of alarm relay outputs:
	1. One monitored by the BAS
	2. One monitored by UCB

	B. Provide Motor Saver Model MS250A or equal.

	2.14 Current Switches (CS)
	A. Clamp-On Design Current Operated Switch (for Constant Speed Motor Status Indication)
	1. Range:  1.5 to 150 amps.
	2. Trip Point:  Adjustable.
	3. Switch:  Solid state, normally open, 1 to 135 Vac or Vdc, 0.3 Amps.  Zero off state leakage.
	4. Lower Frequency Limit:  6 Hz.
	5. Trip Indication:  LED
	6. Approvals:  UL, CSA
	7. Max. Cable Size:  350 MCM
	8. Acceptable Manufacturers: Veris Industries H-708/908; Inc., RE Technologies SCS1150A-LED.  Substitutions shall be allowed per Division 1.

	B. Clamp-on Wire Through Current Switch (CS/CR) (for Constant Speed Motors): Same as CS with 24v command relay rated at 5A @ 240 Vac resistive, 3A @ 240 Vac inductive, load control contact power shall be induced from monitored conductor (minimum condu...
	1. Where used for single-phase devices, provide the CS/CR in a self-contained unit in a housing similar with override switch to Kele RIBX.  Substitutions shall be allowed per Division 1.

	C. Clamp-On Design Current Operated Switch for Variable Speed Motor Status Indication
	1. Where VFD is utilized, run status off VFD.
	2. Range:  1.5 to 135 Amps.
	3. Trip Point:  Self-calibrating based on VA memory associated with frequency to detect loss of belt with subsequent increase of control output to 60 Hz.
	4. Switch:  Solid state, normally open, 1 to 135 Vac or Vdc, 0.3 Amps.  Zero off state leakage.
	5. Frequency Range:  5-75 Hz
	6. Trip Indication:  LED
	7. Approvals:  UL, CSA
	8. Max. Cable Size:  350 MCM
	9. Acceptable Manufacturers:  Veris Industries, Inc. H-904.  Substitutions shall be allowed per Division 1.

	D. Clamp-On Wire Through Current Switch (CS/CR) (for Variable Speed Motors): Same as CS with 24v command relay rated at 5A @ 240 Vac resistive, 3A @ 240 Vac inductive, load control contact power shall be induced from monitored conductor (minimum condu...
	E. Variable Speed Status:  Where current switches are used to sense the status for variable speed devices, the CT shall include on-board VA/Hz memory to allow distinction between a belt break and subsequent ramp up to 60 Hz, versus operation at low sp...

	2.15 CURRENT TRANSDUCER (CT)
	A. Clamp-On Design Current Transducer (for Motor Current Sensing)
	1. Range:  1-10 amps minimum, 20-200 amps maximum
	2. Trip Point:  Adjustable
	3. Output:  0-5 VDC.
	4. Accuracy:  (0.2% from 20 to 100 Hz.
	5. Acceptable Manufacturers:
	a) Veris # 7222, 822, 922
	b) Substitutions shall be allowed per Division 1.



	2.16 OUTDOOR AIR STATIC PRESSURE SENSING TIP
	A. Pressure sensor:  Pressure sensing tip shall be designed to minimize the effects of wind and resulting velocity pressure up to 80 mph.  Acceptable manufacturers shall be Dwyer A-306.  Substitutions shall be allowed per Division 1.
	B. Low Air Pressure Surge Dampener:  30-second time constant.  Acceptable manufacturer shall be Modus SD030.  Substitutions shall be allowed per Division 1.

	2.17 Continuous Level Transmitters
	A. Ultrasonic Type
	1. Provide a non-contacting, temperature compensating, narrow beam, ultrasonic type level transmitter with adjustable span and zero.
	2. Output: 4-20 mA.
	3. Transducer Materials:  PC/ABS, Polypropylene, PVC and/or Teflon.
	4. Electrical Enclosure:  NEMA-4X, -6.
	5. Approvals:  UL, CE or CSA.
	6. Accuracy:  (.5% of calibrated span.
	7. Acceptable Manufacturers:  Flowline EchoSpan, Princo Instruments, & Greyline.  Substitutions shall be allowed per Division 1.

	B. Capacitance Type
	1. Provide a loop powered, continuous capacitance type level transmitter with adjustable span and zero.
	2. Output: 4-20 mA.
	3. Probe:  Fluoropolymer coated stainless steel rod or cable.  Provide cable probe with end attachment hardware or weight.
	4. Electrical Enclosure:  NEMA-4, -7.
	5. Approvals:  UL or CSA.
	6. Accuracy:  (1% of calibrated span.
	7. Process Connection:  MPT or ANSI Flange as required.
	8. Acceptable Manufacturers:  Drexelbrook, Endress & Hauser.  Substitutions shall be allowed per Division 1.


	2.18 Insertion type turbine meter for water service
	A. Turbine Insertion Flow Meter sensing method shall be impedance sensing (iron magnetic and non-photoelectric), with volumetric accuracy of +/- 2% of reading over middle 80% of operating range, and +/- 4% of reading over the entire operating range.  ...
	1. Install in water systems with a minimum of 10 pipe diameters unobstructed flow.
	2. Acceptable Manufacturers: Onicon Corp. and Hersey.  Substitutions shall be allowed per Division 1.


	2.19 flow meter for steam
	A. Flow Computer:  KEP Supertrol II with MODBUS RTU Communication Card
	B. Maximum Fluid Temperature:  800 (F (427 (C)
	C. Wetted Parts:  Stainless Steel
	D. Housing:  NEMA 4X
	E. Turndown:  10:1 minimum.
	F. Accuracy:  1% of calibrated span
	G. Body:  Wafer style or ANSI flanged to match piping specification.
	H. Acceptable Manufacturers:  Veris Accelebar and Onicon Vortex.  Substitutions shall be allowed per Division 1.

	2.20 Vortex shedding flow meter for liquid and gas service
	A. Output:  4-20 mA, 0-10 Vdc, 0-5 Vdc
	B. Maximum Fluid Temperature:  800 (F (427 (C)
	C. Wetted Parts:  Stainless Steel
	D. Housing:  NEMA 4X
	E. Turndown:  10:1 minimum.
	F. Accuracy:  0.5% of calibrated span for liquids, 1% of calibrated span for gases.
	G. Body:  Wafer style or ANSI flanged to match piping specification.
	H. Acceptable Manufacturers:  Foxboro 83 series, Johnson-Yokagawa, and Rosemount.  Substitutions shall be allowed per Division 1.

	2.21 AIRFLOW MEASURING STATIONS (AFMS)
	A. Pitot Tube Grids:  Provide an array of velocity pressure sensing elements with averaging manifolds and air straightening vanes packaged in a sheet metal casing.  Distribute sensing elements in accordance with ASHRAE for traversing ducts.  Provide t...
	B. Vortex Shedding Grid:  Provide an array of vortex shedding elements designed to produce stable ‘Karmen Vortices’ that are linear with air velocity.  Provide the electronics to totalize the pulses and output average velocity proportional to an outpu...
	1. Sensor Accuracy:  ±1.5%
	2. Electronics Accuracy: ±0.5%
	3. Range: Select minimum range to accommodate the expected flow range of the project
	4. Temperature Limits: 20-140(F
	5. Acceptable Manufacturer: Tek-Air Systems Inc. ‘Vortek’ Model.  Substitutions shall be allowed per Division 1.


	2.22 Air Velocity Pressure Sensors (Insertion Type)
	A. Single or Multi-Point Averaging (as indicated): Sensing tip shall be for insertion into duct with mounting flange and push on tube connections.  Material shall be suitable to the application.

	2.23 CO2 Sensors/Transmitters (CO2)
	A. CO2 sensors shall use silicon based, diffusion aspirated, infrared single beam, dual-wavelength sensor.
	B. Accuracy: ±36ppm at 800 ppm and 68(F.
	C. Stability:  5% over 5 years.
	D. Output: 4-20 mA, 0-10 Vdc or relay.
	E. Mounting: Duct or Wall as indicated.
	F. Acceptable Manufacturer: Vaisala, Inc. GMD20 (duct) or GMW20 (wall).

	2.24 [PNEUMATIC CONTROL COMPONENTS
	A. Analog Pressure Gauges:  Gauges shall be pneumatic type, minimum 1-1/2" in (38 mm) diameter, with white face and black numerals.  Surface-mounted gauges shall have chrome plated trim and be a minimum of 2-1/2" in (64 mm ) diameter.
	B. Pneumatic Actuated Pressure Switches (PE) (for 30 psig max pressure control systems):  Pressure ranges and sensitivity of PEs shall match control system sequence of operation.  Switch operation shall be externally adjustable over the operating pres...
	C. Pilot Positioners: Operating span adjustment range is from 3 to 13 psi (21 to 91 kPa). Positioner shall be furnished with a mounting bracket for attachment directly to the actuator.]

	2.25 ELECTRIC CONTROL COMPONENTS
	A. Limit Switches (LS):  Limit switches shall be UL listed, SPDT or DPDT type, with adjustable trim arm.  Limit switches shall be as manufactured by Square D, Allen Bradley.  Substitutions shall be allowed per Division 1.
	B. [Electric Solenoid-Operated Pneumatic Valves (EP):  EP valves shall be rated for a minimum of 1.5 times their maximum operating static and differential pressure..  Valves shall be ported 2-way, 3-way, or 4-way and shall be normally closed or open a...
	1. Coil Enclosure:  Indoors shall be NEMA-1, Outdoors and NEMA-3, 4, 7, 9.
	2. Fluid Temperature Rating:  Valves for compressed air and cold water service shall have 150 (F (66 (C) minimum rating.  Valves for hot water or steam service shall have fluid temperature rating higher than the maximum expected fluid temperature.
	3. Acceptable Manufacturers:  EP valves shall be as manufactured by ASCO or Parker.  Substitutions shall be allowed per Division 1.
	4. Coil Rating:  EP valves shall have appropriate voltage coil rated for the application (i.e., 24 VAC, 120 VAC, 24 VDC, etc.).]

	C. Low Temperature Detector (‘Freezestat’) (FZ):  Low temperature detector shall consist of a ‘cold spot’ element which responds only to the lowest temperature along any one foot of entire element, minimum bulb size of 1/8" x 20' (3.2mm x 6.1m), junct...
	D. Surface-Mounted Thermostat:  Surface-mounted thermostat shall consist of SPDT contacts, operating temperature range of 50 to 150( F (10 to 65(C) , and a minimum 10(F fixed setpoint differential.
	E. Low Voltage Wall Thermostat:  Wall-mounted thermostat shall consist of SPDT sealed mercury contacts, operating temperature range of 50 to 90(F (10 to 32(C), switch rating of 24 Vac (30 Vac max.), and both manual and automatic fan operation in both ...
	F. Control Relays:  All control relays shall be UL listed, with contacts rated for the application, and mounted in minimum NEMA-1 enclosure for indoor locations, NEMA-4 for outdoor locations.
	1. Control relays for use on electrical systems of 120 volts or less shall have, as a minimum, the following:
	a) AC coil pull-in voltage range of +10%, -15% or nominal voltage.
	b) Coil sealed volt-amperes (VA) not greater than four (4) VA.
	c) Silver cadmium Form C (SPDT) contacts in a dustproof enclosure, with 8 or 11 pin type plug.
	d) LED pilot light indication of power-to-coil and coil retainer clips.
	e) Coil rated for 50 and 60 Hz service.
	f) Acceptable Manufacturers:  Relays shall be Potter Brumfield, Model KRPA.  Substitutions shall be allowed per Division 1.

	2. Relays used for across-the-line control (start/stop) of 120V motors, 1/4 HP, and 1/3 HP, shall be rated to break minimum 10 Amps inductive load.  Relays shall be IDEC. Substitutions shall be allowed per Division 1.
	3. Relays used for stop/start control shall have low voltage coils (30 VAC or less), and shall be provided with transient and surge suppression devices at the controller interface.

	G. General Purpose Power Contactors: NEMA ICS 2, AC general-purpose magnetic contactor. ANSI/NEMA ICS 6, NEMA type 1enclosure.  Manufacturer shall be Square 'D', Cutler-Hammer or Westinghouse.
	H. Control Transformers:  Furnish and install control transformers as required.  Control transformers shall be machine tool type, and shall be US and CSA listed.  Primary and secondary sides shall be fused in accordance with the NEC.  Transformer shal...
	1. Transformers shall be manufactured by:
	a) Westinghouse
	b) Square ‘D’
	c) Jefferson
	d) Veris x100, x040, x020
	e) Substitutions shall be allowed per Division 1.


	I. Time Delay Relays (TDR):  TDRs shall be capable of on or off delayed functions, with adjustable timing periods, and cycle timing light.  Contacts shall be rated for the application with a minimum of two (2) sets of Form C contacts, enclosed in a du...
	1. TDRs shall have silver cadmium contacts with a minimum life span rating of one million operations.  TDRs shall have solid state, plug-in type coils with transient suppression devices.
	2. TDRs shall be UL and CSA listed, Crouzet type.  Substitutions shall be allowed per Division 1.

	J. Electric Push Button Switch:  Switch shall be momentary contact, oil tight, push button, with number of N.O. and/or N.C. contacts as required.  Contacts shall be snap-action type, and rated for minimum 120 Vac operation.  Switch shall be 800T type,...
	K. Pilot Light:  Panel-mounted pilot light shall be NEMA ICS 2 oil tight, transformer type, with screw terminals, push-to-test unit, LED type, rated for 120 VAC.  Unit shall be 800T type, as manufactured by Allen-Bradley. Substitutions shall be allowe...
	L. Electric Selector Switch (SS):  Switch shall be maintained contact, NEMA ICS 2, oil-tight selector switch with contact arrangement, as required.  Contacts shall be rated for minimum 120 Vac operation.  Switch shall be 800T type, as manufactured by ...

