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AUTOMATIC TEMPERATURE CONTROLS

PART 1 – GENERAL

1.1 DESCRIPTION OF WORK

A. Provide a fully integrated Direct Digital Control (DDC) system, utilizing stand-alone programmable digital controllers to operate all mechanical systems and equipment (as described herein), all networked together so as to provide the functionality of a Building Automation System (BAS). 

B. Provide DDC control of the central station VAV air handling unit, and all terminal units (VAV and fan powered boxes) connected to this mechanical system.

C. Provide DDC control of the…

D. Provide DDC control of the…

E. Provide non-DDC control of miscellaneous unitary systems and equipment, such as exhaust fans and unitary heating equipment, as outlined in the Sequence of Operation.

F. Provide all required engineering, programming, supervision, parts and equipment, installation labor, technical support, and commissioning services for a fully functional temperature control system as described herein.

1.2 RELATED DOCUMENTS

A. The General Provisions of the Contract, including Division 1 of the Specifications.

B. Mechanical and electrical plans, as prepared by the Engineer.

C. All portions of Division 15 (Mechanical) and Division 16 (Electrical).

1.3 WORK INCLUDED

A. Work listed under this heading is that of which can fall under more than one Division. Work listed here is the responsibility of this Division:

1. 120-volt power to T/C panels.

2. Control power to VAV boxes.

3. Line thermostat wiring of exhaust fans.

4. Timeclock wiring of exhaust fans.

5. Interlock wiring between HVAC equipment.

6. Smoke detector shutdown wiring of air handling equipment requiring smoke detectors.

1.4 WORK BY OTHERS

A. Work listed under this heading is that of which can fall under more than one Division. Work listed here is NOT the responsibility of this Division:

1. Control power to fan powered boxes. Division 16 to run main power (120 or 277 volts) to fan powered boxes. Boxes to be equipped with factory mounted and wired step down control transformers.

2. Wall switch wiring of exhaust fans.

3. Power wiring of duct mounted smoke detectors.

4. Fire alarm interlock wiring from smoke detectors to Fire Alarm System panels.

1.5 FURNISHED AND INSTALLED

A. Items listed under this heading are those of which can fall under the responsibility of more than one Division. Items listed here are furnished and installed under this Division.

B. Furnished By The T/C Contractor For Installation By The Mechanical Contractor:

1. Properly sized control valves.

2. Water flow switches.

3. Sensor immersion wells.

4. Digital controllers for terminal units.

5. Airflow measuring stations.

C. Furnished And Installed By The Mechanical Contractor:

1. Thermostatic control valves.

2. Control dampers (actuators furnished and installed by T/C Contractor).

3. Pressure taps (for pressure controllers and transmitters).

D. Furnished By The Mechanical Contractor For Installation By The T/C Contractor:

1. Any controls associated with packaged equipment, that is purchased with the equipment, and shipped loose for field installation.

1.6 FURNISHED BUT NOT INSTALLED

A. Items listed under this heading are those of which can fall under the responsibility of more than one Division. Items listed here are furnished under this Division:

1. Duct mounted smoke detectors.

1.7 FURNISHED AND INSTALLED BY OTHERS

A. Items listed under this heading are those of which can fall under the responsibility of more than one Division. Items listed here are NOT the responsibility of this Division:

1. Motor starters for non-packaged equipment (fans and pumps).

2. Electrical disconnects for equipment without such factory mounted devices.

1.8 COORDINATION WITH OTHER TRADES

A. Contractor shall coordinate his Work with that of other Trades, where such Work is thought to overlap or otherwise directly affect or impact the Work of others. This includes but is not limited to the following:

1. Locations of motor starters shall be the responsibility of this Contractor, and thus should be coordinated with Division 16.

2. Locations of duct mounted smoke detectors shall be the responsibility of this Contractor, and thus should be coordinated with Division 16.

3. Power for temperature control panels to be provided by Division 16. This Contractor shall coordinate locations of control panels in conjunction with the nearest circuit breaker panels, and inform Division 16 of the requirement for dedicated breakers for said control panels.

4. Terminal unit air balancing: Air Balancer shall balance units with portable service tool provided by the T/C Contractor.

