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SC#

PROJECT NAME


SECTION 15975

FACILITIES MONITORING AND CONTROL SYSTEM

PART 1 - GENERAL

1.01
SECTION INCLUDES

A.
Facilities Monitoring And Control System (FMCS)

1.
Field Processing Units.

2.
Application Specific Controllers

3.
Integrators

4.
Sensors, transducers, and control components.

5.
Electronic and pneumatic accessories.

6.
Enclosures.

B.
FMCS communications wiring and components

C.
FMCS Software

D.
Fume Hood Face Velocity Monitoring and Control System

1.
Velocity sensors.

2.
Velocity controllers.

3.
Damper operators.

4.
Automatic dampers.

E.
Gas Cabinet Monitoring System

1.
Access Door Face Velocity Monitor.

1.02
PRODUCTS FURNISHED BUT NOT INSTALLED UNDER THIS SECTION

A.
None.

1.03
PRODUCTS INSTALLED BUT NOT FURNISHED UNDER THIS SECTION

A.
None.

1.04
RELATED SECTIONS

A.
Division 1: General Requirements

1.
Section 01010 - General Requirements

2.
Section 01100 - Alternates

3.
Section 01210 - Special Provisions

4.
Section 01950 - Cutting and Patching

B.
Division 7: Thermal and Moisture Protection

1.
Section 07270 - Firestopping

C.
Division 15: Mechanical

1.
Section 15510 - Hydronic Piping

2.
Section 15515 - Hydronic Specialties

3.
Section 15520 - Steam and Steam Condensate Piping

4.
Section 15684 - Centrifugal Water Chillers

5.
Section 15712 - Induced-Draft Cooling Towers

6.
Section 15855 - Air Handling Unit with Coils

7.
Section 15910 - Ductwork Accessories

8.
Section 15950 - Sequences of Operation

9.
Section 15980 – Instrumentation

10.
Section 15990 - Testing, Adjusting, and Balancing

D.
Division 16: Electrical

1.
Section 16010 - Basic Electrical Requirements

2.
Section 16110 - Conduit

3.
Section 16120 - Wire and Cable

4.
Section 16122 - Low Voltage Wire and Cable

5.
Section 16130 - Boxes

6.
Section 16141 - Wiring Devices.

7.
Section 16450 - Secondary Grounding

8.
Section 16483 - Variable Frequency Drives

1.05
REFERENCES

A.
ANSI/NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); latest version.

B.
ASTM B280 - Seamless Copper Tube for Air Conditioning and Refrigeration Field Service.

C.
California Electric Code, Articles 725, 760, and 800.

D.
NFPA 70 National Electrical Code - 1999.

E.
NEMA EMC1 - Energy Management Systems Definitions; latest version.

F.
NEMA ICS 1 - General Standards for Industrial Control Systems; latest version.

G.
NEMA ICS 2 - Standards for Industrial Control Devices, Controllers and Assemblies; latest version.

H.
NEMA ICS 6 - Enclosures for Industrial Controls and Systems; latest version.

I.
NEMA ST 1 - Standard for Specialty Transformers (Except General Purpose Type); latest version.

1.06
DEFINITIONS

A.
DDC - Direct Digital Controller or Direct Digital Control.

B.
FMCS - Facilities Monitoring and Control System, to consist of a Johnson Controls, Inc. (JCI) MetasysTM components controlling equipment directly, or working as a user interface to the Barrington Systems StarVIEWTM System 4000 or other control equipment from 3rd-Party Vendors.

C.
FPU - Field Processing Unit, consisting of JCI or Barrington Systems controllers with or without auxiliary components contained in a single enclosure.

D.
Integrator - An electronic panel used to map 3rd-party vendors' monitoring and control points into the Metasys for feature integration and standardization of operator workstation software.

E.
LAN - the existing sitewide Ethernet™ local area network.

1.07
SYSTEM DESCRIPTION

A.
Facilities Monitoring and Control System

1.
The objective of this specification section is to define the work required to expand the existing site-wide, distributed-processing Facilities Monitoring and Control System (FMCS) for control and monitoring of heating, ventilating, air conditioning (HVAC) systems as indicated in the subcontract documents.

2.
The FMCS expansion shall integrate multiple building functions including equipment monitoring and control, alarm management, energy management, historical data collection and archiving, and graphical data display.  In addition, the FMCS shall be capable of connecting directly to the existing site-wide,  Johnson Controls, Inc. Metasys FMCS.

3.
The FMCS shall provide extensive direct digital control (DDC) capabilities for both present and future applications, as well as discrete (on/off) control capabilities.  The initial installation shall include DDC temperature control of heating water systems, cooling systems, air handling units, and zone temperature and pressure controls, and discrete start/stop control of fans, pumps, boilers and chillers, as well as selected equipment monitoring functions.  The FMCS shall also provide speed control and monitoring of Variable-Frequency Drives (VFDs) specified elsewhere.

4.
The FMCS Application Specific Controllers (ASCs) shall connect directly to the Network Control Unit (NCM-350) provided by the [Subcontractor] [University].

5.
The FMCS Operator Workstation software shall include detailed object information files, systems object groups, customized graphics screens, and control routine programming.

6.
The Subcontractor shall provide all labor and materials to install all FMCS software, FMCS hardware, communications hardware and software, enclosures, interconnecting wiring, and all other FMCS components as required to complete the project.

7.
The Subcontractor shall be responsible for verifying the FMCS interface for each specified piece of equipment so as to comply with the functional requirements of these specifications.  FMCS interface modifications shall be subject to approval by the University.

8.
The subcontractor shall develop, install, test, tune and prove, and thoroughly document all applications programs.

9.
The FMCS shall not provide any fire and life safety functions.

B.
FMCS Communications

1.
The FMCS shall be connected to the existing site-wide Local Area Network (LAN) providing remote communications capability for programming, monitoring, manual over-ride, remote alarm indication and logging, and automatic collection and processing of historical data.

2.
The site-wide LAN will be hard-wired by the University to each Network Control Module (NCM).

3.
The Subcontractor shall provide and install all N2 Bus communications conduit and wiring between the NCM(s), and the Application Specific Controllers(s) (ASCs).

4.
The Subcontractor shall provide and install all N2 Bus communications conduit and wiring from each NCM to its ASCs in remote buildings by providing an interface to the existing telephone system.  The Subcontractor shall provide a 42A wiring block (termed an ICS jack), one per N2 Bus circuit, within 5 feet of the NCM, and the N2 Bus circuit from the NCM to the block.  Similarly, the Subcontractor shall provide a 42A wiring block within 5 feet of the remote FPU, and the N2 Bus circuit from the FPU to the block.  The University will provide wiring from the 42A blocks to the existing telephone system.  Locate the 42A block(s) below the FPU(s).

5.
Terminations within NCMs, FPUs, enclosures, and junction boxes installed under this Subcontract shall be the responsibility of the Subcontractor.  Terminations inside LBNL telephone panels shall be performed by LBNL personnel.

C.
Facility Monitoring and Control System Software

1.
Each NCM and ASC shall be delivered with all application software required to provide a complete and functional control system in accordance with these specifications.

2.
System and object naming conventions and control programs shall be developed in a manner consistent with those in the existing system.  WinPro and PMI object names for analog and binary inputs and outputs, and analog and binary data objects shall match.

3.
The Sub-Contractor shall develop, install, test, tune and prove, and thoroughly document all applications programs.

D.
Fume Hood Face Velocity Monitoring and Control System

1.
The Subcontractor shall furnish and install a fume hood face velocity monitoring and control system to monitor and control the measured face velocity of the fume hood independent of sash position or duct static pressure.

2.
The system shall include a face velocity sensor, indicating controller, low voltage transformer, damper actuator, damper, all low voltage wiring, and EMCS output object as indicated on the subcontract drawings.

E.
Gas Cabinet Face Velocity Monitor System

1.
The Subcontractor shall furnish the gas cabinet face velocity monitoring system to monitor the measured face velocity of the gas cabinet access doors independent of door position or duct static pressure.

2.
The system shall include an indicating monitor, face velocity sensor, low voltage transformer, all low voltage wiring, and EMCS output object as indicated on the subcontract drawings.

1.08
SUBMITTALS

A.
Pre-Construction Submittals

1.
Submit under provisions of Section 01010, General Provisions for all equipment prior to ordering or fabrication.  No deviations from the submittals as approved shall be permitted and any materials purchased prior to approval shall be at the sole risk of the Subcontractor.

2.
All submittal data shall be the same size for any group of information, shall be 2-sided whenever possible, and shall be bound or in a three-ring binder as appropriate.  All information shall include a Table of Contents and be indexed and tabbed with reference to the specific section of the specification.  If catalog cut sheets or published materials include information not applicable to the item furnished, the Subcontractor shall rule out all superfluous data.  Indicate all options or accessories to be provided and cross out or strike through those not to be provided.  Indicate part numbers to be ordered with all options.

3.
Administrative Data:  Submit name, address and telephone number of the local representative; and a guarantee that the Subcontractor will provide a maximum 24 hour on-site response to trouble calls at any time of day during the warranty period.

4.
Shop Drawings:  Submit all drawings required for the construction, commissioning, maintaining, and future expansion of the system which are in addition to the subcontract drawings.  The Subcontractor shall adequately check each in an orderly and consistent manner.  The title block shall bear the names and signatures of the employees who drew, checked, and approved them.

a.
All drawings prepared by the Subcontractor shall be developed using the AutoCADTM version 14 or VisioTM computer-aided drafting program.  All drawings shall be a maximum ANSI size D.  All notations, dimensions, and lettering shall be no smaller than 1/8" on 'D' size drawings.  Font style shall be Simplex or RomanS.  The correct orientation (North arrow) and elevation shall be shown on all plan views.  

b.
The drawings shall be sequenced in a logical order, such as building and floor numbers in ascending order.  With the exception of common construction details, each drawing shall depict work in a single building or panel.  Floor plans of existing buildings provided by LBNL shall be shown faded on the drawings so that the new work is highlighted.

c.
The Title Sheet shall include the project name, list of drawing titles, list of abbreviations, and a symbol legend.  All abbreviations and symbols used on the drawings shall be included in the list of abbreviations and symbol legend, respectively.

d
Communications block and riser diagrams shall show the general arrangement of the panels and their relationship to each other through the local area networks to be used.

g.
Floor plans (scale: 1/4" = 1 ft. 0" scale preferred, 1/8" = 1 ft. 0" scale min.) shall show all power panel, communication panel, control panel, equipment panel, sensor, controlled equipment, and interfaced equipment locations.

e.
Show all components in dimensioned panel layout diagrams including, but not limited to disconnect switches, transformers, power supplies, electronic panels, switches, terminal strips, transducers, relays, and interconnections.  

f.
Elementary wiring diagrams shall show all input/output point wiring, communications wiring, and any pneumatic tubing required.  Show all internal and interconnecting wiring points of termination with all connectors and terminals identified.  The physical address for each analog and binary input and output object shall be the same as the order listing developed by WinPro and displayed in the CSobject for each application specific controller.

g.
A typical flow and control diagram shall be developed for each system type.  Each flow and control diagram shall show the appropriate placement of new sensors, valves, etc.

h.
Equipment schedules shall list in a tabular form all operating characteristics for the systems to function properly.  Include identification labels and special requirements.

5.
Product Data:  Submit technical product specification sheets for each system component and device which includes all data needed to prove compliance with this specification.  Clearly indicate the exact model of each component to be provided.