	2.26 Refrigerant Monitor
	A. General: Contractor shall provide a refrigerant sensitive infrared-based stationary refrigerant gas leak monitor system designed to continuously measure refrigerants.  Refrigerant monitor shall be coordinated to detect {insert refrigerant types her...
	B. The refrigerant monitor shall be capable of monitoring multiple refrigerant gas compounds at multiple locations in concentrations of 0 PPM to a minimum of 1000 PPM.  The Monitor shall have a low range resolution of 1 PPM in the range of 1 PPM throu...
	C. The refrigerant monitor shall automatically and continuously monitor the areas through a sample draw type tubular pick up system with an internal pump and filter.  The installation of the monitoring control and the tubing shall be in strict accorda...
	D. The analyzer will be based on infrared detection technology, and will be factory tested and calibrated for the specified refrigerant or refrigerants.  Factory certification of the calibrations shall be provided with the O&M manuals. .  The analyzer...
	E. The monitor shall be equipped with 4 outputs.  Three relays shall energize at an adjustable user defined set point based on refrigerant concentration levels.  The relay threshold adjustment shall be protected by keyed or password access controls.  ...
	F. The monitor shall have a NEMA-4 moisture resistant enclosure with a gasketed, hinged front cover.  Conduits and tube connections shall be located on the bottom of the enclosure.  The enclosure shall have a rust and corrosion resistant finish.
	G. The following alarm modes will be provided by the refrigerant monitor:
	1. ALARM LEVEL ONE – Low level of refrigerant concentration at one of the sampling points has detected the presence of a possible refrigerant leak. The initial alarm threshold shall be set to 5 PPM (adj.) and increased if there are nuisance alarms.  T...
	2. ALARM LEVEL TWO – This alarm shall indicate that one of the sensors has detected a refrigerant concentration that is approaching dangerous levels in the area being monitored.  This alarm shall be set to 25% below the maximum calculated refrigerant ...
	3. ALARM LEVEL THREE – This alarm shall be set at the maximum calculated refrigerant level specified in ANSI/ASHRAE 15-1994 and ASHRAE 34-1992 whichever is the lowest concentration.  The refrigerant monitor interface will display which sensor has caus...

	H. All alarm conditions shall be report to the BAS system as follows:
	1. ALARM LEVEL ONE - The lowest refrigerant alarm level shall detect the presence of refrigerant in low concentrations and energize a relay to signal a low level alarm to the BAS operator terminal(s).  The alarm shall display an alarm message stating ...
	2. ALARM LEVEL TWO - The second refrigerant level alarm shall be a high refrigerant alarm alert.  This alarm shall energize a relay to signal the BAS system indicating a high level alarm on the BAS operator terminal(s).  This BAS alarm shall state tha...
	3. FAULT ALARM – Reports a high level alarm to the BAS operator terminal(s) that there is a fault in the refrigerant monitoring alarm system.


	2.27 [Smoke Control/Fireman’s Override Panel
	A. Integral enunciator/control panel part of complete engineered and UUKL 864 listed system.
	B. Provide clear, laminated graphic schematically representing the building air systems.  Status LEDs shall be associated with graphic representations of fans.  Override switches shall be provided as required by NFPA 110 to allow override of the fans ...
	C. Interface with Fire Alarm System (Simplex) as required to implement the requirements specified in the Sequence of Operations.]

	2.28 NAMEPLATES
	A. Provide engraved phenolic or micarta nameplates for all equipment, components, and field devices furnished.  Nameplates shall be 1/8 thick, black, with white center core, and shall be minimum 1" x 3", with minimum 1/4" high block lettering.  Namepl...
	B. Each nameplate shall identify the function for each device.
	C. For pump Variable Speed Drives (VSDs), provide an engraved nameplate at the VSD indicating the location of the controlling Remote Differential Pressure (RDP) transmitter(s).  Location shall include the ‘Plan’ room number as well as the actual ‘Buil...

	2.29 TESTING EQUIPMENT
	A. Contractor shall test and calibrate all signaling circuits of all field devices to ascertain that required digital and accurate analog signals are transmitted, received, and displayed at system operator terminals, and make all repairs and recalibra...


	Part III. PART 3 - EXECUTION
	3.01 INSPECTION
	A. Examine areas and conditions under which control systems are to be installed.  Do not proceed with work until unsatisfactory conditions have been corrected in manner acceptable to Installer.

	3.02 INSTALLATION OF CONTROL SYSTEMS
	A. General:  Install systems and materials in accordance with manufacturer's instructions, roughing-in drawings and details shown on drawings.  Install electrical components and use electrical products complying with requirements of National Electric ...
	B. [Main Control Air Piping:  All main air piping between the compressors and the control panels shall be copper, run per ASTM B88
	C. Branch Control Air Piping:  Accessible tubing is defined as that tubing run in mechanical equipment rooms; inside mechanical equipment enclosures, such as heating and cooling units, instrument panels; across roofs, in pipe chases, etc.  Inaccessibl...
	1. Provide copper tubing with maximum unsupported length of 3'-0", for accessible tubing run exposed to view. Polyethylene tubing may be used in lieu of above, when run within adequately supported, rigid enclosure, such as metallic raceways, or EMT.  ...
	2. Provide copper or polyethylene tubing for inaccessible tubing, other than in concrete pour.  If polyethylene tubing is used, install in EMT or vinyl-jacketed polyethylene tubing.
	3. Pressure test control air piping at 30 psi (207 kPa) for 24 hours. Test fails if more than 2 psi loss occurs.
	4. Fasten flexible connections bridging cabinets and doors, neatly along hinge side, and protect against abrasion. Tie and support tubing neatly.
	5. Number-code or color-code tubing, except local individual room control tubing, for future identification and servicing of control system.  Code shall be as indicated on approved installation drawings.]

	D. Control Wiring:  The term "control wiring" is defined to include providing of wire, conduit and miscellaneous materials as required for mounting and connection of electric control devices.
	1. Wiring System:  Install complete wiring system for electric control systems.  Conceal wiring except in mechanical rooms and areas where other conduit and piping are exposed.  Installation of wiring shall generally follow building lines.  Install in...
	2. Control Wiring Conductors:  Install control wiring conductors, without splices between terminal points, labeled with device served.  Install in neat workmanlike manner, securely fastened.  Install in accordance with National Electrical Code and Div...
	3. Communication wiring shall be run in separate conduit from all other wiring.  Signal wiring and low voltage control wiring shall be installed separate from any wiring over thirty (30) volts. Signal wiring shield shall be grounded at controller end ...
	4. All WAN and LAN Communication wiring shield shall be terminated as recommended by controller manufacturer. All WAN and LAN Communication wiring shall be orange jacketed and labeled with a network number, device ID at each termination and shall corr...
	5. All communications wiring shall be in conduit unless pre-approved by UCB.
	6. All low-voltage wiring external to control panels shall be in conduit, unless pre-approved.  Conduit type, sizing, and installation requirements shall conform to NEC and Division 16.
	The following only applies when a pre-approved exception to conduit has been granted.
	Installation of wiring shall generally follow building lines.  Run in a neat and orderly fashion, bundled where applicable, and completely suspended (strapped to rigid elements or routed through wiring rings) away from areas of normal access.  Tie and...
	7. Number-code or color-code conductors appropriately for future identification and servicing of control system.  Code shall be as indicated on approved installation drawings.  Preferred identification system: BRADY

	E. Control Valves:  Install so that actuators, wiring, [and tubing] connections are accessible for maintenance.  Where possible, install with valve stem axis vertical, with operator side up.  Where vertical stem position is not possible, or would resu...
	F. Freezestats: Install freezestats in a serpentine fashion where shown on drawing. Provide one foot of element for each square foot of coil face area.  Where coil face area exceeds required length of element, provide multiple devices, wired in parall...
	G. Space Temperature Sensors:  Sensors shall be located as indicated on drawings.
	1. Mount non-adjustable sensors with centerline 60" above finished floor.  Sensors with adjustable setpoints and/or override switches must be mounted 36” to 48” above finished floor; coordinate with UCB.
	2. Coordinate location of sensor with work of other trades so sensor does not conflict with or is obstructed by such items as blackboards, bleachers, bookcases, etc.
	3. Conceal all control wiring to sensors located in new finished spaces; the use of wiremold is prohibited.
	4. Thermostats located in Locker Rooms, Team Rooms, Storerooms, and Corridors shall be flush mounted type.

	H. Averaging Temperature Sensors: Cover no more than three square feet per linear foot of sensor length except where indicated.  Generally where flow is sufficiently homogeneous/adequately mixed at sensing location, consult AE for requirements.
	I. Airflow Measuring Stations: Install per manufacturer’s recommendations in an unobstructed straight length of duct (except those installations specifically designed for installation in fan inlet).  For installations in fan inlets, provide on both in...
	J. Fluid Flow Sensors:  Install per manufacturer’s recommendations in an unobstructed straight length of pipe.
	K. Relative Humidity Sensors:  Provide element guard as recommended by manufacturer for high velocity installations. For high limit sensors, position remote enough to allow full moisture absorption into the air stream before reaching the sensor.
	L. Differential Pressure Transmitters: Provide valve bypass arrangement to protect against over pressure damaging the transmitter.
	M. Flow Switches:  Where possible, install in a straight run of pipe at least 15 diameters in length to minimize false indications.
	N. Phase-Voltage-Frequency Monitor:  Electrical contractor shall provide and install.  Control contractor shall coordinate installation of control wiring with electrical contractor.
	O. Current Switches for Motor Status Monitoring:  Adjust so that setpoint is below minimum operating current and above motor no load current.
	P. Supply Duct Pressure Transmitters:
	1. General:  Install pressure tips with at least 4 ‘round equivalent’ duct diameters of straight duct with no takeoffs upstream.  Install pressure tips securely fastened with tip facing upstream in accordance with manufacturer’s installation instructi...
	2. VAV System ‘Down-Duct’ Transmitters:  Locate pressure tips approximately 2/3 of the hydraulic distance to the most remote terminal in the air system.  UCB must approve final location.

	Q. Test Ports:  Provide test ports in ductwork at each temperature and humidity sensor location to facilitate sensor calibration.  Test ports shall be 3/4” diameter minimum and accessible via a 2” x 4” junction box with insulated cover.
	R. Cutting and Patching Insulation:  Repair insulation to maintain integrity of insulation and vapor barrier jacket.  Use hydraulic insulating cement to fill voids and finish with material matching or compatible with adjacent jacket material.


	M15952- BAS Operator Interfaces
	Part I. PART 1 - GENERAL
	1.01 SECTION INCLUDES
	A. Operator Workstations
	B. Control System Servers
	C. Portable Operator Terminal

	1.02 RELATED DOCUMENTS
	A. 15510 - Basic Mechanical Requirements.
	B. 15950 - Building Automation System (BAS) General
	C. Section 23 0900 - Building Automation System (BAS) General
	D. 15951 - BAS Basic Materials, and Devices
	E. Section 23 0913 – BAS Basic Materials, Interface Devices, and Sensors
	F. 15953 - BAS Field Panel
	G. Section 23 0903 - BAS Field Panel
	H. 15954 - BAS Communications Devices
	I. Section 23 0904 - BAS Communication Devices
	J. 15955 - BAS Software and Programming
	K. Section 23 0905 - BAS Software and Programming
	L. 15958 – BAS Sequence of Operation
	M. Section 23 0993 - Sequences of Operation
	N. 15959 – BAS Commissioning
	O. Section 23 0801 - BAS Commissioning

	1.03 DESCRIPTION OF WORK
	A. Furnish and install software for Operator Interfaces and Control System Servers as required for the BAS functions specified.  All installed software shall be supported by the manufacturer for a period of two years after Substantial Completion at no...
	B. Refer to Section 15950 {23 0900} for general requirements.


	Part II. PART 2 - PRODUCTS
	2.01 OPERATOR WORKSTATION (OWS)
	A. Operator Workstation hardware and operating system will be provided and maintained by the University.  Contractor shall coordinate hardware and operating system requirements with FMIT to meet software and specification requirements.
	B. Operator Workstations shall be placed as follows and as indicated on the drawings or as directed by the University.

	2.02 Control System Server (CSS)
	A. Control System Server hardware and operating system will be provided and maintained by the University.  Contractor shall coordinate hardware and operating system requirements with FMIT to meet software and specification requirements.
	B. Control System Server shall be placed as follows and as indicated on the drawings or as directed by the University.

	2.03 PORTABLE OPERATORS TERMINAL (POT)
	A. Portable Operators Terminal hardware and operating system will be provided and maintained by the University.  Contractor shall coordinate hardware and operating system requirements with FMIT to meet software and specification requirements.


	Part III. PART 3 - EXECUTION
	3.01 INSTALLATION
	A. Install all software on the provided workstations and verify that the systems are fully operational.  Ensure licensing is provided for all software.
	B. No license, software component, key, etc or any piece of information required to install, configure, operate, diagnose and maintain the system shall be withheld from the University.
	C. Install electronic control system Operation and Maintenance Manuals, programming guides, network configuration tools, control shop drawings etc on each OWS and CSS.  Provide interface or shortcuts to guide user to the appropriate information.
	D. Set up portable operator terminal and configure it as a remote workstation.  Install all software and verify that the system is fully operational.
	E. Install systems and materials in accordance with manufacturer’s instructions.


	M15953 – BAS Field Panels
	1.01 SECTION INCLUDES:
	A. Building Controller (BC)
	B. Advance Application Specific Controller (AAC)
	C. Application Specific Controller (ASC)

	1.02 RELATED DOCUMENTS:
	A. Section {Insert Applicable Specification Section} - Basic Mechanical Requirements
	B. Section 15950 - Building Automation System (BAS) General – Refer to this section for definitions of terminology
	C. Section 23 0900 - Building Automation System (BAS) General
	D. Section 15951 - BAS Basic Materials, Interface Devices, and Sensors
	E. Section 23 0913 – BAS Basic Materials, Interface Devices, and Sensors
	F. Section 15952 - BAS Operator Interfaces
	G. Section 23 0902 - BAS Operator Interfaces
	H. Section 15954 - BAS Communications Devices
	I. Section 23 0904 - BAS Communication Devices
	J. Section 15955 - BAS Software
	K. Section 23 0905 - BAS Software and Programming
	L. Section 15958 - Sequence of Operation
	M. Section 23 0993 - Sequences of Operation
	N. Section 15959 - BAS Commissioning
	O. Section 23 0801 - BAS Commissioning

	1.03 DESCRIPTION OF WORK:
	A. Furnish and install DDC Control units and/or Smart Devices required to support specified building automation system functions.
	B. Refer to Section 15950 {23 0900} for general requirements.