1.9 QUALITY ASSURANCE

A. The T/C Contractor must be experienced in the installation of DDC systems, with at least 2 years of experience and no fewer than 12 installations of the DDC product to their credit. The installation shall be performed by competent mechanics and electricians regularly employed by the Contractor. The Contractor shall have in place a support facility locally or within the region, to provide technical support and service throughout the warranty period (at no charge) and beyond (at the Owner’s expense).

B. The DDC system shall consist of all the necessary controllers, devices, accessories, and electrical wiring as required to fulfill the intent of this specification.

C. The T/C Contractor shall check and verify all contract documents, and shall be responsible for the accuracy of all Work as it progresses.

D. All Work shall be in strict accordance with all applicable codes and standards, including but not limited to national and local electrical codes, and with the electrical section of this specification.

1.10 SUBMITTALS

A. No later than (30) days after the contract has been awarded, provide 6 temperature control submittal packages, to include the following:

1. Network Architecture Diagram showing all proposed controllers and how they are networked together.

2. Description of Control listing out each and every piece of equipment along with a brief explanation on how they are to be controlled.

3. Product Data on digital controllers, associated hardware, and system software.

4. Product Data on all field devices, including sensors, transmitters, auxiliary controllers, safety and limit controllers, end devices (valve and damper actuators, etc.), and miscellaneous devices (transformers, relays, etc.).

5. Control Valve Schedule and Points Lists, as per controller.

B. Submittals will be returned to the Contractor “Accepted”, “Accepted as Noted”, or “Rejected: Resubmit”. If accepted, the T/C contractor can proceed with the development of full-blown wiring and control diagrams, and Sequences of Operation. Submit such documents, when completed, for record only.

1.11 WARRANTY

A. The Work under this Division (both labor and materials) shall be warranted and free from defects for a period of 12 months after final completion and acceptance. Operational failures and equipment defects shall be rectified during this period by the T/C Contractor at no charge. This includes hardware, field wiring, and software & programming deficiencies.

B. Upgrades to installed hardware shall be performed, at no charge, provided that upgrades become available during the warranty period, and that they are required for optimal operation.

C. Software upgrades shall be provided, at no charge, provided that upgrades become available during the warranty period, and that they can be loaded with minimal impact on the programming of the control system.

D. Warranty calls shall be responded to directly by the T/C Contractor, within 48 hours of the call for non-emergency calls, and within 4 hours of the call for emergency calls. Distinction between emergency and non-emergency calls is to be determined by both parties.

1.12 AS BUILTS

A. No later than (30) days after final completion and acceptance, provide 6 closeout documentation packages, to include the following:

1. Final Wiring and Control Diagrams.

2. Final Valve Schedule and Controller Points Lists.

3. Final Sequence of Operation.

4. Program Documentation.

5. Project diskettes or CDs.

6. Operation & Maintenance Manuals on all Devices requiring such manuals.

1.13 TRAINING

A. All training shall be performed by a competent representative of the control systems installer (this Contractor) and/or the control systems product manufacturer, contingent upon the extent of involvement in the project by both parties.

B. Training shall consist of 3 four-hour sessions, with the last session to take place in the opposite season.

C. Training shall cover basic control systems operation, equipment specific details, and navigation of the front end graphics package, minimally consisting of monitoring and setpoint adjustment, scheduling, data logging and point trending, and alarming.

1.14 SOFTWARE RIGHTS

A. The Owner and the party providing the control system software will enter into a software license agreement, as put forth by the software provider.

PART 2 – PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. One of the following. Contractor must be qualified and certified to install manufacturer’s product.

1. XYZ Controls

2. PCS Engineering

B. Alternate manufacturers whose products perform as per these specifications may be given consideration. Engineer will determine this, and will consider acceptable alternates for approval.

2.2 CONFIGURABLE CONTROLLERS

A. Configurable controllers, or “primary controllers”, shall be capable of equipment and plant level applications, and shall have the input/output point count to match the application. Inputs shall be universal, each able to be easily configured as a voltage or thermistor analog input, or as a contact closure binary input. Outputs shall be factory configured as separate analog and binary outputs. Allow for one spare input and one spare analog and binary output per controller.

B. Configurable controllers shall be fully programmable, utilizing a graphical style programming technique for configuration. Configurations shall be stored in non-volatile EEPROM memory and shall not be lost in the event of a loss of power to the controller. Addressing shall be memory-based, and shall not be via controller hardware such as jumper wires or DIP switches.

