((Specifier leave this line)) SBBC Design & Material Standards, Jan.  01, 2008, rev. 9-14-12 ECM)
SECTION 15900 (23 09 01)
HVAC INSTRUMENTATION AND CONTROLS                                          

PART 1 GENERAL

1.1 SECTION INCLUDES

A. Installation of an automatic temperature control (ATC) and associated accessories at   newly constructed school facilities and existing school facilities requiring a replacement ATC system.

1.2 RELATED SECTIONS

A. Section 15620 - Water Cooled Chiller.

B. Section 15625 - Air-Cooled Chiller.

C. Section 15720 - Air Handling Unit.

D. Section 15732 - Packaged Rooftop Air Conditioning Unit.

E. Section 15940 - Sequence of Operation.

F. Division 16 - Electrical.

1.3 QUALITY ASSURANCE

A. The General Contractor shall be responsible for the replacement and installation of a new direct digital control (DDC) Automatic Temperature Control (ATC) System.

B. Applicator: Company specializing in application of automatic temperature control  work with minimum five years documented experience.

C.  The existing automatic temperature controls, lighting and security system infrastructure at all SBBC facilities is controlled by an existing countywide school based Energy Management/Security (EM/S) System manufactured by TAC-Andover Controls which is BACnet compliant. 

1.4 SUBMITTALS

A. Submit product date under provisions of Section 01330, “Submittal Procedures”.

B. Submit diagrams indicating mechanical system control, control system components and compatibility with the school based TAC-Andover Energy Management/Security (EM/S) System.  Label with settings, adjustable range of control and limits. Include written description of control sequence.

C. Include flow diagrams for each control system, graphically depicting control logic.

D. Include draft copies of graphic displays indicating mechanical system components, control system components and controlled function status and value.
1.5 DELIVERY, STORAGE AND HANDLING

A. Deliver products to site under provisions of Section 01663, “Product Delivery, Storage and Handling Requirements”.

B. Store and protect products under provisions of Section 01663, “Product Delivery, Storage and Handling Requirements”.

C. Deliver and store valves in shipping containers with labeling in place. 

PART 2 PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS - AUTOMATIC TEMPERATURE CONTROL

A. TAC-Andover “Continium”
B. Advance Controls “Continium”.  
C. Johnson Controls Inc. “Metasys”

2.2 ACCEPTABLE MANUFACTURERS - AUTOMATIC CONTROL VALVES

A. Belimo Air Controls

B. No substitutes.

2.3 ACCEPTABLE MANUFACTURERS - ACTUATORS

        A.        Belimo Air Controls

2.4 MATERIALS

A. It is the intent to use the existing school based TAC-Andover Web-Client Operator Workstation software to manage the entire SBBC energy management system.  
B. The ATC Contractor shall provide laptops, service tools and all other required devices along with all required software to configure, program, troubleshoot, etc. the installed product/system to the SBBC energy management staff so that the energy management technician and Area Maintenance A/C mechanics have the necessary tools for system support.
C. All schedules shall be seamless with those currently used by the SBBC.  All HVAC equipment such as chillers and AHUs shall be started and stopped through the new TAC-Andover panel relays.  All trends, etc. shall be configured in the same manner.
2.5 WORK BY OTHERS

A. Contractor: Furnish the following incidental work under the supervision of the ATC representative.

1. Install automatic valves, separable temperature wells and pressure sensors.

2. Provide all necessary valves, pressure taps, water, drain and overflow connections and piping.

3. Provide all necessary piping connections required for flow devices, valve position indicators, etc.

4. Install all automatic dampers.

5. Provide access door or other approved means of access through ducts for service to control equipment.

6. All electrical wiring, other than the control wiring, shall; be provided under Division 16.

7. The cable tray under Division 16, if applicable, shall be for the sole use of the SBBC/ETS Telecommunications Department and the SBBC/PPO Energy 
Conservation Utility Management Office.  Should a cable tray not be existing, the control wiring shall be installed in a separate conduit supported by “D” rings provided by the Contractor.

2.6 GENERAL

A. Automatic Temperature Control System:  A standalone microprocessor based DDC system having the capability of set point adjustment without requiring the need of a service tool or computer and consisting of sensing elements, automatic control valves, automatic damper actuators, controllers, smoke detection devices, relays, switches, etc. to accomplish complete control of the HVAC equipment.