	Part II. PART 2 - PRODUCTS
	2.01 Stand-Alone Functionality
	A. General: These requirements clarify the requirement for stand-alone functionality relative to packaging I/O devices with a controller.  Stand-alone functionality is specified with the controller and for each Application Category specified in Part 3...
	B. Functional Boundary: Provide controllers so that all points associated with and common to one unit or other complete system/equipment shall reside within a single control unit.  The boundaries of a standalone system shall be as dictated in the cont...
	C. The following configurations are considered acceptable with reference to a controller’s standalone functionality:
	1. Points packaged as integral to the controller such that the point configuration is listed as an essential piece of information for ordering the controller (having a unique ordering number).
	2. Controllers with processors and modular back planes that allow plug in point modules as an integral part of the controller.
	3. I/O point expander boards, plugged directly into the main controller board to expand the point capacity of the controller.
	4. I/O point expansion devices connected to the main controller board via wiring and as such may be remote from the controller and that communicate via a sub LAN protocol. These arrangements to be considered standalone shall have a sub LAN that is ded...
	a) Contained in the control panel enclosure;
	b) Or run in conduit.  Wiring shall only be accessible at the terminations.


	D. The following configurations are considered unacceptable with reference to a controller’s standalone functionality:
	1. Multiple controllers enclosed in the same control panel to accomplish the point requirement.


	2.02 Building Controller (BC)
	A. General Requirements:
	1. The BC(s) shall provide fully distributed control independent of the operational status of the OWSs and CSS.  All necessary calculations required to achieve control shall be executed within the BC independent of any other device.  All control strat...
	2. BCs shall perform overall system coordination, accept control programs, perform automated HVAC functions, control peripheral devices and perform all necessary mathematical and logical functions.  BCs shall share information with the entire network ...
	3. BCs shall be connected to a controller network that qualifies as a Primary Controlling LAN.
	4. All BCs shall be protected from any memory loss due to a loss of power by one or a combination of the following:
	a) Volatile RAM shall have a battery backup using a lithium battery with a rated service life of fifty (50) hours, and a rated shelf life of at least five years.  Self-diagnostic routine shall report an alarm for a low battery condition.
	b) EEPROM, EPROM, or NOVROM non-volatile memory

	5. In addition BCs may provide intelligent, standalone control of HVAC functions.  Each BC may be capable of standalone direct digital operation utilizing its own processor, non-volatile memory, input/output, wiring terminal strips, A/D converters, re...
	6. The BC may provide for point mix flexibility and expandability. This requirement may be met via either a family of expander boards, modular input/output configuration, or a combination thereof.  Refer to stand alone functionality specified above.
	7. All BC point data, algorithms and application software shall be modifiable from the Operator Workstation.
	8. Each BC shall execute application programs, calculations, and commands via a microprocessor resident in the BC.  The database and all application programs for each BC shall be stored in non-volatile or battery backed volatile memory within the BC a...
	9. BC shall provide buffer for holding alarms, messages, trends etc.
	10. Each BC shall include self-test diagnostics, which allow the BC to automatically alarm any malfunctions, or alarm conditions that exceed desired parameters as determined by programming input.
	11. Each BC shall contain software to perform full DDC/PID control loops.
	12. For systems requiring end-of-line resistors those resistors shall be located in the BC.
	13. Input-Output Processing
	a) Digital Outputs (DO):  Outputs shall be rated for a minimum 24 Vac or Vdc, 1 amp maximum current.  Each shall be configurable as normally open or normally closed.  Each output shall have an LED to indicate the operating mode of the output and [a ma...
	b) Analog Inputs (AI): AI shall be 0-5 Vdc, 0-10 Vdc, and 0-20 mA.  Provide signal conditioning, and zero and span calibration for each input. Each input shall be a discrete input to the BC’s board (multiplexing to a separate manufacturers board is un...
	c) Digital Inputs (DI): Monitor dry contact closures.  Accept pulsed inputs of at least one per second.  Source voltage for sensing shall be supplied by the BC and shall be isolated from the main board.
	d) Universal Inputs (UI-AI or DI): To serve as either AI or DI as specified above.
	e) Electronic Analog Outputs (AO): Voltage mode: 0-5 Vdc and 0-10 Vdc; Current mode: 4-20 mA.  Provide zero and span calibration and circuit protection.  Pulse Width Modulated (PWM) analog via a DO [and transducer] is acceptable only with University a...
	f) Pulsed Inputs: Capable of counting up to 8 pulses per second with buffer to accumulate pulse count.  Pulses shall be counted at all times.

	14. A communication port for operator interface through a terminal shall be provided in each BC.  It shall be possible to perform all program and database back-up, system monitoring, control functions, and BC diagnostics through this port.  Standalone...
	15. Each BC shall be equipped with loop tuning algorithm for precise proportional, integral, derivative (PID) control.  Loop tuning tools provided with the Operator Workstation software is acceptable.  In any case, tools to support loop tuning must be...
	16. All analog output points shall have a selectable failure setpoint.  The BC shall be capable of maintaining this failure setpoint in the event of a system malfunction, which causes loss of BC control, or loss of output signal, as long as power is a...
	17. Slope intercepts and gain adjustments shall be available on a per-point basis.
	18. BC Power Loss:
	a) Upon a loss of power to any BC, the other units on the primary controlling network shall not in any way be affected.
	b) Upon a loss of power to any BC, the battery backup shall ensure that the energy management control software, the Direct Digital Control software, the database parameters, and all other programs and data stored in the RAM are retained for a minimum ...
	c) Upon restoration of power within the specified battery backup period, the BC shall resume full operation without operator intervention.  The BC shall automatically reset its clock such that proper operation of any time dependent function is possibl...
	d) Should the duration of a loss of power exceed the specified battery back-up period or BC panel memory be lost for any reason, the panel shall automatically report the condition (upon resumption of power) and be capable of receiving a download via t...

	19. BC Failure:
	a) Building Controller LAN Data Transmission Failure:  BC shall continue to operate in stand-alone mode.  BC shall store loss of communication alarm along with the time of the event. All control functions shall continue with the global values programm...
	b) BC Hardware Failure:  BC shall cease operation and terminate communication with other devices.  All outputs shall go to their specified fail position.

	20. Each BC shall be equipped with firmware resident self-diagnostics for sensors and be capable of assessing an open or shorted sensor circuit and taking an appropriate control action (close valve, damper, etc.).
	21. BCs may include LAN communications interface functions for controlling secondary controlling LANs Refer to Section 15954 {23 0904} - BAS System Communications Devices for requirements if this function is packaged with the BC.
	22. BCs shall be mounted on equipment, in packaged equipment enclosures, or locking wall mounted in a NEMA 1 enclosure, as specified elsewhere.

	B. BACnet Building Controller Requirements:
	1. The BC(s) shall support all BIBBs defined in the BACnet Building Controller (B-BC) device profile as defined in the BACnet standard.
	2. BCs shall communicate over the BACnet Building Controller LAN.
	3. Each BC shall be connected to the BACnet Building Controller LAN communicating to/from other BCs.


	2.03 AdvanceD Application Specific Controller (AAC) and Application Specific Controller (AsC)
	A. General Requirements:
	1. AACs and ASCs shall provide intelligent, standalone control of HVAC equipment.  Each unit shall have its own internal RAM, non-volatile memory and will continue to operate all local control functions in the event of a loss of communications on the ...
	2. Each AAC and ASC shall include self-test diagnostics that allow the AAC /ASC to automatically relay to the BC, LAN Interface Device or workstation, any malfunctions or abnormal conditions within the AAC /ASC or alarm conditions of inputs that excee...
	3. AACs and ASCs shall include sufficient memory to perform the specific control functions required for its application and to communicate with other devices.
	4. Each AAC and ASC must be capable of stand-alone direct digital operation utilizing its own processor, non-volatile memory, input/output, minimum 8 bit A to D conversion, voltage transient and lightning protection devices.  All volatile memory shall...
	5. All point data; algorithms and application software within an AAC /ASC shall be modifiable from the Operator Workstation.
	6. AAC and ASC Input-Output Processing
	a) Digital Outputs (DO):  Outputs shall be rated for a minimum 24 VAC or VDC, 1 amp maximum current.  Each shall be configurable as normally open or normally closed.  Each output shall have an LED to indicate the operating mode of the output and [a ma...
	b) Analog Inputs (AI): AI shall be O-5 Vdc, 0-10Vdc, 0-20Vdc, and 0-20 mA.  Provide signal conditioning, and zero and span calibration for each input. Each input shall be a discrete input to the BC’s board (multiplexing to a separate manufacturers boa...
	c) Digital Inputs (DI): Monitor dry contact closures.  Accept pulsed inputs of at least one per second.  Source voltage for sensing shall be supplied by the BC and shall be isolated from the main board.  Software multiplexing of an AI and resistors ma...
	d) Universal Inputs (UI-AI or DI): To serve as either AI or DI as specified above.
	e) Electronic Analog Outputs (AO) as required by application: voltage mode, 0-5VDC and 0-10VDC; current mode (4-20 mA).  Provide zero and span calibration and circuit protection.  D/A converters shall have a minimum resolution of 8 bits.
	f) [Analog Output Pneumatic (AOP), 0-20 psi:  Pneumatic outputs via an I/P transducer or 0-10vdc to pneumatic transducer are acceptable. Multiplexed pneumatic outputs of a separate manufacturer are unacceptable.]


	B. BACnet AAC(s) and ASC(s) Requirements:
	1. The AAC(s) and ASC(s) shall support all BIBBs defined in the BACnet Building Controller (B-AAC and B-ASC) device profile as defined in the BACnet standard.
	2. AAC(s) and ASC(s) shall communicate over the BACnet Building Controller LAN or the ASC LAN or sub-LAN.
	3. Each BC shall be connected to the BACnet Building Controller LAN communicating to/from other BCs.

	C. Terminal Box Controllers:
	1. Terminal box controllers controlling damper positions to maintain a quantity of supply or exhaust air serving a space shall have an automatically initiated function that resets the volume regulator damper to the fully closed position on a scheduled...



	Part III. PART 3 - EXECUTION
	3.01 INSPECTION:
	A. Examine areas and conditions under which control systems are to be installed.  Do not proceed with work until unsatisfactory conditions have been corrected in manner acceptable to Installer.

	3.02 INSTALLATION OF CONTROL SYSTEMS:
	A. General:  Install systems and materials in accordance with manufacturer's instructions, specifications roughing-in drawings and details shown on drawings.  Contractor shall install all controllers in accordance with manufacturer’s installation proc...

	3.03 HARDWARE APPLICATION REQUIREMENTS
	A. General:  The functional intent of this specification is to allow cost effective application of manufacturers standard products while maintain the integrity and reliability of the control functions.  A Building Controller as specified above is gene...
	B. Standalone Capability:  Each Control Unit shall be capable of performing the required sequence of operation for the associated equipment.  All physical point data and calculated values required to accomplish the sequence of operation shall originat...
	C. Where associated control functions involve functions from different categories identified below, the requirements for the most restrictive category shall be met.
	D. Application Category 0 (Distributed monitoring)
	1. Applications in this category include the following:
	a) Monitoring of variables that are not used in a control loop, sequence logic, or safety.

	2. Points on BCs, AACs, and ASCs may be used in these applications as well as SDs and/or general-purpose I/O modules.
	3. Where these points are trended, contractor shall verify and document that the network bandwidth is acceptable for such trends and is still capable of acceptable and timely control function.

	E. Application Category 1 (Application Specific Controller):
	1. Applications in this category include the following:
	a) Fan Coil Units
	b) Airflow Control Boxes (VAV and Constant Volume Terminal Units)
	c) Misc. Heaters
	d) Unitary equipment <15 tons (Package Terminal AC Units, Package Terminal Heat Pumps, Split-System AC Units, Split-System Heat Pumps, Water-Source Heat Pumps)
	e) Induction Units
	f) Variable Speed Drive (VSD) controllers not requiring safety shutdowns of the controlled device.

	2. ASCs may be used in these applications.
	3. Standalone Capability:  Provide capability to execute control functions for the application for a given setpoint or mode, which shall generally be occupied mode control.  Only the following data (as applicable) may be acquired from other controller...
	4. Mounting:
	a) ASCs that control equipment located above accessible ceilings shall be mounted on the equipment in an accessible enclosure (36” clearance required) and shall be rated for plenum use.
	b) ASCs that control equipment mounted in a mechanical room may either be mounted in, on the equipment, or on the wall of the mechanical room at an adjacent, accessible location.
	c) ASCs that control equipment mounted outside or in occupied spaces shall either be located in the unit or in a proximate mechanical space.
	d) Section 15953 {23 0913} contractor may furnish ASCs to the terminal unit manufacturer for factory mounting.

	5. Programmability:  Operator shall be able to modify all setpoints (temperature and airflow), scheduling parameters associated with the unit, tuning and set up parameters, interstage timing parameters, and mode settings.  Application-specific block c...
	6. Network Restrictions:  Limit the number of nodes on the network to the maximum recommended by the manufacturer.

	F. Application Category 2 (General Purpose Terminal Controller)
	1. Applications in this category include the following:
	a) Unitary Equipment >= 15 tons (Air Conditioners, Heat Pumps, Packaged Heating/Cooling Units, and the like)
	b) Small, Constant Volume Single Zone Air Handling Units
	c) Constant Volume Pump Start/Stop
	d) Misc. Equipment (Exhaust Fan) Start/Stop
	e) Misc. Monitoring (not directly associated with a control sequence and where trending is not critical)
	f) Steam Converter Control

	2. BCs may be used in these applications.
	3. ASC’s may be used in these applications provided the ASC meets all requirements specified below.  This category requires a general-purpose ASC to which application-specific control algorithms can be attached.
	4. Standalone Capability:  Only the following data (as applicable) may be acquired from other ASCs via LANs.  In the event of a loss of communications with any other ASCs, or any fault in any system hardware that interrupts the acquisition of any of t...
	5. Mounting:
	a) ASCs that control equipment located above accessible (36” clearance required) ceilings shall be mounted on the equipment and shall be rated for plenum use.
	b) ASCs that control equipment located in occupied spaces or outside shall either be mounted within the equipment enclosure (responsibility for physical fit remains with the contractor) or in a near by mechanical/utility room in which case it shall be...