C. All controllers shall be capable of operating in a stand-alone mode, without any support from the network. If network communications are lost, the controller continues to operate with the last information provided to it from the network, in terms of setpoints, schedules, etc.

D. Controllers shall have a real-time hardware clock and battery backup, so that time and date are maintained regardless of power outages. The clock shall automatically adjust for daylight savings, and account for leap years. If there is more than one configurable controller on the network, then a single controller shall be designated as the master timekeeper, and shall synchronize the others on a periodic basis.

E. Controllers shall have at least one RS232 port for connection of external devices (laptop computer, etc.), and operate with 16 bit microprocessors, with a scan time of no greater than 1 second, and minimum communication speed of 19.2K baud. Controllers shall have an ambient operating range of 32-100 degrees F.

2.3 APPLICATION SPECIFIC CONTROLLERS

A. Application specific controllers, or “secondary controllers”, shall be capable of unit level applications (packaged rooftop units, fan coil units, terminal units, etc.), and shall have the appropriate point count to match the application. Inputs shall be universal, configured as a voltage or thermistor analog input, or as a contact closure binary input. Outputs shall be factory configured as separate analog and binary outputs.

B. Application specific controllers shall contain standard “pre-programmed” routines for typical unitary equipment sequences. The “personality” of a controller is set within the controller and shall be stored in non-volatile EEPROM memory and shall not be lost in the event of a loss of power to the controller. Addressing shall be memory-based, and shall not be via controller hardware such as jumper wires or DIP switches.

C. All controllers shall be capable of operating in a stand-alone mode, without any support from the network. If network communications are lost, the controller continues to operate with the last information provided to it from the network, in terms of setpoints, schedules, etc.

D. Controllers shall have a software clock that shall be synchronized on a periodic basis by the primary controller designated as the master timekeeper. In between time synchronization broadcasts, the controllers shall keep time based on the frequency of the AC power.

E. Controllers shall have an RS485 communications port for connection of external devices (handheld service tool, etc.). This port shall be made available (as required) at the space sensor level, via standard Category 5 wiring from the controller to the sensor, and an RS485 socket at the sensor. The controllers shall operate with 8 bit microprocessors, at a minimum communication speed of 19.2K baud. Controllers shall have an ambient operating range of 32-120 degrees F.

2.4 NETWORK COMMUNICATIONS

A. Cabling: Network communication wiring shall be two-conductor twisted pair cable, plenum rated where required. Shielded cable shall not be required.

B. Protocol: Communication shall be via an open, published protocol over standard RS485 network media type.

C. Baud rate: Communication speed on the network shall be a minimum of 19.2K bps.

D. Network levels:

1. A peer-to-peer, or “system bus” network will connect all primary (configurable) controllers. All controllers on this network shall have equal rights for data transfer. All controllers shall be capable of global point sharing, global application programs, and controller-to-controller communications, without the presence of a network level controller or host computer.

2. Polling or “local bus” networks will connect appropriate groups of secondary (application specific) controllers. Controllers on these networks will be supervised by a chosen primary controller. Secondary controllers cannot directly share information. Information can be polled from controllers by the supervisory primary controller, and likewise information can be broadcast from the primary controller back to the secondary controllers.

E. Number of controllers on a network level:

1. Up to 255 primary controllers shall be able to reside on the system bus, with a repeater required only after 32 devices or 4000 feet, whichever comes first.

2. Up to 64 secondary controllers shall be able to reside on any local bus, with a repeater required only after 32 devices or 4000 feet, whichever comes first.

F. Interface to third party equipment: Wherever possible, network integration with microprocessor controlled packaged equipment shall be provided. This is to be implemented via common protocol or via a gateway or protocol converter. This allows a degree of monitoring and supervisory control of the equipment by the control system, without the need for additional sensing and control devices to be installed at the piece of equipment.

2.5 OPERATOR INTERFACE

A. Furnish and set up (1) PC based operator workstation, on site, in a room or area suited to its function. Coordinate final location with Owner.

B. Workstation to minimally consist of the following:

1. Pentium 266 MHz microprocessor

2. 64 MB RAM, Windows 2000 or later

3. 2 GB hard drive

4. 17” monitor supported with 800 x 600 screen resolution

5. CD-ROM

6. Standard mouse and keyboard

7. RS232 serial communication port

8. Control system software

C. The workstation is to be “non-dedicated”, meaning that it can be used for other basic applications, and does not have to be strictly dedicated to the networked control system. In addition, the control system is not dependent on the workstation for operation; the PC can be turned off or disconnected from the network, and the control system carries on with its functions.