B. Control system components to be the latest state-of-the-art in manufacturer and performance.  All advanced application controllers shall be tested and certified at BACnet Advanced Application Controller (B-AAC) level by BACnet Testing Laboratories (BTL).  All components of the system such as workstations, application controllers, unitary controllers, terminal unit end devices, etc. shall communicate using the BACnet protocol as defined by ASHRAE Standard 135-2001.  No gateways shall be used for communication to controllers furnished under this section.  At a minimum, provide controls for the following:

1. Air handling units (AHUs).

2. Return air fans.

3. Exhaust and supply fans.

4. Chilled water system including pumps, chillers, and cooling towers.

5. Boilers including hot water pumps.

6. Computer room air handling units.

7. Refrigerant leak detection system.

8. Smoke evacuation sequence of AHUs and return air fans including smoke control dampers and fire command override panel.

9. Variable air volume and constant air volume box control including interlocks with finned tube radiation.

10. Cabinet unit heater controls.

11. Monitoring points for packaged equipment such as chillers, emergency generators, electric meter, water meters.

12. Power wiring to DDC devices, smoke control dampers and Building Automated System (BAS) panels
C. Variable air volume and constant air volume box control including interlocks with finned tube radiation.     The ATC Contractor shall provide for all needed programming, configuration, etc. on the existing TAC Andover EM/S system to provide this functionality. 

1. Cabinet unit heater controls.

2. Monitoring points for packaged equipment such as chillers, emergency generators, electric meter, water meters.

3. Power wiring to DDC devices, smoke control dampers and Building Automated System (BAS) panels

D. The ATC system shall be designed in strict accordance with ASHRAE’s BACnet Standard 135-2001 in order to provide interoperability between different building subsystems.  The system shall also provide a web-based operator interface that allows for instant access to any system through a standard browser.  The system shall use BACnet network types and protocols exclusively.  Non-BACnet based systems are not acceptable.  The ATC Contractor shall provide PC-based programming workstations, operator workstations and microcomputer controllers of modular design providing distributed processing capability and allowing future expansion of both input/output points and processing/control functions.  The ATC Contractor shall provide the manufacturer’s Protocol Implementation Conformance Statement (PICS) for workstation software and every controller model that is installed.

E. For all SBBC projects, the ATC system shall consist of the following components:

1. Administration and Programming Workstations.

(a) The ATC Contractor shall furnish Administration and Programming Workstation Computers and printers as required by the SBBC.

2. Web-Based Operator Workstations

(a) The ATC Contractor shall furnish software and licenses for all SBBC designated personnel.  Web-based users shall have access to all system points, shall be able to receive and acknowledge alarms and shall be able to control set points and other parameters.  A central web server shall be provided to manage the web based users.  The web-based interface shall conform to the B-OWS BACnet device profile.

3. Ethernet-based Network Router and/or Controllers

(a) The ATC Contractor shall furnish Ethernet-based network controllers as described under paragraph 2.5(B) of this specification.  These controllers shall connect directly to the Operator Workstation over Ethernet using the BACnet/IP protocol at a minimum of 100 mbps and provide communications to the Standalone Digital Control Units and/or other Input/Output Modules.  Network Controllers shall conform to BACnet device profile B-BC.  

(b) Network Controllers shall be tested and certified by the BACnet Testing Laboratory as Building Controllers (B-BC).
4. Standalone Digital Control Unit (SDCU)

(a) The ATC Contractor shall provide the necessary quantity and types of SDCU’s to meet the requirements of the project for mechanical equipment control including air handlers, central plant control and terminal unit control.  Each SDCU will operate completely standalone, containing all of the I/O and programs to control its associated equipment.  Each SDCU shall conform to the BACnet device profile B-AAC.  SDCUs shall be tested and certified by the BACnet Testing Laboratory as Advanced Application Controllers (B-AAC).
F. Provide 120 Volt electrical wiring, other than control wiring, from a dedicated 20 Amp breaker under Division 16 for all EM/S control panels, damper actuators, control valve actuators and similar devices provided under Division 15.

1. All HVAC control wiring shall be installed in a separate conduit and laid on the cable tray installed above ceilings.  The cable tray shall be for the sole use of the SBBC/ETS Telecommunications Department and the SBBC/PPO Energy Conservation Utility Management Office.  No other wiring shall be installed on it.  