	6. Programmability:  Operator shall be able to modify all setpoints (temperature and airflow), scheduling parameters associated with the unit, tuning and set up parameters, interstage timing parameters, and mode settings.  Operator shall be able to ad...
	7. Network Restrictions:  Limit the number of nodes servicing any one of these applications on the AAC/ASC LAN to 32.

	G. Application Category 3 (Advanced Application Controller)
	1. Applications in this category include the following:
	a) Large Constant Volume Air Handlers
	b) VAV Air Handlers {generally >5,000 and <10,000cfm}
	c) Dual Duct Air Handlers {generally >5000 and < 10,000 cfm}
	d) Multizone Air Handlers
	e) Self Contained VAV Units

	2. BCs may be used in these applications.
	3. AAC’s may be used in these applications provided:
	a) The AAC’s meets all requirements specified below.
	b) All control functions and physical I/O associated with a given unit resides in one AAC.
	c) Input A/D is 10-bit.  Exception: 8-bit input A/D can be used when matched with high accuracy sensors, the range of which meets the resolution requirements specified for the applicable sensor in Section 15951 {23 0900}.
	d) Pulsed inputs required for the application can be monitored and accumulated effectively.

	4. Standalone Capability:  Only the following data (as applicable) may be acquired from other AACs via LANs. In the event of a loss of communications with any other AACs, or any fault in any system hardware that interrupts the acquisition of any of th...
	5. Mounting:
	a) AACs that control equipment located above accessible (36” clearance required) ceilings shall be mounted on the equipment and shall be rated for plenum use.
	b) AACs that control equipment located in occupied spaces or outside shall either be mounted within the equipment enclosure (responsibility for physical fit remains with the contractor) or in a near by mechanical/utility room in which case it shall be...

	6. Programmability:  Operator shall be able to modify all setpoints (temperature and airflow), scheduling parameters associated with the unit, tuning and set up parameters, interstage timing parameters, and mode settings.  Operator shall be able to ad...
	7. Network Restrictions: Each LAN which participates in the transfer of data between the CU and the local operator workstation shall be subject to the following criteria:
	a) Limit the number of nodes servicing any one of these applications on the AAC/ASC LAN to 16.
	b) The building controller LAN shall be subject only to manufacturer’s published LAN limitations.


	H. Application Category 4
	1. Applications in this category include the following:
	a) Central Cooling Plant
	b) Central Heating Plant
	c) Cooling Towers
	d) Sequenced or Variable Speed Pump Control
	e) Local Chiller Control (unit specific)
	f) Local Free Cooling Heat Exchanger Control
	g) Air Handlers over 10,000 cfm or serving critical areas

	2. BCs shall be used in these applications.


	3.04 NETWORK BANDWIDTH MANAGEMENT
	A. This section is designed to address the MS/TP networks within the DDC systems.  Information passed within the MS/TP network will greatly affect the overall performance of the building systems.  Scan times from the first controller to the last contr...
	B. Once the network is properly configured the contractor shall provide a network bandwidth analysis of the controller network.  The analysis shall document network bandwidth utilization does not exceed the requirements stated above for a continuous o...

	3.05 CONTROL UNIT REQUIREMENTS
	A. Refer to Section 15950 {23 0900} for requirements pertaining to control unit quantity and location.


	M15954 – BAS COMMUNICATION DEVICES
	Part I. PART 1 - GENERAL
	1.01 SECTION INCLUDES
	A. Network Connection
	B. Local Supervisory LAN Gateways/Routers
	C. Chiller Controls Interface Device (CID)

	1.02 RELATED DOCUMENTS:
	A. Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-1 Specification sections, apply to work of this section.
	B. Section 15010 - Basic Mechanical Requirements
	C. Section 15950 - Building Automation System (BAS) General
	D. Section 23 0900 - Building Automation System (BAS) General
	E. Section 15951 - BAS Basic Materials, Interface Devices, and Sensors
	F. Section 23 0913 – BAS Basic Materials, Interface Devices, and Sensors
	G. Section 15952 - BAS Operator Interfaces
	H. Section 23 0902 - BAS Operator Interfaces
	I. Section 15953 - BAS Field Panels
	J. Section 23 0903 - BAS Field Panels
	K. Section 15955 - BAS Software
	L. Section 23 0905 - BAS Software and Programming
	M. Section 15958 - Sequences of Operation
	N. Section 23 0993 - Sequences of Operation
	O. Section 15959 - BAS Commissioning
	P. Section 23 0801 - BAS Commissioning

	1.03 DESCRIPTION OF WORK
	A. Contractor shall provide all interface devices and software to provide an integrated system connecting BCs, AACs, ASCs and Gateways to the University network.


	Part II. PART 2 - PRODUCTS
	2.01 network connection
	A. UCB Private VLAN:  Internet-based network connecting the BAS across multiple facilities with a central data warehouse and server, accessible via standard web-browser.  This is an existing infrastructure and Contractor is not required to configure a...
	The following ONLY applies to strict BACnet systems and will typically be deleted.
	Contractor is however required to provide BACnet Objects and services at the Local Supervisory LAN via BACnet over IP.

	2.02 LOcal Supervisory LAN Gateways/Routers
	A. The Supervisory Gateway shall be a microprocessor-based communications device that acts as a gateway/router between the Supervisory LAN CSSs or OWS and the Primary LAN.
	B. The Gateway shall perform information translation between the Primary LAN and the Local Supervisory LAN, which is 100 Mbps Ethernet TCP/IP and shall preferably use BACnet over IP.
	C. The gateway shall contain its own microprocessor, RAM, battery, real-time clock, communication ports, and power supply as specified for a BC in Section 15953 {23 0903}.  Each gateway/router shall be mounted in a lockable enclosure unless it is a PC...
	D. The gateway/router shall allow centralized overall system supervision, operator interface, management report generation, alarm annunciation, acquisition of trend data, and communication with control units.  It shall allow system operators to perfor...
	1. Configure systems.
	2. Monitor and supervise control of all points.
	3. Change control setpoints.
	4. Override input values.
	5. Override output values
	6. Enter programmed start/stop time schedules.
	7. View and acknowledge alarms and messages.
	8. Receive, store and display trend logs and management reports.
	9. Upload/Download programs, databases, etc. as specified.

	E. Upon loss of power to the Gateway, the battery shall provide for minimum 100 hour backup of all programs and data in RAM.  The battery shall be sealed and self-charging.
	F. The Gateway shall be transparent to control functions and shall not be required to control information routing on the Primary LAN

	2.03 Chiller Controls Interface Device (CID)
	A. The CID shall be a microprocessor-based communications device that acts as a gateway between the control protocol and the applicable chiller controller protocol.
	B. The CID shall contain its own microprocessor, RAM, battery, communication ports and, power supply.
	C. Each CID shall support full bi-directional communications translation as more fully specified in Section 15955 {23 0905}.
	D. The following points shall be mapped as a minimum:
	1. CHW Supply and Return Temperatures
	2. CW Supply and Return Temperatures
	3. Power Consumption (kW)
	4. Percent of Power Consumption (compared to maximum)
	5. Bearing Temperature
	6. Suction and Head Pressures
	7. Suction and Head Temperatures
	8. All available alarms; common alarm as minimum
	9. Chiller Status
	10. Enable/Disable
	11. Current Limit Percent
	12. CHW Setpoint and Setpoint Reset



	Part III. PART 3 - EXECUTION
	3.01 INSPECTION:
	A. Examine areas and conditions under which control systems are to be installed.  Do not proceed with work until unsatisfactory conditions have been corrected in manner acceptable to Installer.

	3.02 INSTALLATION OF CONTROL SYSTEMS:
	A. General:  Install systems and materials in accordance with manufacturer's instructions, roughing-in drawings and details shown on drawings.
	B. Contractor shall provide all interface devices and software to provide an integrated system.
	C. Contractor shall closely coordinate with the University, or designated representative, to establish IP addresses and communications to assure proper operation of the building control system on the University VLAN.


	M15955 – BAS SOFTWARE AND PROGRAMMING
	Part I. PART 1 - GENERAL
	1.01 SECTION INCLUDES
	A. System Software
	B. Programming Description
	C. Control Algorithms
	D. Energy Management Applications
	E. Password Protection
	F. Alarm Reporting
	G. Trending
	H. Data Acquisition and Storage
	I. Dynamic Color Graphics

	1.02 RELATED DOCUMENTS:
	A. Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-1 Specification sections, apply to work of this section.
	B. Section 15010 - Basic Mechanical Requirements
	C. Section 15950 - Building Automation System (BAS) General
	D. Section 23 0900 – Building Automation System (BAS) General
	E. Section 15951 - BAS Basic Materials, Interface Devices, and Sensors
	F. Section 23 0913 –BAS Basic Materials, Interface Devices, and Sensors
	G. Section 15952 - BAS Operator Interfaces
	H. Section 23 0902 - BAS Operator Interfaces
	I. Section 15953 - BAS Field Panels
	J. Section 23 0903 - BAS Field Panels
	K. Section 15954 - BAS Communications Devices
	L. Section 23 0904 - BAS Communication Devices
	M. Section 15958 - Sequences of Operation
	N. Section 23 0993 - Sequences of Operation
	O. Section 15959 - BAS Commissioning
	P. Section 23 0801 - BAS Commissioning

	1.03 DESCRIPTION OF WORK:
	A. Fully configure systems and furnish and install all software, programming and dynamic color graphics for a complete and fully functioning system as specified.
	B. Refer to Section 15950 {23 0900} - Building Automation System (BAS) for general requirements
	C. Refer to 15958 {23 0993} - Sequence of Operation for general sequence of operation requirements.

	1.04 LICENSING
	A. Include licensing for all software packages at all required workstations.
	B. All software used for the operator interface, programming environment, networking, database management and any other software used by the Contractor to install the system or needed to operate the system to its full capabilities shall be licensed an...
	C. All software should be available on all Operator Workstations or CSSs provided, and on all Portable Operator Terminals. Hardware and software keys to provide all rights shall be installed on all workstations. At least 2 sets of CDs shall be provide...
	D. Provide licensing and original software copies for each OWS or CSS.
	E. Provide licensing and original software copies for each remote graphic workstation.  Licenses for remote graphic workstations shall allow for access to any site and shall not be restricted to accessing only the LANs included in this project.
	F. Upgrade all software packages to the release (version) in effect at the end of the Warranty Period.
	G. Refer to Section 15950 {23 0900} - Building Automation System (BAS) General for further requirements.


	Part II. PART 2 - PRODUCTS
	2.01 SYSTEM SOFTWARE-GENERAL
	A. Functionality and Completeness: The Contractor shall furnish and install all software and programming necessary to provide a complete and functioning system as specified.  The Contractor shall include all software and programming not specifically i...
	B. Configuration: The software shall support the system as a distributed processing network configuration.

	2.02 Controller SOFTWARE
	A. BC Software Residency: Each BC as defined below shall be capable of control and monitoring of all points physically connected to it.  All software including the following shall reside and execute at the BC:
	1. Real-Time Operating System software
	2. Real-Time Clock/Calendar and network time synchronization
	3. BC diagnostic software
	4. LAN Communication software/firmware
	5. Direct Digital Control software
	6. Alarm Processing and Buffering software
	7. Energy Management software
	8. Data Trending, Reporting, and Buffering software
	9. I/O (physical and virtual) database
	10. Remote Communication software

	B. AAC/ASC Software Residency: Each AAC/ASC as defined below shall be capable of control and monitoring of all points physically connected to it.  As a minimum, software including the following shall reside and execute at the AAC/ASC.  Other software ...
	1. Real-Time Operating System software
	2. AAC/ASC diagnostic software
	3. LAN Communication software
	4. Control software applicable to the unit it serves that will support a single mode of operation
	5. I/O (physical and virtual) database to support one mode of operation

	C. Stand Alone Capability: BC shall continue to perform all functions independent of a failure in other BC/AAC/ASC or other communication links to other BCs/AACs/ASCs.  Trends and runtime totalization shall be retained in memory.  Runtime totalization...
	D. Operating System:  Controllers shall include a real-time operating system resident in ROM.  This software shall execute independently from any other devices in the system.  It shall support all specified functions.  It shall provide a command prior...
	E. Network Communications: Each controller shall include software/firmware that supports the networking of CUs on a common communications trunk that forms the respective LAN.  Network support shall include the following:
	1. Building Controller/Primary LAN shall be a high-speed network designed and optimized for control system communication.  If a Primary LAN communications trunk is severed, BCs shall reconfigure into two separate LANs and continue operations without i...
	2. Controller communication software shall include error detection, correction, and re-transmission to ensure data integrity.
	3. Operator/System communication software shall facilitate communications between other BCs, all subordinate AACs/ASCs, Gateways and LAN Interface Devices or Operator Workstations.  Software shall allow point interrogation, adjustment, addition/deleti...

	F. Diagnostic Software:  Controller software shall include diagnostic software that checks memory and communications and reports any malfunctions
	G. Alarm/Messaging Software:  Controller software shall support alarm/message processing and buffering software as more fully specified below.
	H. Application Programs: CUs shall support and execute application programs as more fully specified below:
	1. All Direct Digital Control software, Energy Management Control software, and functional block application programming software templates shall be provided in a ‘ready-to-use’ state, and shall not require (but shall allow) Owner programming.