6.
Manufacturer's Installation Instructions:  Submit for all components being provided under this section.

7.
Labeling:  Submit a sample of the proposed labeling method for components, wires, and terminals.

B.
Pre-Commissioning Submittals

1.
Submit under provisions of Section 01010, General Provisions prior to performing functional testing.

2.
Operator's and programmer's manuals:  Submit for all operating, user, and application software provided including all FMCS and third-party software furnished.

3.
Project-Specific Submittals:  Submit a representative sample of each of the following prior to development of each for the entire project.  Once the University's approval has been obtained for the representative sample, provide complete submittals for the entire project.

a.
Systems Object Groups:  Include printouts of all Systems Object Groups developed for this project.

b.
Input/Output Object Testing:  Include copies of all Testing Documentation Forms to be completed for this project recording at a minimum (as applicable):  hardware address, object name, device type, transmitter type, signal range, signal formula, and readout formula.

c.
Software Documentation:  Submit input/output point name definitions, data object name definitions, a complete listing of control routine file names, a printout of each control routine, an English-language textual description of each control routine's function, and a printout of each system grouping and graphic display for this project.

d.
Sequence of Operation Testing:  Submit a copy of the Sequence of Operation annotated with the Subcontractor's testing methods proposed to be performed to prove compliance with the specification.

C.
Project Record Documents

1.
Submit under provisions of Section 01010, General Provisions.

2.
The subcontract drawings shall be submitted with the Subcontractors' markings which record the installed conditions from which the University will produce the "as-builts".  Show actual locations of all system components and affected equipment including NCMs, ASCs, integrators, and electrical panels.

3.
Submit all electronic files developed for this project including shop drawings, object definitions, control routines, graphical displays, 3rd-party equipment interfacing, and the LBNL Metasys WinPro Programmers Manual.

4.
Submit shop drawings revised to show the "as-built" conditions in AutoCAD™ version 14 or Visio™ format.  Accurately record power, communications, sensor, and control cable routing, numbering and termination configurations.  Accurately record mounting details.

5.
FMCS configurations:  An ASC Configuration Schedule shall be attached to the inside of each panel, recording at a minimum:  ASC#, location, network address, jumper settings, power source panel name, and circuit number.

6.
Complete original-issue documentation and software diskettes for all third-party software furnished and installed as a part of the system or required for the operation of the system including control language program and compiler, database managers, graphics, and communications software.

7.
Complete original issue-documentation, installation, and operational manuals and supporting software for all third-party hardware furnished and installed as a part of the system or required for the operation of the system, including communications hardware.

D.
Operating and Maintenance Data

1.
Submit under provisions of Section 01010, General Provisions.

2.
Include a project information sheet including project name, building(s), and Subcontractor contact information.  Include name, address, and phone number of the service representative to be called in the event of equipment failure.  Include a Statement of Guarantee including date of termination.

3.
Include operation and maintenance documentation for all equipment and devices, including communications equipment, and all other FMCS equipment furnished.  Documentation shall include manufacturer's model number, manufacturer's installation instructions, range setting, setpoints, switch settings, jumper positions, adjustment procedures, frequency of inspection, recommended cleaning methods and materials, testing methods, and calibration tolerances.  In the event such manuals are not obtainable from the manufacturer, it shall be the responsibility of the Subcontractor to compile and include them.  Advertising brochures shall not be used in lieu of the required technical manuals.

4.
FMCS configurations:  Copies of all ASC Configuration Schedules which were attached to the inside of each FPU panel, recording at a minimum:  ASC#, location, network address, jumper settings, power source panel name and circuit number.

5.
Include copies of all Testing Documentation Forms completed for this project.

6.
Operator's Manual shall include step-by-step procedures for logging on/off, interrogating the system, producing reports, acknowledging alarms, and overriding computer control.

7.
Software documentation shall include input/output object name definitions, data object name definitions, a complete listing of control routine file names, a printout of each control routine, an English-language textual description of each control routine's function, and a printout of each system grouping and graphic display for this project.

8.
Include a copy of the Sequence of Operation with the Subcontractors' notes recording proof of function.

E.
Documentation of Changes During Warranty Period

1.
During the warranty period, all copies of the drawings and manuals shall be updated to include all hardware and software changes which were required to solve problems covered by the warranty.

1.09
QUALITY ASSURANCE

A.
Service:  The Subcontractor shall have a service office which has been established for a minimum of five years and is staffed with factory-authorized service technicians capable of servicing all aspects of the FMCS.  This office shall have an emergency service available and shall provide a maximum 24 hour on-site response to trouble calls at any time of day.

B.
UL/ETL:  All new FMCS components shall be listed as suitable for the purpose specified and shown on the drawings by Underwriters Laboratory (UL), Electronic Testing Laboratories (ETL), or other nationally-recognized testing service certified for testing in accordance with UL standards, wherever such products are available.

1.10
DELIVERY, STORAGE AND HANDLING

A.
Care should be taken to prevent damage to materials and equipment during loading, transporting and unloading.  Equipment shall be delivered in their original packaging.  Equipment and materials shall be stored inside or protected from the weather.

1.11
SEQUENCING AND SCHEDULING

A.
Coordination

1.
Coordinate work under provisions of Section 01010, General Provisions, and Section 01210, Special Provisions.

2.
Coordinate installation of system components with other mechanical and electrical systems equipment being interfaced such as air handling units and motor control centers.

1.12
WARRANTY

A.
Comply with the requirements of Section 01010, General Requirements.

1.
Warranty services shall be provided by the Subcontractor for one (1) year after final system acceptance in accordance with Section 01010, General Provisions.  These services shall consist of manufacturer's factory-trained representatives providing emergency repair service with on-site response within 24 hours of call, all test equipment and hardware necessary for maintenance and repair work and installation of any hardware or software modifications designed to improve system performance or eliminate known problems or deficiencies.

2.
During the warranty period, provide new or revised documentation showing all changes required to solve system problems.

3.
Submit written reports on each service or inspection to the LBNL Project Manager during the warranty period.

PART 2 - PRODUCTS

2.01
MANUFACTURERS

A.
Facilities Monitoring and Control System (FMCS)

1.
The FMCS shall be Johnson Controls, Inc. MetasysTM.

B.
Substitutions

1.
No substitutions will be allowed for the Johnson Controls, Inc. MetasysTM equipment.  For all other equipment and components, comply with the requirements of Section 01010, General Provisions.

C.
Local Vendors

1.
CPC Technologies, Inc., 473 Roland Way, Oakland, CA 94621 (510) 729-0700

2.
Direct Digital Controls, Inc., 3211 Luyung Drive, Rancho Cordova, CA 94742 (916) 851-1600

3.
Johnson Controls, Inc., 3526 Breakwater Court, Hayward, CA 94545 (510) 783-4000

2.02
MATERIALS

A.
All equipment supplied under this subcontract shall be new and contained in the original manufacturer's packaging.

B.
Unless approved in writing by the University, all products used in this subcontract shall have the same manufacturers model numbers installed in at least ten sites prior to this installation.  All sites shall be located in the United States.

C.
All products used in this installation shall be currently under manufacture and shall be expected to have available, for at least ten years after completion of the subcontract, a complete line of spare parts.

2.03
EXISTING PC WORKSTATIONS DESCRIPTION

A.
All PC Workstations for this project are existing and are connected to the LBNL Ethernet local area network.  No new PC Workstations shall be provided for this project.

B.
An existing PC workstation, to be determined at the time of commissioning, shall be configured with JCI MetaSys Person-Machine Interface software.

2.04
OPERATOR WORKSTATION INTERFACE

A.
Person-Machine Interface Operator Workstation Software

1.
The Subcontractor shall provide and install one (1) copy of the Johnson Controls Inc. Metasys Person-Machine Interface operator workstation software.  The objects shall be grouped into logical systems for display on the operators’ workstations.  Alarms shall be muted for objects within a mechanical systems group when the primary equipment is not in operation, and for a user-definable period of time after the primary equipment begins operation.

B.
Graphical User Interface Description

1.
The Subcontractor shall provide and install one (1) copy of the Graphical User Interface operator workstation software.  Dynamic values and status indications shall automatically update to represent current conditions without operator intervention.  The FMCS shall show changes of states or values on the dynamic data displays within 15 seconds of being detected by an NCM.

C.
Graphic Programming Language

1.
The Subcontractor shall provide and install one (1) copy of the Graphical Programming Language (GPL) operator workstation software.  The GPL feature shall provide a means to create control strategies and compile them into processes for execution by the FMCS.  

D.
Win-Pro Programming Language

1.
The Subcontractor shall provide a copy of the Win-Pro Programming Language operator workstation software.  The Win-Pro feature shall provide a means to create control strategies and compile them into processes for execution by the ASCs.  

2.05
FIELD PROCESSING UNITS (FPUs)

A.
FPU numbering shall be as shown on the Subcontract drawings and shall be used by the Subcontractor to name the panels to be provided.  FPU-nn-nn shall be a Johnson Controls, Inc. NCM-350 to match existing.  FPU-nn through nn-nn shall consist of Johnson Controls, Inc. Application Specific Controllers and all other equipment for that enclosure as indicated on the subcontract drawings.

2.06
NETWORK CONTROL MODULES (NCMs)

A.
All NCMs shall be provided equipped with an Ethernet connection board and 8 megabytes of memory.  A sufficient number of NCMs shall be supplied to fully meet the project requirements. All NCMs shall be housed inside enclosures rated NEMA-1 or greater.

B.
Each NCM shall operate independently by performing its own specified control, alarm management, operator I/O, and historical data collection.  Any failure of the Ethernet local Area network shall not interrupt the execution of control strategies at an NCM. 

C.
Isolation shall be provided at all network terminations in compliance with IEEE Standard 587-1980 to suppress induced voltage transients.

2.07
APPLICATION SPECIFIC CONTROLLERS (ASCs)

A.
The Subcontractor shall provide JCI Metasys ASCs for the applications shown on the drawings.

2.08
ENCLOSURES AND ELECTRONIC ACCESSORIES

A.
Enclosures shall be NEMA 1 or equivalent, with manufacturers standard finish.  The door shall be hinged and be held closed by a latch operable with a key.  All enclosure lock assemblies shall be keyed to match LBNL standard panel keys.  The key type and number will be provided by LBNL within one week of the Subcontractors request.  "Coin-operated" latch knobs are specifically prohibited.  The enclosures shall be no larger than is necessary to house the equipment enclosed and a maximum 6" deep.  Manufacturer shall be Hoffman, Kele & Associates, Circle AW Products Co., Siebe, or equal.

B.
All outside mounted enclosures shall meet the above requirements plus those of NEMA-3R.

C.
Each enclosure shall have a disconnect switch to separate incoming power from all internal components.

D.
Power supplies shall be Underwriters Laboratories Rated, surface-mounted, 120 VAC input, 24 VDC output, a minimum of 1.0 Amp.  The DC voltage level shall be adjustable.  Power supplies shall be protected by a replaceable fuse or circuit breaker and contain short circuit, thermal overload, inrush, and line voltage spike protection circuitry.  Manufacturer shall be Kele & Associates, Mamac Systems, or equal.

E.
Control power transformers shall be listed for Class 2 service, surface-mounted, 120 VAC input, output voltage to match devices served, and rated for not less than twice the expected current load.  Power transformers shall be protected on the primary or secondary by a replaceable fuse or circuit breaker.  Manufacturer shall be Jefferson, Grainger, Siebe, or equal.

F.
Terminal blocks shall meet the requirements of ANSI/NEMA ICS 4.  Signal and control terminals shall be modular construction type, channel mounted, tubular pressure-screw connectors, rated 600 V.  Power terminals shall be unit construction type, closed back with tubular pressure-screw connectors, rated 600 V.  Each terminal shall be tagged with an identification matching that shown on the drawings.  Manufacturer shall be Buchanan, or equal.