2. Should a cable tray not be existing or provided, the HVAC control wiring shall be installed in a separate conduit supported by “D” rings provided by the ATC Contractor.  
G. All HVAC control wiring routed in existing building ceilings which are used as return air plenums shall be plenum rated.

H. All HVAC control wiring and conduit required for the sequences and controls specified herein, to be provided under this section unless noted otherwise.  Control Wiring Materials and Installation: Under provisions of Division 16.

I. Ensure all site conduits are complete with pull strings between the mechanical equipment rooms and the building containing the Central H.O.A. Control Panel as provided under Division 16.

J. Other equipment noted to be manually controlled by toggle switches which interrupt the line voltage power to the units are to be wired under Division 16.

K. Where multiple pieces of equipment and/or lighting circuits are to be controlled by a relay or lighting contactor tied into a programmed time control function to be provided under this section… the power wiring and contactor, if required, is to be provided under Division 16.  The control wiring between the control relay (or contactor) and the control panel is to be provided under Division 15.  A dedicated lighting control circuit shall be provided by Division 16.

L. Select a pressure independent characterized control valve (PICCV) as manufactured by Belimo which will react to system pressure variations and continually perform the proper balancing in order to maintain optimum performance at varying loads.
M. Select a three-way, two position valve (if applicable) for a maximum pressure drop of 1 PSI when fully opened.
N. Select a two-way modulating valve (if applicable) for a nominal pressure drop of 5 PSI when fully opened.  When the calculated CV falls between two valves, select the next larger valve for cooling. 

2.7 SYSTEM ARCHITECTURE

A. The ATC system shall consist of Network Router/Controllers (NRC), a family of SDCUs, Administration and Programming Workstations (APW), Web-based Operator Workstations (WOW) and one File Server to support the system configurations where more than three operator workstations are required.  The ATC system shall provide control, alarm detection, scheduling, reporting and information management for the entire facility and Wide Area Network (WAN) from a single ODBC-compliant database.

1. The system shall be designed with a top-level 10/100bT Ethernet network using the BACnet/IP protocol.  A sub-network using the BACnet MS/TP protocol with a minimum of 76.8 kb speed, shall connect the local, standalone controllers with Ethernet-level controller/routers.  

B. Level 2 Network Description:

1. Level 2 of the system shall consist of one or more BACnet MS/TP field buses managed by the Network Router/Controllers.  Minimum speed shall be 76.8 kbps.  The Level 2 field bus consists of an RS485 token passing bus that supports up to 127 SDCUs for operation of HVAC equipment and lighting.

C. System Expansion

1. The ATC system shall be expandable to include security and access control functions at any time in the future with no additional workstations, front-end software or Level 1 controllers required.  Ethernet-based security/card access controllers shall be able to be added to the existing Level 1 network to perform security and card access applications.  In this way, the Owner’s existing investment in wiring infrastructure may be leveraged and the cost and inconvenience of adding new field bus wiring shall be minimized.

2. Additionally, an integrated video badging option shall be able to be included with no additional workstations required.  This photo ID option shall share the same database as the BAS in order to eliminate the need for updating multiple databases.

D. Network Router/Controllers (NRC)

1. The NRC shall combine both network routing functions and control functions into a single unit.  The NRC shall route communications between the BACnet/IP network and the BACnet MS/TP field network.  They shall also be responsible for monitoring and controlling their own HVAC equipment such as an AHU, electric water heater or boiler.  A sufficient number of NRCs shall be supplied to fully meet the requirements of this specification and the attached point list.

2. Each NRC shall be classified as a “native” BACnet device, supporting the BACnet Building Controller (B-BC) profile.  Controllers that support a lesser profile such as B-SA are not acceptable.  
3. The NRC shall be tested and certified by the BTL as Advanced Application Controllers (B-BC).

E. Communication Ports

1. Each NRC shall provide communication to both the Workstations and the field buses.  An onboard 10/100bT Ethernet port shall be provided, as well as an RS-485 port for communications to a maximum of 127 MS/TP devices.

2.8 STANDALONE DIGITAL CONTROL UNIT (SDCU)

A. The SDCU shall provide control of lighting and HVAC, including air handling units, rooftop units, variable air volume boxes, unit ventilators and other mechanical equipment.  Each controller shall be fully programmable, contain its own control programs and will continue to operate in the event of a failure or communication loss to its associated NRC.  Each SDCU provided shall be a “native” BACnet device, supporting the BACnet Advanced Application Controller (B-AAC) profile.  Controllers that support a lesser profile such as B-SA are not acceptable.  The SDCU shall be tested and certified by the BTL as Advanced Controllers (B-AAC).