	I. Security:  Controller software shall support multiple level password access restriction as more fully specified below.
	J. Direct Digital Control:  Controller shall support application of Direct Digital Control Logic.  All logic modules shall be provided pre-programmed with written documentation to support their application.  Provide the following logic modules as a mi...
	1. Proportional-Integral-Derivative (PID) control with analog, PWM and floating output
	2. Two Position control (Hi or Low crossing with deadband)
	3. Single-Pole Double-Throw relay
	4. Delay Timer (delay-on-make, delay-on-break, and interval)
	5. Hi/Low Selection
	6. Reset or Scaling Module
	7. Logical Operators (AND, OR, NOT, XOR)

	K. Psychrometric Parameters:  Controller software shall provide preprogrammed functions to calculate and present psychrometric parameters (given temperature and relative humidity) including the following as a minimum: Enthalpy, Wet Bulb Temperature.
	L. Updating/Storing Application Data: Site-specific programming residing in volatile memory shall be uploadable/downloadable from an OWS or CSS connected locally, to the Primary LAN, to the Local Supervisory LAN and remotely via the internet. Initiati...
	M. Restart: System software shall provide for orderly shutdown upon loss of power and automatic restart upon power restoration.  Volatile memory shall be retained; outputs shall go to programmed fail (open, closed, or last) position.  Equipment restar...
	N. Time Synchronization:  Operators shall be able to set the time and date in any device on the network that supports time-of-day functionality.  The operator shall be able to select to set the time and date for an individual device, devices on a sing...
	O. Misc. Calculations: System software shall automate calculation of psychometric functions, calendar functions, kWh/kW, and flow determination and totalization from pulsed or analog inputs, curve-fitting, look-up table, input/output scaling, time ave...

	2.03 Application PROGRAMMING DESCRIPTION
	A. The application software shall be user programmable.
	B. This specification generally requires a programming convention that is logical, easy to learn, use, and diagnose.  General approaches to application programming shall be provided by one, or a combination, of the following conventions:
	1. Point Definition: provide templates customized for point type, to support input of individual point information.  Use standard BACnet Objects as applicable.
	2. Graphical Block Programming: Manipulation of graphic icon ‘blocks’, each of which represents a subroutine, in a functional/logical manner forming a control logic diagram.  Blocks shall allow entry of adjustable settings and parameters via pop-up wi...

	C. Provide a means for testing and/or debugging the control programs both off-line and on-line.

	2.04 ENERGY MANAGEMENT APPLICATIONS
	A. System shall have the ability to perform all of the following energy management routines via preprogrammed function blocks or template programs.  As a minimum provide the following whether or not required in the software:
	1. Time-of-Day Scheduling
	2. Calendar-Based Scheduling
	3. Holiday Scheduling
	4. Temporary Schedule Overrides
	5. Optimal Start/Optimal Stop-based on space temperature offset, outdoor air temperature, and building heating and cooling capacitance factors as a minimum
	6. Night Setback and Morning Recovery Control, with ventilation only during occupancy
	7. Economizer Control (enthalpy or dry-bulb)
	8. Economizer Control (hydronic)
	9. Peak Demand Limiting / Load Shedding
	10. Lighting/Occupancy Control
	11. Dead Band Control

	B. All programs shall be executed automatically without the need for operator intervention, and shall be flexible enough to allow operator customization.  Programs shall be applied to building equipment as described in Section 15958 {23 0993} - Sequen...

	2.05 PASSWORD PROTECTION
	A. Multiple-level password access protection shall be provided to allow the University’s authorized BAS Administrator to limit workstation control, display and database manipulation capabilities as they deem appropriate for each user, based upon an as...
	B. All passwords for the system shall be provided to the University including administrator, dealer, or factory level passwords for the systems provided under this project.
	C. Passwords shall restrict access to all Control Units.
	D. Each user name shall be assigned to a discrete access level.  A minimum of five levels of access shall be supported.  Alternately, a comprehensive list of accessibility/functionality items shall be provided, to be enabled or disabled for each user.
	E. A minimum of 50 user names shall be supported and programmed per the University’s direction.
	F. Operators shall be able to perform only those commands available for the access level assigned to their user name.
	G. User-definable, automatic log-off timers of from 1 to 60 minutes shall be provided to prevent operators from inadvertently leaving interface device software on-line.

	2.06 ALARM and Event Management REPORTING
	A. Alarm management shall be provided to monitor, buffer, and direct alarms and messages to operator devices and memory files.  The CSS shall perform distributed, independent alarm analysis and filtering to minimize operator interruptions due to non-c...
	1. Alarm Descriptor:  Each alarm or point change shall include that point’s English language description, and the time and date of occurrence.  In addition to the alarm’s descriptor and the time and date, the user shall be able to print, display and s...
	2. Alarm Prioritization:  The software shall allow users to define the handling and routing of each alarm by their assignment to discrete priority levels.  A minimum of five priority levels shall be provided.  For each priority level, users shall have...
	3. Alarm Report Routing:  Each alarm priority level shall be associated with a unique user-defined list of operator devices including any combination of local or remote workstations, printers, email accounts, SMS accounts and workstation disk files.  ...
	4. Alarm Acknowledgment: For alarm priority levels that are directed to a workstation screen, an indication of alarm receipt shall be displayed immediately regardless of the application in use at the workstation, and shall remain on the screen until a...

	B. It shall be possible for any operator to receive a summary of all alarms regardless of acknowledgement status; for which a particular recipient is enrolled for notification; based on current event state; based on the particular event algorithm (e.g...
	C. BACnet Alarming Services: All alarms and events shall be implemented using standard BACnet event detection and notification mechanisms.  The workstation shall receive BACnet alarm and event notifications from any gateway or BACnet controller in the...
	D. Alarm Historical Database:  The database shall store all alarms and events object occurrences in an ODBC or an OLE database-compliant relational database.  Provide a commercially available ODBC driver or OLE database data provider, which would allo...

	2.07 TRENDING
	A. The software shall display historical data in both a tabular and graphical format.  The requirements of this trending shall include the following:
	1. Provide trends for all physical points, virtual points and calculated variables.
	2. The sample rate and data selection shall be selectable by the operator.
	3. The trended value range shall be selectable by the operator.
	4. Workstations shall be able to display up to four simultaneous trend graphs with up to four data points per graph.
	5. The data points must be exportable from any operator interface in CSV or MS Excel format.

	B. Control Loop Performance Trends:  Controllers incorporating PID control loops shall also provide high resolution sampling in less than five second increments for verification of control loop performance.
	C. Data Buffering and Archiving:  Trend data shall be buffered at the CUs, and uploaded to CSS storage when archival is desired.  All archived trends shall be transmitted to the on-site OWS as applicable.  Uploads shall occur based upon a user-defined...
	D. Time Synchronization:  Provide a time master that is installed and configured to synchronize the clocks of all BACnet devices supporting time synchronization.  Synchronization shall be done using Coordinated Universal Time (UTC).  All trend sample ...

	2.08 TOTALIZATION
	A. The software shall support totalizing analog, digital, and pulsed inputs and be capable of accumulating, storing, and converting these totals to engineering units used in the documents.  These values shall generally be accessible to the Operator In...
	B. Totalization of electricity use/demand shall allow application of totals to different rate periods, which shall be user definable.
	C. When specified to provide electrical or utility Use/Demand, the Contractor shall obtain from the local utility all information required to obtain meter data, including k factors, conversion constants, and the like.

	2.09 SCHEDULING
	A. Provide a graphic utility for user-friendly operator interface to adjust equipment-operating schedules.
	B. Scheduling feature shall include multiple seven-day master schedules, holiday schedules and override schedules, each with start time and stop time.  Master schedules shall be individually editable for each day and holiday.
	C. Scheduling feature shall allow for each individual equipment unit to be assigned to one of the master schedules.
	D. Timed override feature shall allow an operator to temporarily change the state of scheduled equipment.  An override command shall be selectable to apply to an individual unit, all units assigned to a given master schedule, or to all units in a buil...
	E. A yearly calendar feature shall allow assignment of holidays, and automatic reset of system real time clocks for transitions between daylight savings time and standard time.

	2.10 overrides
	A. BAS shall provide an audit log report of all overrides currently active, historical overrides along with the user who initiated the override.
	B. Provide a screen graphic for manual override of the "OFF" for all Scheduled Start/Stop Zones.  Provide the necessary software to start any desired zone's equipment by touch screen.  The program shall permit operator selection of zones and shall ena...
	C. Timed override feature shall allow an operator to temporarily change the state of scheduled equipment.  An override command shall be selectable to apply to an individual unit, all units assigned to a given master schedule, or to all units in a buil...
	D. Provide equipment override programs for all energy recovery units, air handling units, and heating and ventilating units.  Program shall allow operator to override ERU, AHU, or HVU “Off” command to enable individual units for operation without over...
	E. Provide a single point outdoor air damper override.  Intent is to allow the BAS operator to command all outdoor air intake dampers controlled by BAS to be closed by a single command.
	F. Provide a single point Zones override.  Intent is to allow the BAS operator to command all Zones to the unoccupied mode, effectively closing all outdoor air dampers and shutting down exhaust fans.
	G. Override shall be possible for analog or time clock values for a given period of time, until a given time or permanently.  Overrides may be cleared at the keyboard or through programmable user functions.

	2.11 OPERATOR INTERFACE GRAPHIC SOFTWARE
	A. Graphic software shall facilitate user-friendly interface to all aspects of the System Software specified above.  The intent of this specification is to require a graphic package that provides for intuitive operation of the systems without extensiv...
	B. Graphic software shall support multiple simultaneous screens to be displayed and resizable in a ‘Windows’-like environment.  All functions excepting text entry functions shall be executable with a mouse.
	C. Graphic software shall provide for multitasking such that third-party programs can be used while the OWS software is on line.  Software shall provide the ability to alarm graphically even when operator is in another software package.
	D. Operating system software shall be Microsoft Windows XP Professional, or latest version of Windows supported by the BAS manufacturer and approved by UC.
	E. The software shall allow for the University’s creation of user-defined, color graphic displays of geographic maps, building plans, floor plans, and mechanical and electrical system schematics.  These graphics shall be capable of displaying all poin...
	F. Screen Penetration:  The operator interface shall allow users to access the various system graphic screens via a graphical penetration scheme by using the mouse to select from menus or ‘button’ icons.  Each graphic screen shall be capable of having...
	G. Dynamic Data Displays:  Dynamic physical point values shall automatically updated at a minimum frequency of 6 updates per minute without operator intervention.  Point value fields shall be displayed with a color code depicting normal, abnormal, ove...
	H. Point Override Feature:  Each displayed point shall be individually enabled/disabled to allow mouse-driven override of digital points or changing of analog points.  Such overrides or changes shall occur in the control unit, not just in the workstat...
	I. Dynamic Symbols:  Provide a selection of standard symbols that change in appearance based on the value of an associated point.
	1. Analog symbol:  Provide a symbol that represents the value of an analog point as the length of a line or linear bar.
	2. Digital symbol:  Provide symbols such as switches, pilot lights, rotating fan wheels, etc. to represent the value of digital input and output points.
	3. Point Status Color:  Graphic presentations shall indicate different colors for different point statuses.  (For instance, green = normal, red = alarm, gray (or ‘???’) for non-response).
	4. Terminal Equipment Color:  Floor plan graphics shall be color coded by the equipment served as follows; green = zone temperature within setpoint, blue = zone temperature below setpoint, yellow = zone temperature above setpoint, red = zone temperatu...

	J. Graphics Development Package:  Graphic development and generation software shall be provided to allow the user to add, modify, or delete system graphic displays.
	1. The Contractor shall provide libraries of pre-engineered screens and symbols depicting standard air handling unit components (e.g. fans, cooling coils, filters, dampers, etc.), mechanical system components (e.g., pumps, chillers, cooling towers, bo...
	2. The Graphic Development Package shall use a mouse or similar pointing device to allow the user to perform the following:
	a) Define symbols
	b) Position items on graphic screens
	c) Attach physical or virtual points to a graphic
	d) Define background screens
	e) Define connecting lines and curves
	f) Locate, orient and size descriptive text
	g) Define and display colors for all elements
	h) Establish correlation between symbols or text and associated system points or other displays.
	i) Create hot spots or link triggers to other graphic displays or other functions in the software.
	j) Insert frames of html pages linked internally or externally to the CSS.



	2.12 REMOTE PERSONAL COMPUTER WORKSTATION GRAPHIC SOFTWARE
	A. Remote graphic operator software shall provide all the functionality specified for the local graphic software.
	B. System configuration uses an Internet server and presents web pages that can be pulled up using a standard browser.
	C. Software shall be capable of initiating communication to system, upon user command, to perform all specified functions.  Software shall be capable of initiating communication to the LANs in accordance with user-programmed time schedules to upload t...


	Part III. PART 3 - EXECUTION
	3.01 SYSTEM CONFIGURATION
	A. Contractor shall thoroughly and completely configure BAS system software, supplemental software, network communications, CSS, OWS, [remote operator workstation], portable operators terminal, printer, and remote communications.

	3.02 SITE-SPECIFIC APPLICATION PROGRAMMING
	A. Provide all database creation and site-specific application control programming as required by these Specifications, national and local standards and for a fully functioning system.  Contractor shall provide all initial site-specific application pr...
	B. All site-specific programming shall be fully documented and submitted for review and approval, both prior to downloading into the panel, at the completion of functional performance testing, and at the end of the warranty period.
	C. All programming, graphics and data files must be maintained in a logical system of directories with self-explanatory file names. All files developed for the project will be the property of the University and shall remain on the workstation(s)/serve...

	3.03 PASSWORD SETUP
	A. Set up the following password levels to include the specified capabilities:
	1. Level 1: (University’s BAS Administrator)
	a) Level 2 capabilities
	b) View, add, change and delete user names, passwords, password levels
	c) All unrestricted system capabilities including all network management functions.

	2. Level 2: (System Engineers)
	a) Level 3 capabilities
	b) Configure system software
	c) Modify control unit programs
	d) Modify graphic software
	e) Essentially unrestricted except for viewing or modifying user names, passwords, password levels

	3. Level 3: (Senior Maintenance Technician)
	a) Level 4 capabilities
	b) Override output points
	c) Change setpoints
	d) Change equipment schedules
	e) Exit BAS software to use third party programs

	4. Level 4: (Maintenance / Service Desk)
	a) Level 5 capabilities
	b) Acknowledge alarms
	c) Temporarily override equipment schedules

	5. Level 5: (Read Only)
	a) Display all graphic data
	b) Trend point data


	B. Contractor shall assist University’s operators with assigning user names, passwords and password levels.  UCB has designated custom access levels for use by contractors actively using the system.