G.
The wiring within all enclosures shall be run in plastic wireways.

H.
All enclosed assemblies shall be certified to comply with UL Standard 508A for Control Panel Assemblies.  The enclosed assemblies shall be labeled by a company which is qualified to use the listing mark on panels which have been found to be in compliance with UL Standard 508A.

I.
Each enclosure shall be provided with a permanently attached, conspicuously located engraved plastic laminated identifying nameplate, black with white core, minimum of ½ inch height.  Identification shall be consistent with device or panel designations used in the Subcontract documents.

J.
Each terminal strip termination shall be tagged with an identification matching that shown on the approved shop drawings.

K.
Each wire in the FPU shall be tagged with a numbering system traceable to its associated hardware address.

2.09
RELAYS

A.
Control relays within the FPU shall be integral to the ASC or plug-in, snap-mounted, with hold-down clip; coil 24 VAC or 24 VDC; contacts 10 Amps at 120 VAC or 7 Amps at 240 VAC; number of form C contacts; be enclosed in a dustproof enclosure, have an LED indicator light, and be rated for a minimum of one million operations.  The coils shall be equipped with transient suppression devices to limit transients to 150% of the rated coil voltage.  The relays shall be as manufactured by Potter-Brumfield, IDEC, Kele & Associates, or equal.

B.
Control relays external to the FPU, switching 240 VAC maximum, same type as  control relays within the FPU.

C.
Control relays external to the FPU, switching 277-480 VAC; industrial control relay; contacts 600 VAC, 10 Amps, 1 NO and 1 NC minimum, coil voltage as required, Westinghouse, Allen Bradley, Square D, or equal.  Review coil VA requirements and increase size of FPU 24 VAC transformer and circuit breaker if needed.

D.
Power relays external to the FPU, switching 240 VAC maximum; shall be base mounted, 20 Amps, contacts and coil voltage as required, Westinghouse, Allen Bradley, Square D, or equal.  Review coil VA requirements and increase size of FPU 24 VAC transformer and circuit breaker if needed.

E.
Current Monitoring (CM) relay: solid state, form C contact, self-powered, adjustable trip; Nielsen-Kuljian, Time Mark, Kele & Associates, or equal.

2.10
PNEUMATIC SYSTEMS ACCESSORIES

A.
Pressure reducing valve shall be rated for 400 psig input, output adjustable from 0-50 psig, have a valved bypass, and pressure gage on inlet and outlet Manufacturer shall be Johnson Controls R-130, Siebe AL-483, or equal.

B.
Pressure relief valve shall be ASME Code Rated and labeled for high pressure side and sized for installed capacity of pressure regulators at low pressure.  Set at maximum 20 percent above low pressure.

C.
Supply air filter shall have 5-micron absorbent pre-filter and coalescing 0.03-micron oil filter.  Manufacturer shall be Johnson Controls A-4000-134, Siebe AL-437, or equal.

D.
Pressure gages shall be manufacturer's standard black letters on white background, 1.5 inch minimum diameter, flush or surface mounted, with front calibration screw, suitable dial range calibrated to match sensor or transducer, in appropriate units.  Manufacturer shall be Johnson Controls G-2010, Siebe AKS-6287, or equal.

E.
Tubing shall be copper outside of enclosures or conduit, and fire retardant polyethylene inside enclosures or conduit.  Fire retardant polyethylene is acceptable above suspended ceilings with written approval from the LBNL Project Manager.

F.
Copper tubing shall be ASTM B280, Type K, seamless, hard drawn or annealed.  Fittings shall be ANSI/ASME B16.22, wrought copper.  Joints shall be ANSI/ASTM 95-5 tin antimony.

G.
Polyethylene tubing shall be black, flame retardant, virgin polyethylene, conforming to modified ASTM D1693 test.  Fittings shall be UL approved, rod or forged brass rated to 200 psig at 1000 F.  Joints shall be Compression or barbed type.

H.
Electric solenoid air valves shall have a three port operation: common, normally open, and normally closed.  They shall have an outer cast aluminum or brass body with internal parts constructed of brass, bronze, or stainless steel.  They shall be rated for minimum 50 psig when used for 25 psig or less applications, or rated for minimum 150 psig when used for 100 psig or less applications.  The coils shall be equipped with transient suppression devices to limit transients to 150 percent of the rated coil voltage.  Manufacturer shall be Johnson Controls V11, Kele & Associates model 35A, Siebe AL-100, or equal.

I.
Gage cocks:  Tee or lever handle, bronze, rated for 125 psig (860 kPa).

2.11
ELECTRIC/PNEUMATIC (E/P) TRANSDUCERS

A.
E/P transducers shall be 4-20 mA DC or 0-10 VDC input and 3-15 PSIG output and linearity and hysteresis not greater than 1.5% of span.  Manufacturer shall be Johnson Controls, Mamac, Parker Pneutronics, Siebe, or equal.

B.
Analog output objects and electric-to-pneumatic transducers shall be matched to final control device actuators so as to provide a minimum incremental resolution of not greater than 0.5% of span over the entire control span of the final control element actuator.  Electric-to-pneumatic transducers shall have a minimum volume capacity sufficient to achieve full- stroke operation of the controlled pneumatic actuator(s), with a minimum cycle time from full-closed to full-opened (and vice versa) of not greater than one minute.

C.
Subcontractor shall furnish volume boosters or positioners if necessary to insure compliance with this minimum supply and bleed capacity requirement.

2.12
GLOBE CONTROL VALVES

A.
Two-way globe control valves shall be fully proportioning with modulating plugs for equal percentage flow characteristics.  Valve trim shall be suitable for steam service.  The valve stem assembly shall be fashioned from high-grade stainless steel.  To ensure tight shutoff, the throttling plug shall incorporate a replaceable, erodible disc matched for the expected type of service. The bonnet, stem, and plug assembly shall be removable for servicing.

B.
Control valves and actuators shall be of the size, Cv, and spring ranges as indicated on the drawings.

C.
Globe valves 1/2" through 3/4" shall be constructed with a cast brass body; bronze trim; rising stem; renewable composition disc; and screwed, flared, or union ends.  They shall be available as normally open or normally closed and be of a straight through or angled design.  Body rating shall be minimum 150 psi at 350oF.

D.
Globe valves 3/4" through 2" shall be constructed with a cast brass body; bronze trim; rising stem; renewable composition disc; and screwed ends.  They shall be available as normally open or normally closed and be of a straight through design.  Body rating shall be minimum 150 psi at 350˚F.

E.
Globe valves 2-1/2" through 6" shall be constructed with a cast iron body; stainless steel stem, brass plug, replaceable composition disc; and flanged ends.  It shall be available as normally open or normally closed and be of a straight through design.  Body rating shall be minimum 175 psi at 150˚F.

F.
Manufacturer shall be Johnson Controls VG-72xx/VG78xx series, Robertshaw VB 9213, Siebe VB 92XX, or equal.

G.
Control valve actuators shall be manufacturer's standard for the control valve chosen, with a spring range required to sequence the valve with other associated devices such as other valves, dampers, and variable air volume boxes.

2.13
BUTTERFLY CONTROL VALVES

A.
Two-way butterfly control valves shall provide bubble tight shutoff with the disc closed and have an extended neck to allow insulation above the mating flanges.  The shaft shall be a one-piece design.  A stainless steel torque plug or tangential pins shall provide a positive, leak-proof connection between the disc and stem.  The upper and lower inboard stem bearings shall be isolated from the line media.

B.
Control valves  and actuators shall be of the size, Cv, and spring ranges as indicated on the drawings.

C.
Liquid control butterfly valves shall be constructed with a ductile or cast iron body, ductile iron, cast iron, or bronze disc, 316 or 416 stainless steel stem and torque plug, BUNA-N seat and stem packing, and flanged ends.  Body rating shall be minimum 175 psi at 212oF.

D.
Steam control butterfly valves shall be constructed with a ductile or cast iron body, ductile iron, cast iron, or bronze disc, 316 or 416 stainless steel stem, EPDM or Nordel resilient seat, BUNA-N stem packing, and flanged ends.  Body rating shall be minimum 175 psi at 250oF.

E.
Butterfly control valves shall be manufactured by Keystone, De Zurik, or Grinnell.

2.14
Head Pressure Control Valves

A.
Head pressure control valves shall be direct acting models to open on an increase in pressure, typically used for regulating water-cooled condensers.  The valve bodies shall be constructed of bronze.  The pressure setpoint shall be indicated on the valve and easily adjustable.  The interior of the valve shall be accessible without removing the valve from the refrigeration system or pumping down the systems refrigerant.  Manufacturer shall be Johnson V46 Series or equal, no known equal. 

2.15
ACTUATORS

A.
General Requirements

1.
Actuators shall be provided with a spring range required to sequence valves and dampers as applicable.  Actuators to be mounted outside of a building shall be provided with a rain cover.

B.
Pneumatic Actuators

1.
Pneumatic actuators shall be rolling diaphragm, spring loaded, piston type with pilot positioner, spring range, and spring return to normal position as indicated on the drawings.  Manufacturer shall be Johnson, Siebe, Robertshaw, or equal Landis & Staefa.

C.
Electric Actuators

1.
Electric actuators shall accept an analog 0-10 VDC signal with an adjustable start point, and manual override capabilities.  The actuators shall be powered by 24 or 120V/60HZ and shall be spring return with failure to normal position on power interruption as indicated on the drawings.  Manufacturer shall be Johnson M9100/M9200 series, Siebe MP-5430, or equal Kreuter, Modutrol, or Belimo.  Neptronics are specifically unacceptable.

D.
Isolation Valve Actuators

1.
Electric actuators shall be powered by a 4,600 in-lb. torque, integral, single phase, 120V/60HZ reversible, overload protected motor.  The actuator shall have a manual override such that the valve cannot be operated electrically while in the override mode.  Gears and shafts shall be manufactured of heat treated, high alloy steel.  Actuator shall have a visual output shaft position indicator.  Actuator shall have two SPDT adjustable end switches.  Manufacturer shall be True Torq Model 800, Bray Series 71, or equal Worcester, or Grinnell.  Neptronics are specifically unacceptable.

E.
Head Pressure Control Valve Actuators

1.
Electronic actuators for head pressure control shall be Gear Train type, spring return to normally open position.  Minimum torque rating 50 in.-lb., 24 VAC input power, control input board to accept linear 0-10 VDC signal.  Actuator to include valve adapter kit.  Manufacturer shall be Johnson M130, Siebe MM 500, or equal Landis & Staefa.

2.16
TEMPERATURE SENSORS

A.
Drybulb temperature sensors shall be 500 or 1000 ohm, nickel wire-wound or platinum RTD elements, Johnson T6000 series, Hy-Cal RTS-series, Mamac 'TE' series, Kele & Associates ST-AV91, or equal.

B.
Duct temperature sensors shall include duct mounting plate and termination enclosure.  For outdoor applications, termination enclosure shall be liquid-tight with gasket cover and liquid-tight conduit connections.

C.
Supply air and mixed air sensors shall have minimum five-(5) foot averaging sensing elements.  Return air sensors shall be 'single-point' sensors.

D.
Zone temperature sensors shall include mounting base and blind cover, appropriate for surface-mounting in a finished room.  Zone temperature sensors shall also include a push-button for building occupant override of temperature control setpoints.