2.9 COMMUNICATIONS PORT

A. The SDCU shall have a RS-485 communication port to the BACnet MS/TP field bus, operating at a speed of at least 76.8kbps.
2.10 NETWORKING

A. Each SDCU will be able to exchange information on a peer-to-peer basis with other SDCUs according to the BACnet MS/TP protocol.  Each SDCU shall be capable of storing and referencing global variables (on the LAN) with or without any workstations online.  Each SDCU shall be able to have its program viewed and/or enabled/disabled through a workstation connected to an NRC

2.11 AIR HANDLER CONTROLLER

A. The AHU Controller shall conform to the BACnet Advanced Application Controller          (B-AAC) device profile.

2.12 VAV TERMINAL UNIT CONTROLLER

A. The VAV Controller shall conform to the BACnet Advanced Application Controller           (B-AAC) device profile.  The VAV Terminal Unit Controller shall support, but not be limited to the control of the following configurations of VAV boxes to address current requirements as described in the PART 3 EXECUTION portion of this specification and for future expansion:

1. Single Duct Cooling only

2. Single Duct Cooling with Reheat (Electric or Hot Water)

3. Fan Powered (Parallel or Series)

4. Dual Duct (Constant or Variable Air Volume)

5. Supply/Exhaust

2.13 UNITARY CONTROLLER

A. The Unitary Controller shall conform to the BACnet Advanced Application Controller      (B-AAC) device profile.  The Unitary Controller shall support, but not be limited to the control of the following systems as described in the PART 3 EXECUTION portion of this specification and for future expansion:

1. Unit Ventilators

2. Heat Pump Units (Air-to-Air, Water-to-Water)

3. Packaged Rooftop Units

4. Fan Coil Units (2 or 4 pipe)

2.14 TEMPERATURE CONTROLLER

A. Temperature Controller: A self-contained electronic temperature controller with the necessary stages of cooling and heating relays.
2.15 CHILLED WATER PRESSURE INDEPENDENT CHARACTERIZED CONTROL VALVE (PICCV)

A. 1/2 to 8 Inches:  Forged brass body rated at no less than 600 PSI, chrome plated brass ball and stem and female NPT union ends.  The stem packing shall require no maintenance.

B. The modulating valve shall be pressure independent and accurately control the flow from 0 to 100 percent full rated flow with and equal percentage flow characteristic. The flow shall not vary more than plus 5 percent to minus 5 percent due to system pressure fluctuations across the valve with a minimum of 5 PSI differential across the valve.

C. Combination of actuator and valve shall provide a minimum closeoff pressure rating of 200 PSI.

D. The valve shall require no maintenance and shall not include replaceable cartridges.

E. The actuator shall be directly coupled to the valve at the factory.

F. Actuators shall be multi-function technology as manufactured by Belimo.  Running time shall be 100 Seconds independent of the flow setting while rotating a minimum of 90 degrees.

G. The manufacturer shall warrant all components for a period of five years from the date of installation with the first two years unconditional.
2.16 CHILLED WATER CONTROL BALL VALVE                                                                                   

A. 1/2 to 3 Inches:  MSS-SP-110, rated for 150 PSI SWP and 600 PSI WOG, forged brass body with nickel plating, stainless steel ball and stem, blowout-proof stem design, full flow port, fiberglass reinforced teflon seat and seals, separate packing nut, lever handle, balancing stops, extended neck, threaded ends.

B. Three-way, two position valve for constant pumping (CAV) system or two-way, modulating valve for variable pumping (VAV) system flow shall be suitable for an operating temperature range of 0 to 212 Degree F, quiet in operation, fail safe in either normally open or normally closed positions, capable of operating in sequence when required by the sequence of operation, suitable for the pressure conditions and close against the differential pressures involved.  

C. Valves shall have an ISO type, four bolt flange for mounting actuators in any orientation, parallel or perpendicular, to the piping.  A non-metallic thermal isolation adaptor shall separate the flange from the actuator with high temperature materials rated for continuous use at greater than the application temperature.  Valve assemblies provided without thermal isolation are not approved.