	3.04 POINT PARAMETERS
	A. Provide the following minimum programming for each analog input:
	1. Name
	2. Address
	3. Scanning frequency or COV threshold
	4. Engineering units
	5. Offset calibration and scaling factor for engineering units
	6. High and low alarm values and alarm differentials for return to normal condition
	7. High and low value reporting limits (reasonableness values), which shall prevent control logic from using shorted or open circuit values.
	8. Default value to be used when the actual measured value is not reporting.  This is required only for points that are transferred across the primary and/or secondary controlling networks and used in control programs residing in control units other t...
	9. Selectable averaging function that shall average the measured value over a user selected number of scans for reporting.

	B. Provide the following minimum programming for each analog output:
	1. Name
	2. Address
	3. Output updating frequency
	4. Engineering units
	5. Offset calibration and scaling factor for engineering units
	6. Output Range
	7. Default value to be used when the normal controlling value is not reporting.

	C. Provide the following minimum programming for each digital input:
	1. Name
	2. Address
	3. Engineering units (on/off, open/closed, freeze/normal, etc.)
	4. Debounce time delay (Digital Filter)
	5. Message and alarm reporting as specified
	6. Reporting of each change of state, and memory storage of the time of the last change of state
	7. Totalization of on-time (for all motorized equipment status points), and accumulated number of off-to-on transitions.

	D. Provide the following minimum programming for each digital output:
	1. Name
	2. Address
	3. Output updating frequency
	4. Engineering units (on/off, open/closed, freeze/normal, etc.)
	5. Direct or Reverse action selection
	6. Minimum on-time
	7. Minimum off-time
	8. Status association with a DI and failure alarming (as applicable)
	9. Reporting of each change of state, and memory storage of the time of the last change of state.
	10. Totalization of on-time (for all motorized equipment status points), and accumulated number of off-to-on transitions.
	11. Default value to be used when the normal controlling value is not reporting.


	3.05 Trends
	A. Contractor shall establish and store trend logs.  Trend logs shall be prepared for each physical input and output point, and all dynamic virtual points such as setpoints subject to a reset schedule, intermediate setpoint values for cascaded control...
	B. The University will analyze trend logs of the system operating parameters to evaluate normal system functionality.  Contractor shall establish these trends and ensure they are being stored properly.
	1. Data shall include a single row of field headings and the data thereafter shall be contiguous.  Each record shall include a date and time field or single date stamp.  Recorded parameters for a given piece of equipment or component shall be trended ...

	C. The Contractor shall demonstrate functional trends as specified for a period of 30 days after successful system demonstration before Substantial Completion of the system.

	3.06 ALARMS
	A. General:  Contractor will be responsible for setting initial alarm parameters.  Reporting actions will be setup by UCB.  No reporting actions will be initiated unless directed by UCB.
	B. Override Alarms:  Any point that is overridden through the override feature of the graphic workstation software shall be reported as a Level 3 alarm.
	C. Analog Input Alarms:  For each analog input, program an alarm message for reporting whenever the analog value is outside of the programmed alarm limits.  Report a ‘Return-to-Normal’ message after the analog value returns to the normal range, using ...
	1. Space temperature, except as otherwise stated in sequence of operation:  Level 3
	a) Low alarm: 64(F
	b) Low return-to-normal: 68(F
	c) High alarm: 85(F
	d) High return-to-normal: 80(F

	2. Controlled media temperature other than space temperature (e.g. AHU discharge air temperature, steam converter leaving water temperature, condenser water supply, chilled water supply, etc.):  Level 3  (If controlled media temperature setpoint is re...
	a) Low alarm: 3(F below setpoint
	b) Low return-to-normal: 2(F below setpoint
	c) High alarm: 3(F above setpoint
	d) High return-to-normal: 2(F above setpoint.

	3. AHU mixed air temperature: Level 4
	a) Low alarm: 45(F
	b) Low return-to-normal: 46(F
	c) High alarm: 90(F
	d) High return-to-normal: 89(F

	4. Duct Pressure:
	a) Low alarm: 0.5”w.g. below setpoint
	b) Low return-to-normal: 0.25”w.g. below setpoint
	c) High alarm: 0.5”w.g. above setpoint
	d) High return-to-normal: 0.25”w.g. above setpoint

	5. Space humidity:
	a) Low alarm: 35%
	b) Low return-to-normal: 40%
	c) High alarm: 75%
	d) High return-to-normal: 70%


	D. BAS System Failure Alarm:  Generate alarm that reads “BAS System Failure”.  Alarm shall be generated when communication is lost to any controller or when any controller is determined to be in an abnormal state.

	3.07 GRAPHIC SCREENS
	A. Floor Plan Screens: The contract document drawings will be made available to the Contractor in AutoCAD format upon request.  These drawings may be used only for developing backgrounds for specified graphic screens; however the University does not g...
	1. Provide graphic floor plan screens for each floor, wing, or tower of the building.  Indicate the location of all equipment that is not located on the equipment room screens.  Indicate all equipment zones with corresponding ON/OFF status.  Indicate ...
	2. Provide graphic floor plan screens for each mechanical equipment room and a plan screen of the roof.  Indicate the location of each item of mechanical equipment.  Provide a drawing link from each equipment symbol shown on the graphic plan view scre...
	3. If multiple floor plans are necessary to show all areas, provide a graphic building key plan.  Use elevation views and/or plan views as necessary to graphically indicate the location of all of the larger scale floor plans.  Link graphic building ke...
	4. Provide a graphic site plan with links to and from each building plan.

	B. System Schematic Screens:  Provide graphic system schematic screen for each HVAC subsystem controlled with each I/O point in the project appearing on at least one graphic screen.  System graphics shall include flow diagrams with status, setpoints, ...
	1. Provide graphic screens for each air handling system. Indicate outside air temperature and enthalpy, and mode of operation as applicable (i.e., occupied, unoccupied, warm-up, cool-down).  Link screens for air handlers to the heating system and cool...
	2. Provide a graphic screen for each zone.  Provide links to graphic system schematic screens of air handling units that serve the corresponding zone.
	3. Provide a cooling system graphic screen showing all points associated with the chillers, cooling towers and pumps.  Indicate outside air dry-bulb temperature and calculated wet-bulb temperature. Link screens for chilled water and condenser water sy...
	4. Link screens for heating and cooling system graphics to utility history reports showing current and monthly electric uses, demands, peak values, and other pertinent values.

	C. Alarms:  Each programmed alarm shall appear on at least one graphic screen.  In general, alarms shall be displayed on the graphic system schematic screen for the system that the alarm is associated with (for example, chiller alarm shall be shown on...


	M15956 – SEQUENCE OF OPERATION
	1.01 Section Includes
	A. Air Handling Units
	B. Glycol Recovery System
	C. Steam to Hot Water Converter
	D. Central Plant Monitoring

	1.02 related documents:
	A. Drawings and general provisions of Contract, including the General Conditions and Supplementary Conditions and other Division-1 Specification Sections, apply to this Section.
	B. Section 15010 - Basic Mechanical Requirements
	C. Section 23 0500 – Common Work Results for HVAC
	D. Section 15950 - Building Automation System (BAS) General
	E. Section 23 0900 - Building Automation System (BAS) General
	F. Section 15951 - BAS Basic Materials, Interface Devices, and Sensors
	G. Section 23 0913 – BAS Basic Materials, Interface Devices, and Sensors
	H. Section 15953 - BAS Field Panels
	I. Section 23 0903 – BAS Field Panels
	J. Section 15954 - BAS Communications Devices
	K. Section 23 0904 - BAS Communication Devices
	L. Section 15955 - BAS Software
	M. Section 23 0905 - BAS Software and Programming
	N. Section 15959 – BAS Commissioning
	O. Section 23 0801 - BAS Commissioning

	1.03 System Description
	A. This Section defines the manner and method by which controls operate and sequence the controlled equipment.  Included in this section are general requirements and logic strategies that expand on the specific sequences shown on the drawings.  Specif...
	B. Refer to the control drawings for specific sequences for individual systems.

	1.04 Submittals
	A. Refer to Section 15950 {23 0900} and Division 1 for requirements for control shop drawings, product data, Users Manual, etc.[]


	Part II. PRODUCTS
	Part III. EXECUTION
	3.01 GENERAL
	A. Sequences specified herein indicate the functional intent of the systems operation and may not fully detail every aspect of the programming that may be required to obtain the indicated operation.  Contractor shall provide all programming necessary ...
	B. When an air handling unit is not in operation, control devices shall remain in their “off” positions. “Off” positions may differ from the “normal” (meaning failed) position.  Except as specified otherwise, “off” and “normal” positions of control de...
	C. Unless specified otherwise, throttling ranges, proportional bands, and cycle differentials shall be centered on the associated setpoint.  All modulating feedback control loops shall include the capability of having proportional, integral, and deriv...
	D. Scheduling Terminology: When air handlers are scheduled throughout the day, the following defines the terminology used:
	1. Occupied Period: period of time when the building is in use and occupied.  Unless indicated otherwise, this period is defined as X:XX AM - X:XX PM weekdays and X:XX AM to XX:XX PM  weekends.  Exclude all national holidays.  Generally systems will b...
	2. Unoccupied period: period of time when the building or zone is not in use and unoccupied. Ventilation air shall not be introduced.
	3. Preoccupancy Period:  Time prior to the Occupied period when the systems are returning the space temperatures from setback to “normal” or occupied setpoints (warm-up and cool-down).  Ventilation air shall not be introduced unless outside air condit...
	4. Setback Period:  Setback will typically coincide  start with the end of the occupied period and end with the start of the preoccupacy period, however it shall be provided with its own schedule.  Generally systems will be off except to maintain a “s...

	E. Where any sequence or occupancy schedule calls for more than one motorized unit to start simultaneously, the BAS start commands shall be staggered by 5 second (adj.) intervals to minimize inrush current.
	F. Alarm messages specified throughout the sequences are assigned to discrete priority levels.  Priority levels dictate the handling and destination of alarm reports, and are defined in Section 15955 {23 0905} - ATC System Software and Programming.
	G. Wherever a value is indicated as adjustable (adj.), it shall be modifiable, with the proper password level, from the operator interface or via a function block menu.  For these points, it is unacceptable to have to modify programming statements to ...
	H. When a power failure is detected in any phase, the BAS start commands shall be retracted immediately from all electrically powered units served by the failed power source. If the associated primary control unit (PCU) is powered by normal or emergen...
	I. Where reset action is specified in a sequence of operation, but a reset schedule is not indicated on the drawings, one of the following methods shall be employed:
	1. Contractor shall determine a fixed reset schedule which shall result in stable operation and shall maintain the primary variable within the specified maximum allowable variance.
	2. A floating reset algorithm shall be used which increments the secondary variable setpoint (setpoint of control loop being reset) on a periodic basis to maintain primary variable setpoint.  The recalculation time and reset increment shall be chosen ...

	J. Where a supply air temperature or duct pressure setpoint is specified to be reset by the space temperature of the zones calling for the most cooling/heating, the following method shall be employed:
	1. A floating reset algorithm shall be used which increments the secondary variable (e.g., supply air temperature or duct pressure) setpoint on a periodic basis to maintain primary variable (e.g. space temperature) setpoint.  The reset increment shall...

	K. Where a supply air temperature, duct pressure, or differential water pressure setpoint is specified to be reset by valve or damper position of the zone or zones calling for the most cooling/heating, the following method shall be employed:
	1. A floating reset algorithm shall be used which increments the secondary variable (e.g., supply air temperature, pipe or duct pressure) setpoint on a periodic basis to maintain primary variable (e.g. cooling valve, heating valve, damper position) se...
	2. Alternatively to continuously calculating the average of the quantity of worst valve/damper positions, a method similar to the one described above may be employed whereby the “need heat” or “need cool” virtual point shall increment by one unit each...

	L. Where “prove operation” of a device (generally controlled by a digital output) is indicated in the sequence, it shall require that the BAS shall, after an adjustable time delay after the device is commanded to operate (feedback delay), confirm that...
	M. BAS shall provide for adjustable maximum rates of change for increasing and decreasing output from the following analog output points:
	1. Speed control of variable speed drives
	2. Chiller supply water temperature setpoint reset
	3. Chiller demand limit
	4. Travel rate of tower isolation and chiller isolation valves

	N. Wherever a value is indicated to be dependent on another value (i.e.: setpoint plus 5 F) BAS shall use that equation to determine the value.  Simply providing a virtual point that the operator must set is unacceptable.  In this case three virtual p...

	3.02 Demand Limiting Control:
	A. BAS shall monitor kW demand over a 15-minute sliding window period.
	B. Demand limiting shall be disabled during the winter billing period.  When demand limiting is enabled, it shall be possible for the operator to disable it on a daily basis during, but it shall be automatically re-enabled each day at 12 midnight.
	C. On a rise in kW to within [200] kW (adj.) of setpoint, a Level 4 alarm shall be enunciated and BAS shall begin to make one “load shed” command every [3] minutes (adj.).  On a fall in kW to [200] kW less than the demand setpoint, BAS shall begin to ...
	D. “Loads” available for shedding are defined elsewhere in this specification section.
	E. On a rise in kW to within [50] kW (adj.) of setpoint, a Level 3 and Level 4 alarm shall be enunciated.

	3.03 Air Handling Units - General
	A. Logic Strategies:  The BAS shall fully control the air handlers.  Generally the BAS shall energize the AH (start the fans and activate control loops) as dictated for each air handle. The following indicates when and how the BAS shall energize the A...
	1. Scheduled Occupancy: BAS shall determine the occupancy periods (occupied, unoccupied, preoccupancy, and setback) as defined above.  The following details the common control aspects related to the scheduled occupancy.
	a) Occupied Period: BAS shall energize the AH during all occupied periods.  Note that the beginning of the occupancy period shall be set sufficiently before the actual start of occupancy to obtain the required building component of ventilation per ASH...
	b) Unoccupied Period:  Minimum OA flow shall be 0 CFM or the minimum OA damper position shall be 0%. If during the unoccupied period there is a request for occupancy override, the occupancy mode shall become active for an adjustable period.  The unocc...
	c) Setback Period: the BAS shall deenergize the unit except as required to maintain a setback temperature as indicated in the individual sequences with a 5 F cycle differential.  Generally, where setback temperatures apply in multiple zones, the worst...
	d) Preoccupancy:  BAS shall energize the AH continuously during the preoccupancy period.  Minimum OA flow shall be 0 CFM or the minimum OA damper position shall be 0%.  “Normal” setpoints shall apply.  Preoccupancy duration shall be one of the followi...
	1) Fixed:  The duration of the preoccupancy period shall be fixed as scheduled by the operator/
	2) Optimum:  The duration of the morning warm-up period shall vary according to outside air temperature and space temperature such that the space temperature rises to occupied period heating setpoint at the beginning of, but not before, the scheduled ...