E.
Outside air temperature sensors shall include dual concentric radiation shields and threaded mounting.

F.
Water temperature sensors shall include a ¼-inch stainless steel sheath, threaded NPT mounting fitting, and termination enclosure.

G.
Thermowells shall be brass or copper for use in condenser, chilled or low temperature (less than 250(F) hot water lines, and 300 series stainless steel for measuring flue gases and for all other applications.  Manufacturer shall be Kele & Associates WEL-n, Johnson Controls WELn-n, or equal.

H.
Surface-mount liquid temperature transducers shall be platinum thermal ribbon type, accuracy + 1.5(F, and range selected to match the range of the liquid being sensed.  Manufacturer shall be Landis & Gyr 536 series, or equal.

I.
Dewpoint temperature sensors shall have a sensing range of no greater than 30 degrees Fahrenheit for the low end and no less than 100 degrees Fahrenheit for the high end.  Accuracy from 30 to 100 degrees Fahrenheit shall be no worse than 3 degrees Fahrenheit.  Dewpoint temperature transmitters shall have a 4-20mA output signal, which corresponds linearly to the sensing range.  Dewpoint temperature transmitters shall be Kele & Associates DP-3, EdgeTech Model 200 or equal.

2.17
DIFFERENTIAL PRESSURE SENSORS

A.
Shall convert mechanical motion created by pressure change using variable capacitance method.  The transducer shall have a 10:1 span turndown ratio and a linear 4-20 mA output.  Accuracy and stability (6 months) shall be plus or minus 0.25% maximum.  Environmental limits shall be -200F to 1800F and 0-100% relative humidity minimum.  Unit shall have continuously adjustable Span and Zero.  Unit shall operate on an external power supply at 12-45 VDC with no load.  Unit shall have built-in RFI filter effective for 27-500MHz.

B.
Materials of construction shall include plated carbon steel process flanges and vent/drain valves, 316 stainless steel seal diaphragm, VitonTM wetted O-Ring, silicon oil fill liquid, zinc plated carbon steel bolts, low-copper aluminum electronics housing with a NEMA 4 enclosure.  The unit shall be factory painted with an epoxy-polyurethane.

C.
Manufacturer shall be ITT Barton, Rosemount, Fischer-Porter, or equal.

USE THE PARAGRAPH ABOVE OR BELOW FOR D.P. SENSORS
2.17
PRESSURE SENSORS

A.
Differential pressure sensors/transducers shall be solid-state, strain-gage, variable capacitance, or variable reluctance with 4-20 milliamperes output.  Accuracy shall be + 1% of calibrated range, the zero and span shall be adjustable, over pressure protection shall be a minimum 150% of rated maximum pressure, and range selected for no more than 50% greater than the expected maximum operating differential pressure.  Manufacturer shall be Johnson DPT-2641 series, Mamac PR-274, Setra C-264, Modus T30, Kele & Associates 160C, or equal.

B.
Differential pressure sensors/transducers for reading differential in applications where either leg may be high pressure (e.g. labs with respect to corridors) shall be compound sensors, capable of reading positive or negative differentials, with zero differential at mid-span.  Transducers shall meet all other requirements of paragraph A above.  Manufacturer shall be Johnson DPT-2641 series, Mamac PR-274, Setra C-264, Modus T30, Kele & Associates 160C, or equal.

C.
Building static pressure sensors/transducers shall be very low differential type with temperature compensation, zero and span adjustments, scale range 0.0 to maximum 1500 kPa (0.0 to 6.0 inch wg) positive or negative, and sensitivity of 6.25 kPa (0.025 inch wg) maximum.  Transducers shall meet all other requirements of paragraph A above.  Manufacturer shall be Mamac PR-274, Kele & Associates 160C, or equal.

D.
Pressure sensors for gas, liquid, refrigerant, or steam service shall have 17-4PH, 304, or 316 stainless steel media for wetted parts.  Transducer shall be single-pipe, direct acting, with range no more than 50% greater than the expected maximum input, [external zero and span adjustments,] a 4-20 milliamperes output, [be provided with a local gauge,] and be contained in a NEMA 4 housing.  Manufacturer shall be Kele & Associates PSS Series, Foxboro 1150, Setra, or equal.

E.
Differential pressure switches shall be field adjustable from 0.05 to 12.0-inch wg minimum and have a minimum of one set of SPDT contacts.  Manufacturer shall be Robertshaw 2374-410, Siebe PC-301, Johnson Controls P10 or P32, or equal.

F.
NA

2.18
CURRENT sensoRS

A.
Current sensors (CTs) for input directly into the EMCS shall deliver a 4-20 milliampere or 0-5VDC signal proportional to the rated input range.  Insulation shall be minimum 10 KV BIL for 600 volt class devices.  Accuracy shall be + 0.5%.  Manufacturer shall be Veris Hawkeye H-922, Kele & Associates, or equal.

2.19
HUMIDITY SENSORS

A.
Relative humidity sensors/transducers shall operate over a zero to 100 percent RH range and be supplied with a 4 to 20 mAdc transmitter.  They shall be immune to damage and requiring re-calibration from oil vapors, dust, condensation, and operation over a 0°F to 120°F temperature range.  The sensors shall have an accuracy of ± 2% RH over the full range with a time constant of less than 60 seconds.  If the sensors require regular calibration, then any chemicals or special tools required shall be supplied by the Subcontractor to the University.  Thin film polymer type sensors are acceptable.  Mechanical type sensors, which depend on the weight or dimension change of a material, are not acceptable.  Manufacturer shall be Vaisala HMW60U, TSI 'TH' series, Kele & Associates HD10K, Honeywell, or equal.

2.20
LIQUID FLOW METERS

A.
Differential pressure type flow meter manufactured to comply with American Water Works Association Standard C704-70.  The sensor shall include safety shut-off valves and quick coupling connections.  Pressure and temperature ratings shall be 300 psig and 160¡F, respectively.  Tube and top-plate shall be made of epoxy coated carbon steel.  The bearing assembly including impeller shaft, bearing spacers, and seal sleeve shall be constructed of 316 stainless steel.  Magnets shall be permanent type, cast or sintered alnico.  The sand shield shall include brass shell, Buna-N wiper and separators.  The bearing housing shall be brass or stainless steel.  The body shall be manufactured of carbon steel pipe conforming to A.S.A. pipe schedule, fitted with 150 lb. A.W.W.A. Class D flanges and straightening vanes.  Sensor accuracy shall be + 1% over a flow turndown of 10 to 1.  Electronic transmitter to be provided with the flow sensor shall match the flow sensor range and have an accuracy of + 0.5% throughout the specified range, a linearity of 0.1%, and shall provide a 4-20mA linear output when powered by an external 24 VDC power supply.  Subcontractor shall include a permanent metal tag indicating design flow rate, metered fluid, line size, and station or location number.  Manufacturer shall be Dieterich Standard Annubar Diamond II, or equal, no known equal.

OR
A.
Liquid flow meters shall be annular element flow stations with meter set.  The measuring station shall be stainless steel nipple section or weld insert type, rated to 275 psig (1\896 kPa) at 400°F (204°C), with safety shut-off valves and quick coupling connections.  Subcontractor shall include a permanent metal tag indicating design flow rate, metered fluid, line size, and station or location number.  Accuracy of flow measuring elements shall be plus 0.55 or minus 2.3 percent.  Manufacturer shall be Annubar Diamond II, Onicon, or equal.

B.
Portable Meter Set:  Dry single diaphragm type pressure gage with 6 inch (150mm) dial pointer, stainless steel wetted metal parts, variable pulsation damper, equalizing valve, two bleed valves, and master chart for direct conversion of meter readings to flow rate, mounted in rust proof carrying case with two ten foot (3m) long rubber test hoses with brass valves or quick connection for measuring stations.

OR
A.
Liquid flow meters shall be forward-swept impeller type sensor with transmitter.  The sensor shall be constructed of stainless steel, rated to 400 psig at 200°F, mount in a 2" pipe saddle or Thredolet™ in pipe sizes from 3" to 40", and be installed in a full-port ball valve for servicing.  Sensor accuracy shall be + 1% of full scale between velocities of 1 to 30 feet/second.  Transmitter shall output 0-10 VDC or 4-20 ma to the EMCS.  Subcontractor shall include a permanent metal tag indicating design flow rate, metered fluid, line size, and station or location number.  Manufacturer shall be Data Industrial 226SS/750M, or equal, no known equal.

2.15
EXHAUST FAN ISOLATION DamperS

A.
Isolation Dampers

1.
Dampers shall have a closed cell neoprene seal.  The design pressure of the damper shall be 10” water gage.  The damper shall be welded design.  All “pressure retaining” weld joints and seams shall be continuously welded.  All welders and welder operators shall be qualified in accordance with ASME Boiler and Vessel Code, Section IX.  Damper shall be sized to match the ductwork in which it will be inserted.

2.
Flanges shall be a minimum of 1-1/2” wide.  Factory drilled bolt holes (7/16” diameter) shall be no more than 4” apart as recommended in ERDA 76-21, “Nuclear Air Cleaning Handbook”.

3.
The frames shall be 16 gauge minimum T-304 stainless steel, unpainted.

4.
All shaft and linkage components of the blade shall be manufactured from 300 series stainless steel.  Shafts shall be ½” diameter minimum stainless steel rod with shaft seals.

5.
Blade shall be16 gauge minimum round type 304 stainless steel backdraft damper.

6.
Manufacturer shall be Arrow United Industries Type 581R for stainless steel ductwork, or equal, no known equal.

B.
Isolation Damper Actuators

1.
Damper actuators shall be pneumatic, 80 psig operating range, with adjustable starting pressure.  The actuator shall be positioned to fail the damper to the closed position with spring return.  Provide for mounting damper position indicator.  Manufacturer shall be Bettis RPC Series, Hytork model XL-130, or equal.

2.
Damper position indicator shall include visual indication and end switches for both open and closed in a NEMA-4 housing.  Manufacturer shall be Westlock Controls Accutrak Series, or equal, no known equal.

3.
Solenoid valve shall be 3-way, voltage to match available source, ¼” NPT minimum, for positioning pneumatic damper actuator.  Manufacturer shall be ASCO 8320 Series, CATS-4, or equal.

2.16
GENERAL EXHAUST DamperS

A.
General Exhaust Dampers

1.
The design pressure of the dampers shall be 10” water gage.  The damper shall be opposed blade design.  Dampers shall be sized as scheduled on the drawings.

2.
Flanges shall be a minimum of 1-1/2” wide.  Factory drilled bolt holes (7/16” diameter) shall be no more than 4” apart as recommended in ERDA 76-21, “Nuclear Air Cleaning Handbook”.

3.
The frames shall be 16 gauge minimum, type 304 stainless steel, unpainted.

4.
All shaft and linkage components of the blade shall be manufactured from 300 series stainless steel.  Shafts shall be ½” diameter minimum stainless steel rod with shaft seals.

5.
Blades shall be16 gauge minimum, type 304 stainless steel.

6.
Manufacturer shall be Arrow United Industries Model 423 for stainless steel ductwork, or equal, no known equal.

A.
General Exhaust Damper Actuators

1.
Electric actuators shall accept an analog 0-10 VDC signal with an adjustable start point, and manual override capabilities.  The actuators shall be powered by 24 or 120V/60HZ and shall be spring return with failure to the normal open position on power interruption.  Manufacturer shall be Johnson M9100/M9200 series, Siebe MP-5430, or equal Kreuter, Modutrol, or Belimo.  Neptronics are specifically unacceptable.