D. The isolation adaptor shall provide a stable direct-coupled mechanical connection between the valve body and the actuator in addition to preventing lateral or rotational forces from affecting the stem and its packing o-rings.  The actuator shall be direct coupled to the valve with a single screw.  The stem packing shall consist of two        o-rings designed for ON/OFF or modulating service and require no maintenance.

E. All control ball valves shall have a flow characterizing disc held securely by a keyed ring in the inlet of the valve to provide the true equal percentage flow response.  Three-way, two position valves used for mixing or diverting flows shall have an equal percentage control port and a properly sized linear bypass port so that the total flow remains near constant.  In addition, a three-way, two position valve shall be provided at the end of the loop to prevent pump dead heading.
2.17 CHILLED WATER CONTROL GLOBE VALVE

A. 4 to 6 Inches: MSS-SP-80, ANSI Class 125, suitable for an operating temperature range of 32 to 250 Degree F, iron body and screwed bonnet, non-rising stem and malleable handwheel, inside screw, renewable composition disc, TFE V-ring packing to prevent leakage at the stem, flanged ends with backseating capacity.

B. The flow type for two-way, modulating valves shall be equal percentage.   All control ball valves shall have a flow characterizing disc held securely by a keyed ring in the inlet of the valve to provide the true equal percentage flow response.  Three-way, two position valves used for mixing or diverting flows shall have an equal percentage control port and a properly sized linear bypass port so that the total flow remains near constant.  

2.18 CHILLED WATER CONTROL BUTTERFLY VALVE

A. Over 6 Inches: MSS-SP-67, full lug cast iron body, suitable for an operating temperature range of minus 22 to positive 212 Degree F, 304 stainless steel disc to provide bubble tight close off in either direction, phenolic backed EPDM seat to be non-collapsible and easy to replace, one piece stainless steel stem, wafer or lug ends, 416 stainless steel shaft to be supported at four locations with PTFE bushings for positive shaft alignment, handwheel and gear drive for valves 6 inches and larger unless otherwise noted, rated for 200 PSIG bi-directional differential pressure and a dead end service rating of 200 PSIG with the downstream flange removed.  The extended stem shall extend beyond the insulation for unobstructed operation.

2.19 VALVE ACTUATORS

A. UL listed, ISO 9001 quality certified, heavy duty electronic, proportional floating or two position actuator capable of providing the minimum torque required for proper valve close-off for the required application and provided with a NEMA Type 2 housing for water and moisture resistance, NEMA Type 4 actuator having an internal heater to prevent condensation, current limiting circuitry or microprocessor overload protection incorporated in its design to prevent damage to the actuator, manual override equipped with interlocking device to protect actuator from over-torque of the manual override, graduated visual position indicator and an attached 3 foot cable for easy installation to a junction box.  Operator linkage arrangement to permit normally open or normally closed positions of the damper as required.
2.20 OUTSIDE AIR MAKEUP CONTROL DAMPER MOTOR ACTUATOR

A. 24 Volt spring return to close, heavy duty, direct coupled electric actuator motor with minimum 75 Inch Lb. of torque, visual position indicator, mounted outside of duct.  Actuator to be as manufactured by Belimo.

2.21 DAMPER ACTUATORS

        A.        Refer to Section 15810 - Ducts and Section 15816 - Nonmetal Ducts.
2.22 SMOKE DETECTORS

A. Smoke Detectors: Of the photocell type provided under Division 16 and installed under Division 15.  Locate one detector in the air handling unit’s supply air duct upstream of the electric resistant duct heater and wired to stop the supply fan upon sensing products of combustion. 

B. Detectors to be wired under Division 16 for fire alarm system activation.  The air handling unit, electrically interlocked to the fire alarm system under Division 16, is to shutdown upon activation of any station of the fire alarm system.  No interface is required between the control system and the smoke detectors.

C. All detector tubes shall extend the full width of the duct and terminate 1 inch past the external duct insulation.  Seal airtight all tube penetrations through the ducts.

D. Install supply air duct detectors over the rigid duct insulation.  Seal airtight all tube penetrations through the ducts.
2.23 CENTRAL H.O.A. CONTROL PANEL

A. Provide a Central H.O.A. Control Panel. 

B. Each air handling unit to be enabled or disabled by a dedicated zone switch with the zone not exceeding a total of 20 HP connected fan motor load.  This only applies to constant air volume designs and not variable air volume designs.

C. The mechanical equipment room outdoor air dampers and toilet exhaust fans are to be on one zone and separate from the air handling units.