	2. Night Purge Cycle:  The night purge cycle shall configure the AH for 100% fresh air intake operation and will be enabled/disabled manually via a graphic icon. While the mode is enabled and during the unoccupied period, BAS shall energize the unit (...
	3. Minimum OA Control:  BAS shall maintain minimum ventilation during the occupied period. The following strategies may apply:
	a) Balanced Position:  During the occupied period, applicable mixing and OA dampers shall never be positioned less than the position set for the required minimum OA ventilation rate.  If the air handler has a single OA damper that is capable of econom...
	b) Reset Balanced Position:  During the occupied period, applicable mixing and OA dampers shall never be positioned less than the minimum position. Minimum position shall be reset between limits of a position delivering system exhaust make-up air CFM ...
	c) Damper Controlled Fixed:  During the occupied period, applicable mixing dampers shall be modulated to maintain an OA flow rate of no less than the MVR as dictated in the design and required by ASHRAE 62. Setpoint flow rates shall be provided by the...
	1) Measured directly by an OA flow station
	2) As determined by CO2 mixing equations using the SA, OA, and RA CO2 sensors

	d) Damper Controlled Reset:  During the occupied period, applicable mixing dampers shall be modulated to maintain an OA flow rate setpoint.  Setpoint shall be reset between limits of system exhaust make-up air CFM and the design minimum CFM to maintai...
	1) Measured directly by an OA flow station
	2) As determined by CO2 mixing equations using the SA, OA, RA, and/or Space CO2 sensors

	e) Mixed Air Temperature Control:  Minimum position of the OA damper shall be set to obtain the design required minimum OA.  This balanced minimum position shall remain fixed.  Whenever the minimum loop is active BAS shall control the dampers to maint...

	4. VAV Return Fan Capacity Control: BAS shall control the output of the return fan as follows:
	a) Flow Tracking: The return air fan shall run to maintain a return flow setpoint of the supply flow minus an offset value.  The offset value shall be determined as follows:
	1) Fixed Differential: It shall be fixed at the design minimum OA value. ] (
	2) Differential Reset From RA CO2: It shall be reset between limits of system exhaust make-up air CFM and the design minimum CFM to maintain an RA CO2 setpoint of 900 ppm (adj.).  Loop shall be a “sample and bump” or dynamic proportional only loop tun...
	3) Differential Reset From Measured OA to Maintain Fixed OA: It shall be reset to maintain the measured minimum OA flow at the design value any time the economizer mode is inactive.  Whenever it is inactive, it shall be set to the value that existed w...
	4) Differential Reset From Measured OA to Maintain Reset OA When the economizer mode is inactive, it shall be reset to maintain the measured OA flow setpoint.  The OA setpoint shall be reset between limits of system exhaust make-up air CFM and the des...

	b) Rescaled Output Capacity Control:  The output for the return fan capacity control shall be rescaled from the output of the to the supply device such that the design minimum OA temperature is maintained at both maximum and 50% flow conditions.  The ...

	5. Airside Economizer:  BAS shall modulate the mixing dampers to provide “free cooling” when conditions merit.  The free cooling shall generally be staged before any mechanical cooling.  While conditions merit, dampers shall be modulated in a DA PID l...
	a) Dry Bulb Comparison: Economizer mode shall be active while the unit is energized AND when OA enthalpy fall below 28 btu/# AND outside air temperature falls below return air temperature (with 2(F cycle differential). Economizer mode shall be inactiv...
	b) Dry Bulb Switch: Economizer mode shall be active while the unit is energized AND when OA enthalpy fall below 28 btu/# AND outside air temperature falls below the switching setpoint of 70 F (adj.) (with 5(F cycle differential). Economizer mode shall...
	c) Enthalpy Comparison: Economizer mode shall be active while the unit is energized AND when outside air enthalpy falls below return air enthalpy (with 2btu/# cycle differential).  Economizer mode shall be inactive when outside air enthalpy rises abov...

	6. Sequenced Heating and Cooling:  BAS shall control the heating and cooling coils and air side economizer as detailed for the particular AH.  Program logic shall directly prohibit the heating and cooling valves as well as the heating valve and econom...
	7. Mixed Air Low Limit Override: BAS shall override the signal to the OA damper via a proportional only loop to maintain a minimum mixed air temperature of 45 F (adj.) (loop shall output 0% at 45 F which shall be passed to the output via a low selector).
	8. Freeze Safety:  Upon operation of a freezestat the following sequence shall occur:
	a) The unit fans shall be deenergized.  Typically supply and return fans where applicable shall be deenergized via a hardwired interlock[, and an indication of the operation shall be displayed by the BAS.
	b) All hot water valves and chilled water valves will be commanded to 100% open.
	c) All hot water coil pumps and chilled water coil pumps will be commanded to run.
	d) Outside air dampers shall fully close and return air dampers shall fully open.
	e) BAS shall enunciate appropriate alarm and remove and lock out the start command], [which shall initiate "fan failure" alarms].

	9. Smoke Safety:  Upon indication of smoke by a smoke detector, FAC shall deenergize the AH.  Smoke detector shall notify the fire alarm system and BAS, shut down the fans, and close the smoke dampers via hard-wired interlock.
	10. High or Low Pressure Safety:  Upon activation of a high or low pressure safety switch, AH shall be deenergized, fans shall be deenergized via a hard wired interlock[, and an indication of the operation shall be sensed by the BAS.  BAS shall enunci...
	11. Vibration Safety (Applicable To Units >50,000 cfm):  Upon activation of a vibration safety switch, respective fan shall be deenergized, fan shall be deenergized via a hard wired interlock and an indication of the operation shall be sensed by the B...

	B. The detailed “logic strategies” above shall be required by reference to them in each of the individual sequences specified elsewhere.

	3.04 AIr Handling Unit Diagnostics - General
	A. Diagnostic Strategies: In addition to the standard alarm limits specified for all sensed variables the BAS monitor and diagnose anomalies in the operation of the air handlers.  The following “diagnostic strategies” shall be included by reference wi...
	1. Run Time Limit:  BAS shall accumulate the runtime of the status of associated rotating equipment and enunciate a level 5 alarm to indicate that the unit is in need of service.
	2. Filter Monitoring:  BAS shall monitor the differential pressure transmitter across the filter bank(s).  A level 5 alarm shall be reported when pressure drop exceeds the transmitter’s setting.
	3. Start Monitoring:  BAS shall accumulate the starts of cycling equipment.  BAS shall further enunciate a level 5 alarm when the number of starts exceeds the specified value within the specified time period.  (ie: more than 3 starts in a 30 min period)


	3.05 Air Handler MONITORING AND MANAGEMENT
	A. General:  The BAS shall monitor various aspects of the air handling systems and calculate parameters as specified below to facilitate operations and management.
	1. Trending:  The BAS shall continuously monitor, calculate and display the following parameters at the intervals indicated.  These values shall be stored initially in the buffer of the controlling control unit, and then be uploaded periodically and s...
	2. Parameters to be trended:
	a) All temperature sensors at 1 hour intervals
	b) All relative humidity sensors at 1 hour intervals
	c) All pressure sensors at 1 hour intervals
	d) All run requests and statuses on a change in value
	e) All analog loop outputs on 1 hour intervals
	f) Calculated enthalpies in 2 hour intervals
	g) Summed cooling and heating requests on 2 hour intervals



	3.06 GLYCOL HEAT RECOVERY RUN AROUND LOOP
	A. General: BAS shall control the glycol heat recovery system and equipment and provide monitoring and diagnostic information for management purposes.
	a) System Enable:  System shall be enabled whenever the following criteria are met:
	1) System manually enabled by the operator at the operator interface, AND
	2) Air systems served be recovery system are operational, AND
	3) The criteria for efficient operation of the system as written below are met.

	b) System Disable:  System shall be disabled whenever any of the following occurs:
	1) System manually disabled by the operator at the operator interface, OR
	2) Air systems served by the recovery system are off, OR
	3) The criterion for efficient operation of the system as written below is not met.


	B. Enable Criteria:
	1. Outside air temperature must be lower than the exhaust air temperature entering the heat recovery coil. .
	2. Outside air temperature must be higher than the lower limit temperature of the glycol system.

	C. Circulating Pump Control
	1. Whenever the system is enabled, circulating pump shall run continuously. .
	2. BAS shall prove operation of the pump.  Upon failure of a pump, an alarm shall be enunciated.
	3. BAS shall monitor pump status and accumulate runtime of the pump.


	3.07 Steam to HW converterS wITH VV pumps
	A. General: BAS shall control the hot water systems and equipment and provide monitoring and diagnostic information for management purposes.
	B. Heating Enable:  Heating shall be enabled when:
	1. Any hot water valve opens to more than 50% continuously for 10 min. (adj.).
	2. OR, the Outside Air temperature is below 55 F
	3. OR, whenever manually enabled by the operator at the operator interface.  Once enabled, the Heating Water System shall run for a minimum of 1 hour.

	C. HW Pump Control:
	1. Whenever the system is enabled, a minimum of one heating water pump shall run continuously.
	2. BAS shall use a PID loop to maintain the differential pressure setpoint across the remote differential pressure sensor.  The differential pressure setpoint shall initially be set at 15 psi (adj. as determined by the balance contractor).
	3. The output of this loop shall control the starting, stopping, and speed of the pumps as follows:
	a) On a PID output of greater than 95% for 5 min (adj.), the BAS shall start an additional pump.  The new pump shall ramp to speed per adjustable acceleration rates.
	b) If more that one pump is running, on a PID output of less than 40% for 5 min (adj.), the BAS shall stop a pump.

	4. The output of the PID loop shall control the VSD’s of all operating pumps at the same speed.
	5. BAS shall prove operation of each pump individually.  Upon failure of a pump, the standby shall be started (if not already running) and an alarm shall be enunciated.
	6. BAS shall monitor pump status and accumulate runtime of the pumps.  The BAS shall rotate the lead and lag pumps as follows:
	a) Whenever a pump is started, the BAS shall start the pump with the least runtime.

	7. Whenever a pump is stopped, the BAS shall stop the pump with the highest runtime.

	D. Heating Water Temperature Control:  BAS shall reset the hot water supply temperature setpoint via linear reset from 180 F (adj.) to 110 F (adj.) as the OA temperature rises from 20 F (adj.) to 60 F (adj.)
	1. The BAS shall modulate the 1/3 [and 2/3 steam] valves to the Heat Exchanger in sequence via a PID loop to maintain the HW supply temperature setpoint.
	2. The valves shall remain closed until pump status is proven.
	3. Steam supply pressure to the Heat Exchanger shall be monitored by the BAS and enunciate an alarm if it falls below 5 psi (adj.)


	3.08 Central plant MONITORING AND MANAGEMENT
	A. General:  The BAS shall monitor various aspects of the heating and cooling systems and calculate parameters as specified below to facilitate plant operations and management.
	B. Trending:  The BAS shall continuously monitor, calculate and display the following parameters at the intervals indicated.  These values shall be stored initially in the buffer of the controlling control unit, and then be uploaded periodically and s...
	1. Quote (text strings) and Comma delimited
	2. Microsoft EXCEL

	C. Parameters to be Trended:
	1. Load on the secondary systems in MBH per the following equation:  (Return Temp-Supply Temp) * (GPM) / .5.  This shows cooling as a positive heat load and heating as a negative heat load.  Note that multipliers on this value to accommodate the BAS p...
	2. All temperature sensors at 1 hour intervals.
	3. All relative humidity sensors at 1 hour intervals.
	4. All pressure sensors at 1 hour intervals.
	5. All run requests and statuses on a change in value.
	6. All analog loop outputs on 1 hour intervals.
	7. Calculated enthalpies in 2 hour intervals.
	8. Summed cooling and heating requests on 2 hour intervals.



	M15957 – BAS SYSTEM COMMISSIONING
	Part I. GENERAL
	1.01 SECTION INCLUDES
	A. BAS and equipment testing and start-up
	B. Validation of proper and thorough installation of BAS and equipment
	C. Functional testing of control systems
	D. Documentation of tests, procedures, and installations
	E. Coordination of BAS training
	F. Documentation of BAS Operation and Maintenance materials

	1.02 RELATED SECTIONS:
	A. Drawings and general provisions of Contract, including General and Supplementary Conditions and Division-1 Specification sections, apply to work of this section.
	B. Section 15950 – BAS General Requirements
	C. Section 23 0900 - BAS General Requirements
	D. Section 15951 - BAS Basic Materials, Interface Devices and Sensors
	E. Section 23 0913 – BAS Basic Materials, Interface Devices, and Sensors
	F. Section 15952 - BAS Operator Interfaces
	G. Section 23 0902 - BAS Operator Interfaces
	H. Section 15953 - BAS Field Panels
	I. Section 23 0903 - BAS Field Panels
	J. Section 15954 - BAS Communication Devices
	K. Section 23 0904 - BAS Communication Devices
	L. Section 15955 - BAS Software and Programming
	M. Section 23 0905 - BAS Software and Programming
	N. Section 15958 - Sequence of Operation
	O. Section 23 0993 - Sequences of Operation

	1.03 GENERAL DESCRIPTION
	A. This section defines responsibilities of the Controls Contractor to commission the BAS.
	B. [The Government, at Government’s expense, shall retain a Commissioning Authority (CA) who shall work with the Contractor to ensure that the systems, equipment, and interfaces are installed, tested, and operate per the design intent; that the system...