2.21
FUME HOOD CONTROL SYSTEMS

A.
Face Velocity Controller

1.
The fume hood face velocity controller shall measure, display, and control the fume hood face velocity.  The display shall indicate measured face velocity over a range of 0-1000 feet per minute and be updated no less than once per second.  Lights shall be located on the front of the controller to indicate the following conditions:  low alarm, normal, high alarm, and annunciator mute.

2.
The controller shall provide access to menu-driven calibration and configuration options through a spill-proof membrane switch keypad.  The calibration shall consist of noninteractive zero and span adjustments.  The configuration options shall include low and high alarm setpoints, display averaging period, latched or unlatched alarms, and audible alarm muting through the use of the keypads.  The calibration functions shall be protected through the use of a passcode.  The keypad shall include a manual override key for emergency operation which shall force the volume control damper fully open.

3.
The controller shall include an alarm annunciation that is audible when the face velocity falls below the programmable low velocity setpoint or above the programmable high velocity setpoint.

4.
The controller shall include 3 sets of SPST, normally closed contacts which close to indicate any of the following conditions: no air flow, when the face velocity falls below the programmable low velocity setpoint, or when the face velocity rises above the programmable high velocity setpoint.  All sets of contacts shall close when the controller loses power.

5.
The controller shall include a 0-10 VDC or 4-20 mA linear analog output signal that is proportional to a face velocity of 0-1000 feet per minute.

6.
The controller shall be suitable for mounting directly on the surface of fume hood enclosures.

7.
The face velocity controller shall be TSI Incorporated Model 8650 SureFlow [with integral JCI Metasys N2 Bus firmware and connection terminals].

B.
Velocity Sensor

1.
Fume hood face velocity sensors shall be hot wire anemometer type sensors, suitable for measurement of air velocity in the range of 0-1000 feet per minute, with error of not more than 10% of the reading throughout the range.  The sensor assembly shall be suitable for mounting through the wall of fume hood enclosures.  The velocity sensor shall include a minimum 6-foot cable for direct connection to the face velocity controller.

C.
Transformer

1.
A low voltage transformer shall be provided with each gas face velocity controller.  The transformer shall have a primary-side voltage of 120 VAC, a secondary-side voltage of 24 VAC, and have a minimum rating of 20 VA.  The transformer shall be UL listed and be suitable for mounting in a standard 4" x 4" electrical box.  The transformer shall include a minimum 25-foot cable for direct connection to the face velocity controller.

C.
Damper Actuators

1.
General: Provide smooth proportional control with sufficient power for air velocities 20 percent greater than maximum design velocity.  Provide spring return to open for fail safe operation.

2.
Actuators shall be normally open type (spring return), with sufficient operating torque for the application at the highest velocity obtainable in the emergency position and sufficient spring force to insure fully open operation at emergency flow with loss of air pressure.

3.
Adjustment: The fume hood damper actuator shall include an easily accessible operator adjustment for setting minimum damper opening.

4.
Pneumatic Actuator: Rolling diaphragm piston type with adjustable stops.  Actuator shall connect to damper shaft with a splined connector, slotted key, through-bolt, or other approved connection mechanism that ensures positive damper shaft rotation upon operation of the actuator.

5.
Manufacturer shall be TSI, Tour and Anderson, or equal.

6.
Electric Activator:  Not allowed.

OR
C.
Damper Actuators

1.
General: Provide smooth proportional control with sufficient power for air velocities 20 percent greater than maximum design velocity.  Provide spring return to open for fail safe operation.

2.
Actuators shall be normally open type (spring return), with sufficient operating torque for the application at the highest velocity obtainable in the emergency position and sufficient spring force to insure fully open operation at emergency flow with loss of air pressure.

3.
Actuator may be direct coupled where space allows or provide all necessary linkage hardware and shaft couplings to securely connect the new actuator to the existing or new damper shaft.  Provide actuator mounting bracket as required to securely fasten the actuator to the ductwork.  Coat any mounting holes/connections with Scotchcoat 134TM or equal, no known equal.

4.
Actuator position shall be readable from the face of the actuator.

5.
Actuator shall accept a 0-10VDC signal for proportioning the damper.

6.
Manufacturer shall be TSI, Siebe MP-5430, Belimo FM-24 SR, or equal.  Neptronics actuators are specifically excluded.

D.
Dampers

1.
Corrosion Resistance: Damper assembly shall be suitable for use in corrosive fume hood duct with; a material comparable to and a gage comparable to or heavier than the existing duct, Scotchcoat 134 TM or equal, no known equal, coating on all surfaces exposed to the duct fumes.

2.
Frames: 304 stainless steel, welded or riveted with corner reinforcement, and mechanical stops at the fully open and fully closed positions.

3.
Blades: 304 stainless steel attached to shafts with setscrews.

4.
Jamb Seals: 304 stainless steel.

5.
Shaft Bearings: Lubricant free, stainless steel, single row, ungrounded, flanged, radial, and anti-friction type with extended inner race.

6.
Shaft: Damper shaft shall be not less than 1/2" diameter stainless steel.

7.
Linkage Bearings: Oil impregnated sintered bronze or graphite impregnated nylon.

8.
Damper shall fail open automatically (or VFD shall fail full on) with loss of control signal.

9.
Manufacturer shall be TSI, Ruskin, or equal.

OR
D.
Dampers

1.
Furnish and install, at locations shown on the subcontract drawings, low leakage general exhaust dampers with published leakage data certified under the AMCA certified ratings program showing leakage through a 48" x 48" damper at 4" w.g. pressure difference to be less than 6.2 cfm/sq.ft.  Damper manufacturer's literature shall include performance data tested in accordance with AMCA Standard 500 showing pressure drop for all sizes of dampers required at all anticipated air flow rates.  Construction shall be as follows:

a.
Frames: 6063 T5 extruded aluminum hat channel.  0.125" minimum wall thickness.

b.
Blades: Maximum 6" wide, 6063 T5 heavy gage extruded aluminum airfoil shape.

c.
Linkage: Concealed in frame.

d.
Axles: 1/2" plated steel hex, square, or hexagonal (round not acceptable).

e.
Bearings: Two-piece molded synthetic (minlon) pressed into frame.

f.
Shaft: Damper shaft shall be not less than 1/2" diameter stainless steel, to extend minimum 6" beyond frame.

g.
Seals: Blade edge extruded vinyl rated -500F to 2500F shall be locked in extruded blade slots without the use of cement, yet shall be easily replaceable in the field.  Jamb seals aluminum flexible compression.

h.
New dampers shall be oval to match existing ductwork or provide square to oval transition or square to round transition for square or round dampers.

2.
Manufacturer shall be TSI, Ruskin, United Air, or equal.

2.22
GAS CABINET MONITORING SYSTEM

A.
Face Velocity Monitor

1.
The gas cabinet face velocity monitor shall display the air velocity through the access door.  The display shall indicate measured face velocity over a range of 0-995 feet per minute and be updated no less than once per second.  Lights shall be located on the front of the monitor to indicate the following conditions:  low alarm, normal, high alarm, and annunciator mute.

2.
The monitor shall provide access to menu-driven calibration and configuration options through a spill-proof membrane switch keypad.  The calibration shall consist of noninteractive zero and span adjustments.  The configuration options shall include low and high alarm setpoints, display averaging period, latched or unlatched alarms, and audible alarm muting through the use of the keypads.  The calibration functions shall be protected through the use of a passcode.

3.
The monitor shall include an alarm annunciation that is audible when the face velocity falls below the programmable low velocity setpoint.

4.
The monitor shall include SPST, normally closed contacts which close when the face velocity falls below the programmable low velocity setpoint or when the monitor loses power.

5.
The monitor shall include a 0-10 VDC or 4-20 mA linear analog output signal that is proportional to a face velocity of 0-1000 feet per minute.

6.
The monitor shall be suitable for mounting directly on the surface of gas cabinet enclosures.

7.
The face velocity monitor shall be TSI Incorporated Model 8610 EverWatch.

B.
Velocity Sensor

1.
Gas cabinet face velocity sensors shall be hot wire anemometer type sensors, suitable for measurement of air velocity in the range of 0-1000 feet per minute, with error of not more than 10% of the reading throughout the range.  The sensor assembly shall be suitable for mounting through the wall of gas cabinet enclosures.  The velocity sensor shall include a minimum 6-foot cable for direct connection to the face velocity monitor.

C.
Transformer

1.
A low voltage transformer shall be provided with each gas cabinet face velocity monitor.  The transformer shall have a primary-side voltage of 120 VAC, a secondary-side voltage of 24 VAC, and have a minimum rating of 20 VA.  The transformer shall be UL listed and be suitable for mounting in a standard 4" x 4" electrical box.  The transformer shall include a minimum 25-foot cable for direct connection to the face velocity monitor.

2.23
ELECTRICAL MONITORING TRANSDUCERS

A.
Kilowatt transducers shall be Kele & Associates, Scientific Columbus, or equal, with both instantaneous kilowatt analog output and dry contact kilowatt-hour output.

2.24
CURRENT TRANSFORMERS

A.
Current transformers (CTs) shall have proper ratio to deliver a 1- or 5-ampere secondary current at full load.  CTs shall meet the requirements of ANSI C57.13.  For feeder circuits above 600 volts, select CT ratios for circuit rating.  For non-feeder (single load) circuits above 600 volts, specify CT ratios for calculated circuit load.  Insulation of instrument transformers shall be minimum 10 KV BIL for 600 volt class devices.

B.
The ANSI C57.13 60 Hz metering accuracy class for CTs shall be 0.3 or smaller at B-0.5, with a minimum rating factor of 1.33 @ 55_C.  CTs employed in circuits rated at 225 amperes or less and 600 volts or less shall have a C57.13 accuracy class of 0.3 or smaller at B-0.5 or B-0.2. 

C.
For 600 volt or less installations, current transformers shall be General Electric, Electromagnetic Industries, American Aerospace Controls, Inc., Kele & Associates, or equal.

D.
Current transformers (CTs) for input directly into the EMCS shall deliver a 20-milliampere secondary current at full load.  Insulation shall be minimum 10 KV BIL for 600 volt class devices.  Accuracy shall be + 0.5%.  Manufacturer shall be Kele & Associates, or equal.

2.25
POTENTIAL TRANSFORMERS

A.
Potential transformers (PTs) shall meet all requirements of ANSI C57.13.  PTs shall have proper ratio to deliver 120-volt nominal phase-to-neutral or phase-to-phase secondary voltage at rated primary line voltage.  Insulation shall be minimum 10 KV BIL for 600 volt class devices.

B.
600-volt class PTs shall have a C57.13 accuracy class 0.3 Y, 1.2 Z, with a minimum thermal burden rating of 300 VA at 55_C.  Medium and high voltage PTs shall have a C57.13 accuracy class 0.3 Y, 1.2 ZZ, with a minimum thermal burden rating of 500 VA at 55_C.

C.
PTs for installations of 600 volt or less shall be General Electric, Electromagnetic Industries, or equal.

2.26
TEST SWITCH

A.
The test switch shall be surface mounted, back connected, and made specifically for use with PT and CT circuits and shall conform to ANSI C12.9.  Switch poles shall be mounted on 13/16" centers.  Test switch electrical ratings shall be 600 volt 30 ampere.

B.
Left current switch on ungrounded side of CT circuit shall be a short circuiting type when opened.  Right current switch on grounded leg of CT circuit shall have a test jack that will accept a standard dual circuit test plug. 

C.
All metallic components, including hardware, shall be made from copper, bronze, brass, or phosphor bronze.  Individual potential switches shall be separated by permanent insulating barriers, and grouped on left side of switch.  A sealing cover with clear window shall be supplied with switch. 