D. The panel will also contain a single zone switch to enable and disable the chiller equipment.

E. All electrical wiring interface between the school based Andover EM/S System and the HVAC system will be done on the auto side of the H.O.A. switch for Start/Stop control.  

F. All HOA switches shall be monitored by the ATC system.  When any HOA is moved to the hand position, an alarm shall be sent to the SBBCs operator workstation.

G. Provide one complete set of spare pilot light bulbs and store inside the panel.

2.24 CONTROL WIRING

A. Conductors:  Stranded copper.

B. Line Voltage Circuits Wire Size:  #14 AWG.

C. Low Voltage Control Wire Size:  Twisted #18 AWG.

D. Control panels to have 120 VAC power furnished and installed under Division 16.

2.25 ALARM

A. For exhaust fans in such areas as the flammable storage room, science material organic/inorganic storage rooms and the kiln room, provide an audible alarm activated by a current sensor in the exhaust fan circuit to indicate fan failure.  The alarm shall be wired on a separate circuit and be installed under Division 16.

PART 3 EXECUTION

3.1 SEQUENCE OF OPERATION

A. Refer to Section 15940 - Sequence of Operation. 

3.2 INSTALLATION

A. Install all controls to achieve the specified sequence of operation and in accordance with the manufacturer’s instructions and roughin plans.  The controller shall be mounted at a convenient location and height.

B. Install the Central H.O.A. Control Panel in the Media Center Equipment Room (ER).  Allow space for the installation of a 36 inch x 28 inch EM/S panel to be mounted adjacent to the Central H.O.A. Control Panel.

C. Adjust location, setting, mounting and attitude of controls in the Equipment Room to obtain the desired sequence as directed by the Project Consultant.

D. In both the building interior and exterior, provide a CO2 sensor to record the indoor and outdoor air CO2 levels.

E. In addition to the installation of thermostats and humidity sensors in the building interior, provide a thermostat and humidity sensor on the building exterior to record the outdoor ambient temperatures and humidity levels.

F. The installation of thermostats and humidity sensors in classrooms and other interior  building areas where they are accessible to personnel such a teachers, etc. is to be avoided.  For CAV systems, a thermostat sensor and humidity sensor shall be installed in the return air duct to average out the return air of various areas.  For VAV systems, the thermostat sensor and humidity sensor shall be installed on the neck of the return air duct immediately above the return air grille.   

G. Identify each control device or H.O.A. switch with a permanent, engraved, laminated plastic nameplate with maximum 1/4 inch high white characters on a black background.  Affix nameplates with a silicone adhesive similar to DOW RTV.
H. Secure control devices accessible to working personnel with locking covers or concealment as directed by the Project Consultant to prohibit unauthorized operation.

I. Provide clearance for installation of insulation and access to actuator valves and fittings.  Actuator valves in insulated piping shall be provided with extended stems in order to clear the insulation.

J. Install actuator valves with stems upright or horizontal, not inverted.

K. Identify and record on the As-Built drawings the locations of all smoke detectors.
3.3 TEST AND ADJUST

A. Startup: Startup, test and adjust control system in the presence of the manufacturer's authorized representative.  Demonstrate compliance with requirements. Replace damaged or malfunctioning controls and equipment.

B. Cleaning: Clean factory finished surfaces. Repair any marred or scratched surfaces with manufacturer's touchup paint.

C. Final Adjustment:  After completion of installation, adjust thermostats, control valves, motors and similar equipment provided as work of this section. Perform final adjustment by specially trained personnel in the direct employ of the manufacturer of the primary temperature control.

D. Submit data showing set points and final adjustment of controls.

3.4 DEMONSTRATION

A. Demonstrate complete operation of system, including sequence of operation.

3.5 TRAINING

A. Provide services of manufacturer's technical representative for forty hours of onsite classroom training to instruct Owner's personnel in operation and maintenance of control systems. Provide at least a fourteen day written notice to the Contractor and the Project Consultant of training dates.
3.6 DISPLAY OF SEQUENCE OF OPERATION

A. Submit for approval after installation and demonstration are complete, a simplified sequence of operation geared to a non-technical individual of high school education explaining system operation and corresponding to actual devices. Upon approval by the Owner, mount one copy of sequence of operation behind a plexiglass or lexan adjacent to the primary control panel location.

END OF SECTION
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