	1.04 CONTRACTOR RESPONSIBILITIES
	A. Completely install and thoroughly inspect, startup, test, adjust, balance, and document all systems and equipment.
	B. [Assist Commissioning Authority in] Perform verification and performance testing.  This will generally include the following:
	1. [Attend Commissioning (Cx) progress and coordination meetings.]
	2. [Prepare and submit required draft forms and systems information.]
	3. Establish trend logs of system operation as specified herein.
	4. Demonstrate system operation.
	5. Manipulate systems and equipment to facilitate testing.
	6. Provide instrumentation necessary for verification and performance testing.
	7. Manipulate control systems to facilitate verification and performance testing.
	8. Train University’s Representatives as specified in Part III of this section.

	C. Provide a BAS Technician to work at the direction of Commissioning Authority for software optimization assistance for a minimum of [80] hours for Scope 1 and [40] hours for Scope 2.  Refer to Part 3 for a description of the software optimization.

	1.05 SUBMITTALS
	A. Submit the following Quality Assurance / Quality Control documentation directly to UCB [and the CA]:
	1. Quality Assurance Plan
	a) Contractor must provide a description of their quality assurance operations for the commissioning phase of this project.  The description shall include protocols for each step of commissioning listed within this section including testing, reporting...


	B. Submit the following items directly to the [CA] [GC]:
	1. BAS Start-Up Report (reference div. 1 and section 3.01 below):  Submit four (4) copies prior to scheduling of Functional Performance Testing.
	2. BAS Training Plan (defined below):  Submit prior to scheduling BAS Demonstration.
	3. Trend and alarm logs as required during the Acceptance Period and Warranty Period.



	Part II. PART 2 - PRODUCTS
	2.01 INSTRUMENTATION
	A. Instrumentation required to verify readings and test the system and equipment performance shall be provided by Contractor [and made available to Commissioning Authority].  Generally, no testing equipment will be required beyond that required to per...


	Part III. PART 3 – EXECUTION
	3.01 BAS Start-Up TESTING, ADJUSTING, CALIBRATION
	A. Work and/or systems installed under this Division shall be fully functioning prior to Demonstration and Acceptance Phase.  Contractor shall start, test, adjust, and calibrate all work and/or systems under this Contract, as described below:
	1. Inspect the installation of all devices.  Review the manufacturer’s installation instructions and validate that the device is installed in accordance with them.
	2. Verify proper electrical voltages and amperages, and verify that all circuits are free from faults.
	3. Verify integrity/safety of all electrical connections.
	4. [For the following control settings, initially use the control setting that was used by existing control system, unless otherwise indicated.  For AHUs that use a throttled outside air damper position when minimum outside air is required, contractor...
	a) Optimum duct static pressure setpoints for VAV air handling units.
	b) Minimum outside air damper settings for air handling units.
	c) Optimum differential pressure setpoints for variable speed pumping systems.
	d) Calibration parameters for flow control devices such as VAV boxes and flow measuring stations.
	1) BAS contractor shall provide portable device as a minimum to the TAB [and CA] to facilitate calibration.  Connection for any given device shall be local to it (i.e. at the VAV box, wireless, or at the thermostat).  Portable operator’s terminal shal...


	5. Test, calibrate, and set all digital and analog sensing and actuating devices.  Calibrate each instrumentation device by making a comparison between the BAS display and the reading at the device.  Record the measured value and displayed value for e...
	6. Check and set zero and span adjustments for all transducers and transmitters.  Excessive signal buffering is not acceptable, span adjustments must be within 2% of their respective end points.  (i.e. Do not control a 2-10vdc actuator with a 0-10vdc ...
	7. For dampers and valves:
	a) Check for adequate installation including free travel throughout range and adequate seal.
	b) Where loops are sequenced, check for proper control without overlap.

	8. For actuators:
	a) Check to insure that device seals tightly when the appropriate signal is applied to the operator.
	b) Check for appropriate fail position, and that the stroke and range is as required.
	c) [For pneumatic operators, adjust the operator spring compression as required to achieve close-off.  If positioner or volume booster is installed on the operator, calibrate per manufacturer’s procedure to achieve spring range indicated.  Check split...
	d) For sequenced electronic actuators, calibrate per manufacturer’s instructions to required ranges.

	9. Check each digital control point by making a comparison between the control command at the CU and the status of the controlled device.  Check each digital input point by making a comparison of the state of the sensing device and the Operator Interf...
	10. For outputs to reset other manufacturer’s devices (for example, VSDs) and for feedback from them, calibrate ranges to establish proper parameters.  Coordinate with representative of the respective manufacturer and obtain their approval of the inst...
	11. Verify proper sequences by using the approved checklists to record results and submit with BAS Start-Up Report.  Verify proper sequence and operation of all specified functions.
	12. Verify that all safety devices trip at appropriate conditions.  Adjust setpoints accordingly.
	13. Tune all control loops to obtain the fastest stable response without hunting, offset or overshoot.  Record tuning parameters and response test results for each control loop in the BAS Start Up Report. Except from a startup, maximum allowable varia...
	a) Duct air temperature: ±1(F.
	b) Space Temperature: ±2(F
	c) Chilled Water: ±1(F
	d) Hot water temperature: ±3(F.
	e) Duct pressure:  ± 0.25” w.g.
	f) Water pressure:  ±1 psid
	g) Duct or space Humidity: ±5%
	h) Air flow control: ±5% of setpoint velocity.
	i) Space Pressurization (on active control systems):  ±0.05” wg with no door or window movements.

	14. For interface and DDC control panels:
	a) Ensure devices are properly installed with adequate clearance for maintenance and with clear labels in accordance with the record drawings.
	b) Ensure that terminations are safe, secure and labeled in accordance with the record drawings.
	c) Check power supplies for proper voltage ranges and loading.
	d) Ensure that wiring and tubing are run in a neat and workman-like manner, either bound or enclosed in trough.
	e) Check for adequate signal strength on communication networks.
	f) Check for standalone performance of controllers by disconnecting the controller from the LAN.  Verify the event is annunciated at Operator Interfaces.  Verify that the controlling LAN reconfigures as specified in the event of a LAN disconnection.
	g) Ensure that all outputs and devices fail to their proper positions/states.
	h) Ensure that buffered and/or volatile information is held through power outage.
	i) With all system and communications operating normally, sample and record update/annunciation times for critical alarms fed from the panel to the Operator Interface.
	j) Check for adequate grounding of all DDC panels and devices.
	k) Thoroughly clean interior and exterior of control panel per manufacturer’s instructions.

	15. For Operator Interfaces:
	a) Verify that all elements on the graphics are functional and are properly bound to physical devices and/or virtual points, and that hot links or page jumps are functional and logical.
	b) Output all specified BAS reports for review and approval.
	c) Verify that the alarm printing and logging is functional and per requirements.
	d) Verify that trends are archiving to disk and provide a sample to the [Commissioning Authority and] University for review.
	e) Verify that paging/dial-out alarm annunciation is functional.
	f) Verify the functionality of remote Operator Interfaces and that a robust connection can be established consistently.
	g) Verify that required third party software applications required with the bid are installed and are functional.

	16. Start-up and check out control air compressors, air drying, and filtering systems in accordance with the appropriate section and with manufacturer’s instructions.
	17. Verify proper interface with fire alarm system.

	B. Submit Start-Up Test Report:  Report shall be completed, submitted, and approved prior to Substantial Completion.

	3.02 Sensor CHeckout and Calibration
	A. General Checkout: Verify that all sensor locations are appropriate and are away from causes of erratic operation. Verify that sensors with shielded cable are grounded only at one end.  For sensor pairs that are used to determine a temperature or pr...
	B. Calibration: Calibrate all sensors using one of the following procedures:
	1. Sensors Without Transmitters - Standard Application:  Make a reading with a calibrated test instrument within 6 inches of the site sensor at various points across the range.  Verify that the sensor reading (via the permanent thermostat, gage or BAS...
	2. Sensors With Transmitters - Standard Application:  Disconnect sensor.  Connect a signal generator in place of sensor.  Connect ammeter in series between transmitter and BAS control panel.  Using manufacturer’s resistance-temperature data, simulate ...

	C. Sensor Tolerance:  Sensors shall be within the tolerances specified for the device. Refer to Section 15951.

	3.03 Coil Valve Leak Check
	A. Verify proper close-off of the valves.  Ensure the valve seats properly by simulating the maximum anticipated pressure difference across the circuit.  Calibrate air temperature sensors on each side of coil to be within 0.5 F of each other.  Via the...

	3.04 Valve Stroke Setup and Check
	A. For all valve and actuator positions checked, verify the actual position against the Operator Interface readout.
	B. Set pumps to normal operating mode.  Command valve closed, verify that valve is closed, and adjust output zero signal as required.  Command valve open, verify position is full open and adjust output signal as required.  Command the valve to various...

	3.05 BAS DEMONSTRATION
	A. Demonstrate the operation of the BAS hardware, software, and all related components and systems to the satisfaction of the [Commissioning Authority and] University.  Schedule the demonstration with the University’s representative 1 week in advance....
	B. The Contractor shall supply all personnel and equipment for the demonstration, including, but not limited to, instruments, ladders, etc.  Contractor-supplied personnel must be competent with and knowledgeable of all project-specific hardware, softw...
	C. Demonstration shall typically involve small representative samples of systems/equipment randomly selected by the University [and CA].
	D. The system shall be demonstrated following the same procedures used in the Start-Up Test by using the approved Commissioning Checklists.  Demonstration shall include, but not necessarily be limited to, the following:
	1. Demonstrate that required software is installed on BAS workstations.  Demonstrate that graphic screens, alarms, trends, and reports are installed as submitted and approved.
	2. Demonstrate that points specified and shown can be interrogated and/or commanded (as applicable) from all workstations, as specified.
	3. Demonstrate that remote communication abilities are in accordance with these Specifications.
	4. Demonstrate correct calibration of input/output devices using the same methods specified for the Start-Up Tests. A maximum of 10 percent of I/O points shall be selected at random by the [Commissioning Authority and/or] University for demonstration....
	5. Demonstrate that all DDC and other software programs exist at respective field panels. The Direct Digital Control (DDC) programming and point database shall be as submitted and approved.
	6. Demonstrate that all DDC programs accomplish the specified sequences of operation.
	7. Demonstrate that the panels automatically recover from power failures, as specified.
	8. Demonstrate that the stand-alone operation of panels meets the requirements of these Specifications. Demonstrate that the panels' response to LAN communication failures meets the requirements of these Specifications.
	9. Identify access to equipment selected [by Commissioning Authority] [by the University].  Demonstrate that access is sufficient to perform required maintenance.
	10. Demonstrate that required trend graphs and trend logs are set up per the requirements.

	E. BAS Demonstration shall be completed and approved prior to Substantial Completion.
	F. Any tests successfully completed during the demonstration will be recorded as passed for the functional performance testing and will not have to be retested.

	3.06 Trend Logs
	A. Contractor shall configure and analyze all trends required under Section 15955.

	3.07 Warranty Period:
	A. Warranty Period shall not commence until successful completion of the BAS Demonstration.
	B. Trending:  Throughout the Warranty Period, trend logs shall be maintained.  Contractor shall forward archive trend logs to the Commissioning Authority/University for review upon Commissioning Authority/University request.  Commissioning Authority/U...
	C. Opposite Season Testing: Within 6 months of completion of the Acceptance Phase, Commissioning Authority/University shall schedule and conduct Opposite Season functional performance testing. Contractor shall participate in this testing and remedy an...
	D. End of Warranty Visit:  Commissioning Authority/University will conduct an End of Warranty walkthrough prior to the end of the Warranty Period.  Contractor shall participate in this walkthrough and remedy any deficiencies identified.

	3.08 SOFTWARE OPTIMIZATION ASSISTANCE
	A. The Contractor shall provide the services of a BAS Technician as specified above at the project site to be at the disposal of the [Commissioning Authority/] University.  The purpose of this requirement is to make changes, enhancements and additions...
	B. The BAS Technician provided shall be thoroughly trained in the programming and operation of the controller and workstation software.  If the BAS Technician provided cannot perform every software task requested by the [Commissioning Authority/] Univ...

	3.09 BAS OPERATOR TRAINING and o&M manuals
	A. Contractor shall submit a Training Plan for the scope of training for which they are responsible.  Training Plan shall be forwarded to the Division 15 Contractor who will compile, organize, format, and forward to the Engineer for review.
	B. On-Site Training: Provide services of controls contractor’s qualified technical personnel for [five] 8-hour days to instruct University's personnel in operation and maintenance of BAS.  Instruction shall be in classroom setting at the project site ...
	1. Basic Operator Workstation (OWS) Training – For all potential users of the OWS:
	a) Brief walk-through of building, including identification of all controlled equipment and condensed demonstration of controller portable and built-in operator interface device display capabilities.
	b) Brief overview of the various parts of the O&M Manuals, including hardware and software programming and operating publications, catalog data, controls installation drawings, and DDC programming documentation.
	c) Demonstration of workstation login/logout procedures, password setup, and exception reporting.
	d) Demonstration of workstation menu penetration and broad overview of the various workstation features.
	e) Overview of systems installed.
	f) Present all site-specific point naming conventions and points lists, open protocol information, configuration databases, back-up sequences, upload/download procedures, and other information as necessary to maintain the integrity of the BAS.
	g) Overview of alarm features.
	h) Overview of trend features.
	i) Overview of workstation reports.

	2. BAS Hardware Training – For Maintenance and Control Technicians
	a) Review of installed components and how to install/replace, maintain, commission, and diagnose them

	3. BAS Technician Training
	a) Introduction to controller programming and overview of the programming application interface.
	b) General review of sequence of operation and control logic for the project site, including standalone and fail-safe modes of operation.
	c) Uploading/Downloading and backing up programs.
	d) Network administration.
	e) Review of setpoint optimization and fine-tuning concepts.

	4. Advanced Training:  Advanced Training shall be provided for [two] individuals and be provided at an off-site training facility containing installations of the proposed system.  Contractor shall pay training registration and materials fee and the Un...
	a) Contractor shall provide the standard, advanced training offering on all Control Programming Applications.
	b) Contractor shall provide the standard, advanced training offering on Advanced Installation, Configuration, Maintenance, and Network Administration.
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