D.
Ungrounded potential switches shall have red handles.  Grounded potential switch for 10 pole test switches (4th switch from left) shall have white handle.  Grounded potential switch for 9 pole test switches (2nd switch from left) shall have red and white handle.  CT switches shall have black handles.

E.
Ten-pole test switch shall be Superior Technology, Meter Devices, or equal.  Nine-pole test switch shall be Superior Technology, Meter Devices, or equal.

F.
Test switch shall have grouped potential switches on left side of mounting base and grouped current switches on right side of 10-pole mounting base.  Nine-pole switch shall have an unused pole mounting space between potential and current switches.

2.27
SHORTING AND POTENTIAL TERMINAL BLOCKS

A.
Shorting block shall be made specifically for CT circuits.  Shorting block shall be constructed of thermoset insulating material, with eight poles, with minimum centers of 5/8 inch, with all brass nickel-plated metallic parts, 10-32 studs and hex nuts, and provided with one shorting screw for each terminal block pole.  A field of eight tapped holes shall be located close to end of block in meter back panel for each shorting screw.

B.
Shorting block shall be Marathon Special Products, or equal, no known equal.

2.28
CURRENT TRANSDUCERS

A.
One transducer per phase shall be provided and shall be capable of converting the 0-5 amp AC signal from the current transformers to a 4-20ma DC signal for use by the EMCS.

B.
Transducers shall have a combination isolation and step-down transformer on the input side to reduce input from 0-5 amps, AC to 0-5 mA AC.

C.
Power for transducers shall be 120 VAC.  Span and zero adjustments shall be accomplished through potentiometers, accessible from the front of the unit.  Calibration capability shall be + 0.5% of span.  Transducer shall be suitable for ambient temperatures from -200F to 1800F.  Transducer shall be housed in a NEMA 1 enclosure.  Manufacturer shall be Moore Industries or equal.

2.29
GAS METER TRANSDUCERS

A.
Natural gas transducers for interface to the EMCS shall be pulse initiator type encoders, with dry contact closure proportional to a fixed quantity of gas, and shall be fitted to the existing gas meter(s).  Encoder shall be Equimeter, Sensus, or equal.

2.30
GAS MONITORING SYSTEM

A.
The Gas Monitoring System (GMS) shall be shall be designed to accept two [four] combustible, oxygen, and/or toxic gas detector heads.  The GMS shall include a digital readout display, alarm indication, analog signal outputs, high and low alarm dry contact outputs, and a common fault alarm dry contact output.  All functions shall be fully programmable through the use of dip and/or pushbutton switches.  The GMS shall be housed in a NEMA 4X enclosure and be UL Classified for its intended use.  The GMS shall be Gastech SafeTnet Model 210, Model 410 or equal.

B.
The GMS shall be provided and installed with two oxygen detector heads as shown on the drawings.

PART 3 - EXECUTION

3.01
EXAMINATION

A.
Verify that systems are ready to receive work.

B.
Once construction has commenced, the Subcontractor shall be fully responsible for all modifications required to meet the requirements of the Subcontract documents.

3.02
FIELD PROCESSING UNIT(S) INSTALLATION

A.
Subcontractor shall install field processing units (FPUs) and any required input/output interface devices, all in appropriate enclosures as indicated on the subcontract drawings.  Subcontractor shall provide and install all appropriate appurtenances, devices and terminate all input/output wiring.  Subcontractor shall test and prove connection and function for all components from the FPU to the sensed or controlled element prior to initially placing the FPU in control of any equipment or devices.

B.
All FPUs shall be securely attached to a wall in approximately the location indicated or specified, or in locations proposed by the Subcontractor and approved by the University.  Location of FPUs shall be subject to University's approval, shall provide easy access for servicing and use, and shall afford a minimum of exposure to hazards.

C.
Mount all enclosures so that the top does not exceed six feet, six inches (6'-6"); and the center of any keypad/LCD combination does not exceed five foot, six inches (5'-6") from the floor.

D.
Power supply to the FPU shall be 120 VAC, 60 Hz, and shall be permanently installed from a dedicated circuit breaker, either existing spare or new, furnished and installed by the Subcontractor, from a power panel as indicated on the Subcontract drawings, or other circuit as directed by the University.

E.
Plug and receptacle power connection for the FPU or any component of the FPU (e.g. power supply) is specifically prohibited.  Connection to a circuit breaker with other existing loads is specifically prohibited except with the express written permission of the University.

F.
Power supply circuit breakers shall be labeled on the breaker panel schedule as "FMCS" and shall list the FPU number(s) and location(s) served.

G.
Subcontractor shall field verify all information provided for equipment and controls, including but not limited to; spring ranges for pneumatic actuators, voltage levels for electrical controls, interlocks of equipment, and equipment and device locations.

H.
Permanently and effectively ground all conduit systems, supports, cabinets, panelboards, light fixtures, motor frames and non-current carrying parts of other electrical equipment in accordance with the NEC.  Ground transformer neutrals in accordance with requirements of the NEC.

I.
All polyethylene tubing shall be connected to enclosures through conduit.  All copper tubing shall be connected to enclosures through bulkhead fittings.

3.03
APPLICATION SPECIFIC CONTROLLERS and integrators

A.
Mount all ASC and Integrator enclosures so that the top of any panel does not exceed six feet, six inches (6'-6").  All components shall be permanently mounted in a fashion which permits troubleshooting, calibration, access to switches or jumpers, replacement of fuses, and resetting circuit breakers without removing components from the enclosure.

B.
The ASC and Integrator enclosures shall be installed in the locations shown on the drawings.

C.
Plug and receptacle power connection for the ASCs, Integrators or any component of the FMCS (e.g. power supply) is specifically prohibited.  Connection to a circuit breaker with other existing loads is specifically prohibited except with the express written permission of the University.

D.
Permanently and effectively ground all conduit systems, supports, and cabinets in accordance with the CEC.  Ground transformer neutrals in accordance with requirements of the CEC.

E.
All components shall be mounted in a fashion that permits a direct viewing of status lights and display panels from the front of the enclosure.

F.
Wiring shall conform to CEC Articles 725, 760, and 800 and to UL 508A.  Digital and analog input/output wiring methods in conformance with CEC Article 725 Class 2 are allowable, except as otherwise specified or indicated on the subcontract drawings.

3.04
ENCLOSURE-MOUNTED COMPONENTS INSTALLATION

A.
All components provided under this section shall be mounted in an enclosure as indicated on the Subcontract drawings.

B.
All components shall be permanently mounted in a fashion which permits troubleshooting, calibration, access to switches or jumpers, replacement of fuses, and resetting circuit breakers without removing components from the enclosure.

C.
All components shall be mounted in a fashion that permits a direct viewing of status lights and display panels from the front of the enclosure.

D.
Wiring shall conform to CEC Articles 725, 760, and 800 and to UL 508A.  Digital and analog input/output wiring methods in conformance with NEC Article 725 Class 2 are allowable, except as otherwise specified or indicated on the subcontract drawings.

E.
All LOCAL/FMCS switches shall be mounted within the FPU enclosure, or as indicated on the Subcontract drawings.

3.05
INPUT/OUTPUT SUB-SYSTEM

A.
Subcontractor shall furnish and install all required sensors and transducers, complete with protective enclosures, power supplies, electrical and pneumatic interface devices, air filters (as required), signal dampeners, and any other materials as required to provide a fully functional input/output sub-system in accordance with the specifications and drawings, with particular reference to the Input/Output Objects List shown in the Subcontract documents.

B.
For zone temperature control applications, Subcontractor shall furnish and install zone temperature sensors in each zone as indicated on the Input/Output Objects List, in locations as indicated on the subcontract drawings.  Mounting height for sensors shall be 54 inches above the floor.

C.
Subcontractor shall use, only where explicitly approved by the University, surface raceway of an appropriate color for any exposed wiring from the ceiling level to the sensors.

D.
All wiring shall be enclosed in conduit or raceway, or be 'plenum rated' and shall penetrate firewalls with fire protection.  See division 16, Electrical.

E.
Subcontractor shall furnish and install other input sensors and devices and output transducers and devices in locations as designated or as approved by the University, and in a manner consistent with the Subcontract documents and generally accepted industry standards for industrial and institutional applications.

3.06
SENSOR/TRANSDUCER INSTALLATION

A.
All sensors/transducers required by the Subcontract as indicated on the drawings shall be securely fastened in place, in a location that does not obstruct access to equipment, and which makes the transducer accessible for calibration and service.  Transducers shall be attached with removable screw fasteners to facilitate replacement.

B.
Electrical connections at sensors/transducers shall be terminated on screw terminals in a junction box, except conductor shield, which shall only be terminated at the FPU or receiving device.  In no case shall any cable shield drain be terminated in more than one location, or not terminated at all.

C.
Sensing elements shall be located so as to produce accurate readings of the measured variables.  Outside air temperature sensors shall be located on a north-facing wall or in shaded areas with sufficient air circulation to assure representative temperature measurement.  Outside air temperature sensors shall be shielded from direct exposure to sunlight or sunlit surfaces.  Zone temperature sensors shall be insulated from reading the temperature of the air inside the wall it is mounted on by insulating and sealing the junction box it is mounted on.  If a location is not shown on the drawings for air or water systems differential pressure sensors, they shall be installed 2/3 of the way from the fan or pump to the end of the last branch off the main duct or pipe.

D.
Water temperature sensing elements shall be installed in new, threaded thermal wells supplied and installed by the Subcontractor.  Sensing elements shall be installed in welded half couplings if steel, or tee with a threaded reducer if copper.

E.
Supply and exhaust fan system differential pressure sensing elements shall be differential pressure type sensors, with the low pressure side tubed to a location inside the building not subject to drafts, except when negative pressure is measured, in which case the high pressure side of the sensing element shall be tubed to a location inside the building not subject to drafts.

F.
Supply and exhaust fan system static pressure sensing elements shall be differential pressure type sensors, with the low-pressure side open to the building interior, except when negative pressure is measured, in which case the high-pressure side of the sensing element shall be open to the building interior.

G.
All pressure sensors shall be installed so as to permit removal and replacement of the sensor without loss of water or exposure to contamination, and to facilitate calibration checks.

H.
Identification Labels

1.
Each input sensor, output transducer, relay, or other input/output device shall be indelibly and conspicuously identified with the alphanumeric hardware object identification name as specified in the Input/Output Objects List.  

2.
All I/O field devices that are not mounted within field device panel enclosures shall be identified with nameplates installed so that they are visible from ground level.

3.
All I/O field devices that are mounted within field device panel enclosures shall be identified with an adhesive backed metalized polyester film label, Brady #B969.  Label information shall be printed on the label with a laser printer.

4.
Calibration settings shall be marked with paint or indelible ink.

5.
Each terminal strip termination shall be tagged with identification matching that shown on the control drawings.

I.
Location

1.
All sensor installation locations, mounting, insertion length, and wiring shall be subject to University's approval.

J.
Electrical Connection

1.
Sensors shall be mounted and terminated in an appropriate NEMA rated enclosure or junction box.

2.
All electrical connections shall be made inside the box or enclosure, and shall be screwed terminal connections.

3.
Twisted and taped connections and wire nuts, and compression-type splice connectors designed to cut through insulation are specifically prohibited unless approved by the University.

K.
Calibration

1.
All sensors shall be calibrated prior to installation, and calibration shall be checked and, if necessary, corrected after installation.

2.
Calibration after installation shall be to within 1.5% of specified span.

3.
Calibrate every current monitoring (CM) relay.  Measure and document the load current.  Increase the number of turns through the toroid so that the minimum ampere-turns are 2.5.  For fixed loads such as circulation pumps, set trip at 90% of the ampere-turns.  For relatively fixed loads such as non-variable-air-volume fans, set trip at 80% of the ampere-turns or at 50% of the nameplate-RLA-times-number-of-turns, whichever is greater.

L.
Refrigerant Pressure Sensor/Transducer Installation

1.
Prior to removal of existing refrigerant capillary tube and head pressure control valve, pump down refrigerant using a certified recycle/recovery machine until condenser is at approximately atmospheric pressure.  Cut the existing capillary tube and install a backseated refrigerant valve suitable for the refrigerant used.  Recharge the system with the recycled refrigerant.  Comply with all provisions of the Clean Air Act.

3.07
FUME HOOD VELOCITY CONTROLLER AND SENSOR INSTALLATION

A.
Install in accordance with manufacturer's instructions.

B.
All wiring interconnections between the controller, sensor, damper/actuator, limit switches, and power source shall be enclosed in conduit unless secured within the fume hood liner.  No wiring or cabling shall be exposed.

C.
All fume hood velocity sensors shall be installed through the side wall and liner of the fume hood, with a flanged sensor housing covering the penetration.  Sensors shall be located as high on the side wall as practical, in a location that minimizes the potential for obstruction of flow through the sensor from both internal and external placement of laboratory equipment, personnel movement, or other potential sources of obstruction.

D.
All fume hood velocity controllers shall be surface mounted on the front of the fume hood enclosure.

E.
Furnish and install an analog output representing face velocity in FPM from each velocity controller.  Outputs shall be wired to an individual discrete input of the Facility Monitoring and Control System (FMCS) field processing unit (FPU), so that the EMCS indicates face velocity from each controller.

F.
The fume hood velocity controller shall be calibrated in coordination with the subcontract air balancer and in accordance with manufacturer's instructions.

G.
The adjustable parameters within the fume hood velocity controller shall be tuned to maintain the setpoint of 110 fpm +10 fpm.  The low alarm shall be set to 80 fpm and the high alarm shall be set to 150 fpm.

H.
The fume hood face velocity monitor shall be installed in accordance with manufacturer's instructions.

I.
Start-up shall be performed by a factory-authorized representative.  

J.
Calibration of the monitors mounted on fume hoods shall be performed with a TSI Model 8330 Digital Air Velocity Meter or equal.  The fume hood velocity monitor shall be calibrated in coordination with the subcontract air balancer and in accordance with manufacturer's instructions.

K.
The adjustable parameters within the fume hood velocity controller shall be tuned to maintain the setpoint of 110 fpm +10 fpm.  The low alarm shall be set to 80 fpm and the high alarm shall be set to 150 fpm.  The display averaging period shall be set for 5 seconds.  The alarms shall be set to unlatch in the event that air velocity returns to normal.

3.08
FUME HOOD DAMPER INSTALLATION

A.
Install in accordance with manufacturer's instructions.

B.
Upon initial installation, Subcontractor shall set the minimum opening position so as to provide a minimum hood exhaust volume of 25% of the design hood exhaust volume, or at a volume as directed by the University.

C.
Subcontractor shall adjust minimum damper closure for each fume hood damper (or minimum VFD speed setting for single hood/fan installations) so as to maintain a minimum volumetric flow rate under all conditions of not less than 25% of normal exhaust flow with sash fully open and at occupied face velocity setpoint, unless minimum volumetric flow is otherwise specified by the University.

D.
All fume hood volume control dampers shall be installed so as to allow the damper to fail in a fully open position upon failure of any element of the fume hood face velocity control system.

E.
Fume hoods with more than one exhaust duct connection shall be equipped with one volume control damper and actuator per exhaust duct connection, unless otherwise directed in writing by the University.  All volume control dampers for a single fume hood shall operate in sequence from a single velocity controller.

F.
All fume hood volume control dampers shall be installed inside the existing fume hood exhaust duct in such a way as to maintain the integrity of the exhaust duct.  During installation, Subcontractor shall exercise all necessary care to prevent any contamination of the laboratory by material from the duct.  Subcontractor shall be specifically responsible for all cleanup of construction debris, including any contamination, and for repair of any damage resulting from Subcontractor's operations.

3.09
ACTUATOR INSTALLATION

A.
Install in accordance with manufacturer's instructions.

B.
All wiring interconnections between the controller, actuator, and power source shall be enclosed in conduit.  No wiring or cabling shall be exposed.

C.
All actuators shall be securely mounted and shall be either clamped directly to the damper shaft with couplings or through properly adjusted linkage.

D.
Mount actuator in an easily accessible location with clearance in front for visual reading of damper position.  Mark damper shaft for closed and open position.

E.
Where 24 VAC or 24 VDC direct-coupled actuators are utilized (such as Belimo SF-24 SR), subcontractor shall provide required Class-2 rated control transformer at FPU to power new actuators.  Subcontractor shall provide drawing revisions.  Control signal wiring may be run in same conduit with  24 VAC or 24 VDC actuator power wire.

F.
A rain cover shall be provided and installed on actuators mounted outside of a building.

G.
Subcontractor shall establish and document actual endpoints of each actuator's range in the field at the actuator, E/P (if any), and controller output voltage or current.  The control range shall be established to match the actuator range.  For outputs controlling only one actuator (or multiple actuators of the same type and direction of operation), engineering units shall be in "% OPEN" for dampers and valves (open to coil for three-way valves).  For outputs controlling more than one actuator in opposite directions (e.g. normally open heating and normally closed cooling), engineering units shall be in "% CMD".  The corresponding analog data object used for monitoring shall include in the description the range and normal position of the actuators controlled. 

3.10
EXHAUST FAN ISOLATION DamperS INSTALLATION

A.
Install Isolation Dampers in accordance with manufacturer’s instructions.  All wiring interconnections between the controller, damper/actuator, and power source shall be enclosed in conduit.  No wiring or cabling shall be exposed.  All actuators shall be securely mounted to the ductwork and shall be either clamped directly to the damper shaft with couplings or through properly adjusted linkage.  Mount actuator in easily accessible location with clearance in front for visual reading of damper position.  Mark damper shaft for closed and open position.

3.10
GAS CABINET MONITORING SYSTEM

A.
The gas cabinet face velocity monitor shall be installed in accordance with manufacturer's instructions.

B.
Start-up shall be performed by a factory-authorized representative.  

C.
Calibration of the monitors mounted on gas cabinets shall be performed with a TSI Model 8330 Digital Air Velocity Meter or equal.  The gas cabinet velocity monitor shall be calibrated in coordination with the subcontract air balancer and in accordance with manufacturer's instructions.

D.
The low alarm shall be set to 200 fpm and the high alarm shall be zeroed out.  The display averaging period shall be set for 5 seconds.  The alarms shall be set to unlatch in the event that air velocity returns to normal.

3.11
VARIABLE FREQUENCY DRIVE INSTALLATION

A.
Install in accordance with Section 16483, Variable Frequency Drives.

3.12
CURRENT AND POTENTIAL TRANSFORMER INSTALLATION

A.
Schedule a shutdown of the power systems to be monitored in accordance with section 01210, Special Provisions.

B.
All other components required for the power metering must be installed prior to the shutdown.  This includes shorting blocks, test switches, kW/kWh transducers, conduit, wire, and as many terminations as possible.

C.
Perform work in a manner which limits the shutdown period to the absolute minimum.

D.
Installation must be inspected by the LBNL Maintenance & Operation Electrical staff prior to re-energizing building power.

3.13
FIELD WIRING

A.
Subcontractor shall furnish and install all necessary wire, conduit, tubing, pull boxes, connection boxes, termination blocks, fittings, and other materials as required to provide a fully functional Facility Monitoring and Control System (FMCS) in accordance with the Subcontract documents and the equipment suppliers' specific and general installation instructions and recommendations.  See Division 16, Electrical.

B.
Each terminal strip termination shall be tagged with an identification matching that shown on the shop drawings.

C.
The Subcontractor shall use termination blocks for all terminations.  Twisted and taped connections, wire nuts, and compression-type splice connectors designed to cut through insulation are specifically prohibited.

D.
Wiring shall conform to CEC Articles 725, 760, and 800.  Wiring shall not be run in conduit with pneumatic tubing.  Digital and analog input/output wiring methods in conformance with CEC Article 725 Class 2 are allowable, except as otherwise specified or indicated on the subcontract drawings.

3.14
COMMUNICATION SUB-SYSTEM

A.
Subcontractor shall furnish and install intra-building conduit and wiring required for FMCS communications, except for communication conductors explicitly specified as "to be furnished by the University" in the Subcontract documents.

3.15
PNEUMATICS INSTALLATION

A.
Install in accordance with manufacturer's instructions.

B.
Use hard-drawn copper tubing where subject to damage or temperatures in excess of 200° F (93° C), where adjacent to heating pipes passing through a common sleeve, and where not readily accessible.  In mechanical rooms use hard-drawn copper tubing or fire-retarding polyethylene tubing enclosed in EMT conduit with suitable junction boxes or enclosed in a  tray or raceway.  Polyethylene tubing within enclosures shall be run in plastic wireways.

C.
Conceal tubing.  Install hard-drawn copper tubing exposed only in mechanical rooms, storage rooms and the like, in neat manner and properly supported.  Refer to Section 15140, Supports and Anchors.

D.
Where tubing is required to be installed in conduit, conduit shall be minimum 1/2 inch galvanized EMT.  Set screw fittings are acceptable for dry interior locations.  Watertight compression fittings shall be used for exterior locations and interior locations subject to moisture.  Provide conduit seal-off fitting where exterior conduits enter the building or between areas of high temperature/moisture differential.  Pneumatic tubing shall not be run in conduit with electrical conductors.

E.
Mechanically attach tubing to supporting surfaces.  Sleeve through concrete surfaces in minimum one inch (25 mm) sleeves, extended 6 inches (150 mm) above floors and one inch (25 mm) below bottom surface of slabs.

F.
Purge tubing with dry, oil-free compressed air before connecting control instruments.

G.
Install pressure reducing stations consisting of pressure reducing valve, particle filter, valved bypass, pressure gage on inlet and outlet, and pressure relief valve.

H.
Tubing penetrations through walls, floors or ceiling shall be copper tubing or plastic tubing in EMT conduit, and shall be fire-stopped in accordance with Section 07270.

I.
Flexible metallic conduit (maximum three-foot length) shall be used for connections to motors, actuators, controllers, and sensors mounted on vibration producing equipment.  Liquid-tight flexible conduit shall be used in exterior locations and interior locations subject to moisture.

J.
Test pneumatic systems to maximum rated system pressure, but not less than 30 psig.  Check calibration of instruments installed under this subcontract.  Re-calibrate or replace as necessary to achieve 1.5% of specified span accuracy. 

3.16
EXISTING EQUIPMENT

A.
Existing enclosures, conduit, or control and power wiring shall not be used without the written approval of the LBNL Project Manager.

3.17
FMCS COMMUNICATIONS

A.
The University will install an NCM and connect it to the site-wide Ethernet™ LAN.  

OR
A.
The Subcontractor shall provide and install an NCM and connect it to the site-wide Ethernet™ LAN.  

B.
The Subcontractor shall provide and install all communications conduit and wiring from the NCM to ASCs, and between ASCs within the building.  Connection to the NCM shall be coordinated with the University. so that interruptions of communications to existing control equipment can be scheduled.

C.
With the exception of the Ethernet™ LAN wiring, terminations within NCMs, ASCs, enclosures, and junction boxes installed under this subcontract shall be the responsibility of the Subcontractor.

3.18
SOFTWARE

A.
Control Routine Programming

1.
The FMCS Subcontractor shall develop, install, test, tune and prove, and thoroughly document all applications programs.  

2.
The FMCS Subcontractor shall provide and maintain, on site, any and all GPL and ASC control routine files in (3 1/2" floppy) disk format.  During the commissioning phase, a complete, "in progress" set shall be delivered to the Archive workstation in Building 76 weekly and a "final" set shall be delivered after final acceptance of the work specified in this section.  The files will be copied and the disks returned to the FMCS Subcontractor.

3.
Once programmed, the systems being controlled shall function as specified in the Sequence of Operation.

4.
The object names and addresses submitted shall be consistent with prior JCI Metasys projects at LBNL, and be approved by the University prior to delivery of the database.  Documentation shall include ASC configuration schedules, input/output object name definitions, virtual object name definitions, a complete listing of all control files, a printout of each file, a textual description of each file's function, and testing documentation forms.  

5.
The textual description of each file's function shall include the intended actions, decisions, and calculations of each line or logical group of lines.  Sequences of operation are not acceptable for use in this documentation requirement.

3.19
OPERATORS WORKSTATION SOFTWARE

A.
Object Identification Format

1.
Identify, program and display all control and monitoring objects by system.

2.
Identify objects with unique, structured object identifier reflecting "specific building", "specific area" or "specific service", "specific system", and "specific object".

3.
The object names and addresses shall be a variation of those shown on the drawings and in the Sequence of Operation, modified to fit the structure of the Metasys naming format.

4.
WinPro and PMI object names for analog and binary inputs and outputs and data objects shall match.  The physical address for each analog and binary input and output  object shall be the same as the order listing developed by WinPro and displayed in the CSobject for each application specific controller.

B.
Network Map Update

1.
The Subcontractor shall update all existing Operator Workstations with the additions to the Network Map and graphics as a result of this project.

3.20
FMCS Graphics

A.
The Subcontractor shall develop customized graphics showing the project building(s) and their floor plans,  mechanical equipment, flow and control diagrams, and other relevant features on M5 Workstation graphic screens.  Associated input, output, and virtual objects (e.g., temperature & pressure set points) listed in the Sequence of Operation, and shown on the Input/Output Objects List shall be included in the graphic screens and bound to the database.  The real-time value of all objects shall be updated on the display of each graphic automatically.  AutoCAD drawings of the building(s) floor plans, available flow and control diagrams, equipment schematics, existing graphics of each type, and other details will be provided to the Subcontractor.

B.
All graphics shall have links to the Print function and to display the LBNL Standard Legend in the upper left-hand corner of the graphic.  All graphics, except pop-ups, shall have the date and time displayed in the upper left-hand corner of the graphic.  Each graphic shall be titled and contain the LBNL Logo.  Samples will be provided to the subcontractor.

C.
Weather - All graphics, except pop-ups, shall have the outdoor temperature and humidity in the upper left hand corner of the graphic.  

D.
Alarms - System and component summary alarms shall be located near the top of each relevant graphic screen.  Provide links to the associated system/component as part of these tags to assist trouble shooting.  Other alarms shall be placed near the associated system/device as depicted in the graphic.  The text and color of information tags that describe each object and alarm value shall be consistent with the LBNL graphics color legend.  These tags shall be coordinated with, and approved by, the LBNL project manager. 

E.
The following graphics shall be provided as a minimum:

1.
A building graphic, typically a photograph of the building, with links to each floor plan and other links as defined below.

2.
Floor plans of each floor, with temperature sensors, pressure sensors, temperature control zones, and supply air zones identified.  Rooms shall be grouped on a graphic only to the extent that detailed and complete sensing information can be comfortably viewed by an operator and the bound points updated in less than 30 seconds.  Each zone shall have a temperature.  The zone temperature  and or pressure symbol(s) shall also be a link to a zone control pop-up graphic.  The individual floor plan graphics shall provide links to related mechanical systems.  The mechanical room plan graphics shall show the relative location of, and provide links to, either the equipment pop-up or flow & control graphic for all mechanical equipment monitored or controlled by the FMCS. 

3.
Pop-up graphics shall be provided for each zone control system showing a flow diagram and all related monitoring & control points and system parameters.  Pop-up graphics shall be provided for each piece of equipment that is not shown on a flow and control graphic.

4.
Flow and control diagrams for each mechanical system including air-handling units, packaged equipment, chilled water systems, and heating hot water systems.  The flow and control graphics shall have parameters grouped in the lower portion of the graphics.  Standard equipment graphics shall be used as provided by LBNL.  Pumps, fans, dampers and other elements shall dynamically indicate their state (i.e. pumps and fans shall rotate when on and damper positions shall dynamically adjust and be shown in their current position, etc.).  All system flow and control graphics shall be displayed in a general left to right flow or loop arrangement.  Return and exhaust air flow shall be shown on top and return water shall be shown on the bottom of the graphic.

5.
Individual equipment/component screens showing all sensing and control information available for each device shall be provided.

F.
Penetration –  The graphic interface shall consistently apply a convention whereby a left-click shall always penetrate to more detailed information.  The Metasys text or “focus windows” shall represent the deepest level of penetration.  A right-click shall always produce a menu of options that are specific to the item selected.

G.
Navigation - The graphics shall be organized to provide a "branching structure" that allows an operator to move from a "macro view" to a "micro view" and return.  For example, the branching structure shall start with the LBNL site map, lead to a building, and move to its floors, zones, and conditioning systems.  These links (a.k.a. "jumps") to all other associated graphics, or allow a return to a previous macro view, shall be provided and arranged horizontally along the bottom of each graphic screen.  From left to right, the graphic links shall be as follows: site/building map, all building/trailer floor plans, and major mechanical systems. Pop-up right click menus shall be provided as needed on the lower button bar to allow for uncluttered navigation.  

H.
Clutter Minimization - Each graphic shall have separate check boxes in the lower right corner that show/hide setpoints, alarms/safeties, and Devices/Equipment.  

I.
Templates – To the maximum extent possible, the subcontractor shall use existing LBNL graphics as templates to provide a consistent look throughout the interface.  New graphic templates developed for this project shall conform to LBNL's standard convention.

J
Color Scheme – The graphics shall use dynamic color changes to communicate equipment type, or object status consistent with the LBNL graphics color legend.

K.
Symbols and Animations:  Fans, pumps, dampers, coils, and generation equipment shall be dynamics symbols indicating rotation, state, or position, movement, flow, etc.

L.
Monitor Resolution – The graphic interface shall be designed for High Color 16-bit 1024 x 768 monitor resolution and automatically scale when viewed at different resolutions.

M.
Style – The graphics shall be 2-dimensional, equivalent to level 2 as defined in the North American Style Guide, Appendix A: Graphics Style Guide, FAN-55.010.

N.
Macros – When macros are used to add functionality to the graphics, detailed documentation shall be provided.

O.
Configure Mode – Access to “Configure Mode” for editing of the graphics shall be password protected to prevent unauthorized changes to the graphics. This password shall be supplied to the appropriate LBNL personnel.

P.
Graphics Version - All graphics shall be provided in M-Graphics 3.0 version.  The subcontractor shall submit one graphic of each type and edit to meet LBNL's requirements prior to developing additional graphics.  

Q.
All points and graphics shall be checked for the proper binding and graphic programming, settings to ensure that the correct system, location, point values and dynamics are shown in the proper location and rotate in the proper directions.  

R. 
After all graphics have been accepted they shall be provided on a CD ROM in an agreed upon file structure.  If the graphics have active-x controls or other files that must be placed outside the graphics folder structure a set-up program shall be provided on the disk to place the files in the correct locations.

3.21
TESTING

A.
The Subcontractor shall provide all labor and equipment necessary to perform a comprehensive acceptance inspection of all as-built documentation including, but not limited to: ASC panel locations, communication connection locations, and configurations internal to panels.  The inspection shall be performed under the supervision of the University.  The Subcontractor shall contact the University to schedule the inspection at least one week prior to the date requested.

B.
The Subcontractor shall provide all labor and equipment necessary to perform a comprehensive acceptance test of object-by-object proof of function for each input and output object, prior to the acceptance testing witnessed by the University and defined below.  The Subcontractor shall complete one of each applicable testing form submitted and approved in the Pre-Commissioning Submittals.  A copy of each form shall be submitted to the Project Manager within 24 hours of completion.

C.
Under the supervision of the University, the Subcontractor shall provide all labor and equipment necessary to perform a comprehensive acceptance test of object-by-object proof of function for each input and output object.  The Subcontractor shall contact the University to schedule the testing at least two weeks prior to the time at which the system will be prepared to undergo the tests.  Acceptance testing shall include, but not be limited to the following:

1.
Analog inputs reading correctly.

2.
Digital inputs reading correctly in both states.

3.
Digital outputs controlling to both states.

4.
Analog outputs modulating each controlled device through its complete range.

5.
Controlled equipment operation under power failure conditions to the FMCS.

D.
The Subcontractor shall provide all labor and equipment necessary to perform a comprehensive acceptance test of the sequence of operation proof of function for each system, prior to the acceptance testing witnessed by the University and defined below.  The Subcontractor shall use the Sequence of Operation to measure the performance of the FMCS against the subcontract documents.  A copy of Sequence of Operation with the Subcontractors notes recording proof of function shall be submitted to the Project Manager within 24 hours of completion.

E.
Under the supervision of the University, the Subcontractor shall provide all labor and equipment necessary to perform a comprehensive acceptance test of the sequence of operation proof of function for each system.  The Subcontractor shall contact the University to schedule the testing at least two weeks prior to the time at which the system will be prepared to undergo the tests.  Acceptance testing shall include, but not be limited to the following:

1.
Calculated values.

2.
PID loop control.

3.
Events driven by schedule, interlocks, or other events or conditions.

4.
FMCS control under power fail/restart conditions.

5.
All functions defined in the Sequence of Operation.

F.
The pushbutton override capability of the system shall be tested for each zone temperature setpoint.

G.
The FMCS will not be accepted until all tests described in this section have been performed to the satisfaction of the Project Manager.  Any tests that cannot be performed due to circumstances beyond the control of the Subcontractor shall be exempt from the system acceptance requirements if stated as such in writing by the Project Manager.  Such tests shall be performed as part of the FMCS warranty.

3.22
SYSTEM OPTIMIZATION

a.
The Subcontractor shall provide 4 hours of system optimization to modify the application software to account for field conditions discovered during commissioning and testing.

3.23
OPERATOR TRAINING

A.
The Subcontractor shall provide 8 hours of training developed specifically for this project.  The training sessions shall be given at LBNL on a mutually agreed upon schedule.  Manuals covering the training subject matter shall be submitted at least two weeks prior to each training session.  The instructor conducting the training sessions shall be fully proficient in the subject matter.  LBNL reserves the right to cancel any training while in session, without loss of training time owed, if it feels that the instructor is not qualified in technical knowledge or ability to teach the subject matter.  The training shall be in two sessions as follows:

1.
Session 1 - Four hours of training shall be provided prior to the proof-of-performance testing.  The training shall focus on the overall system design, equipment functions (both individually and as a part of the total integrated system), building systems included in the project, operation, operator intervention required in responding to the System’s advisories, and the Pre-Commissioning Submittal documentation.

2.
Session 2 - Four hours of training shall be provided following acceptance of the FMCS.  The training shall focus on the Project Record Documents, Operating and Maintenance Data, operators' workstation software installation, electronic file management, and WinPro™ software.
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