D. Furnish a modem to give the Owner the capability of dialing in from a remote site, and to implement alarm dial-outs to an alphanumeric pager.

E. Furnish (1) additional software license for the Owner to load on an Owner-provided laptop or notebook computer, thus giving the Owner the ability to access the network(s) from a remote site, or locally at any controller on the network.

F. For primary controllers, where local operator access is foreseen to be a frequent task, provide local displays for limited monitoring and setpoint adjustment. Displays to have LCD readouts and keypads, and are to be installed into the covers of the enclosures housing the controllers.

G. At the request of the Owner, a handheld service tool shall be provided and turned over to the Owner for use by the building maintenance personnel. This device shall be a commercially available PDA running the appropriate software, and shall allow for direct access to any controller on the network via local connection (typically required for servicing and troubleshooting purposes). This device is not a mandatory part of the scope of Work defined by these specifications, and shall be negotiated between the Contractor and the Owner upon completion and acceptance.

2.6 OPERATING SYSTEM SOFTWARE FEATURES

A. As a minimum, the operator workstation shall have the following features:

1. User-friendly navigation graphics.

2. Home screen with general data (outside air temperature, time of day, etc.) and jump buttons to building floor plan screen(s).

3. Building floor plans showing locations of all major equipment and all temperature zones.

4. Jump buttons to each major piece of equipment, and to each piece of unitary (zone level) equipment.

5. Major monitoring and control parameters of each piece of equipment.

6. Multi-level password protection.

7. Alarm and trend logging ability.

8. Alarm dial-out capability.

2.7 PROGRAM FEATURES

A. As a minimum, the control system shall be able to provide the following routines, as are typical of the operation and control of HVAC systems and equipment:

1. Scheduling

2. Night setback

3. Morning warmup

4. Timed override

5. Reset

6. Enthalpy changeover

7. Demand limiting

8. Optimal start/stop

B. These routines shall be provided as standard algorithms within the programming architecture of the configurable and application specific controllers, and utilized as their application warrants. Not all of the above routines will necessarily apply to every system and every piece of equipment, and some may not apply at all for this particular project. Refer to the Sequence of Operation (and Points Lists) for specific application of any of these routines.

2.8 SENSORS AND TRANSMITTERS

A. Sensors (general): All temperature sensors shall be of the two-wire thermistor type, with a resistance of [3K, 10K] ohms at 77 degrees F.

B. Space Sensors: Shall have a finished decorative cover, with setpoint adjustment (limited through software), and override button.

C. Outside Air Sensors: Shall be suitable for outdoor mounting, with a sun and weather shield, and located on the North side of the building.

D. Duct Sensors: Shall be of the insertion type, with a length no shorter than 8 inches for duct widths up to 24 inches, no shorter than 12 inches for duct widths up to 36 inches, and no shorter than 18 inches for duct widths larger than 36 inches.

E. Averaging Sensors: For where mixing of airstreams may result in stratification, averaging sensors shall be used, the length of which shall be two times the maximum duct dimension.

F. Immersion Sensors: Shall be installed in a copper or stainless steel well, packed with conductive compound to facilitate heat transfer.

G. Transmitters: All variables not capable of being measured by passive devices are to be measured by transmitters. This includes pressure and relative humidity. Signals generated by transmitters shall be [1-5 VDC, 2-10 VDC, 4-20mA].

2.9 SWITCHES AND TWO-STATE CONTROLLERS

A. Freezestats: Shall be of the manual reset type. Controller to have at least a 20 foot sensing element, to be draped across the leaving side of the appropriate chilled water, hot water, or steam coil.

B. High Limit Static Pressure Switches: Shall be of the manual reset, diaphragm type.

C. Line Voltage Thermostats: Shall be of the snap-acting bimetal type, single pole double throw.

D. Current Sensing Switches: Shall be solid state with adjustable trip current setting.

E. Differential Pressure Switches: Shall be used where practical, for status indication, in lieu of current sensing switches.

F. Air Pressure Switches (for static or differential pressure applications): Shall be diaphragm type pressure switches.

G. Clogged Filter Switches: Shall be diaphragm type pressure switches.

H. Water Pressure Switches (for differential pressure applications): Shall be bellows type pressure switches.

I. Water Flow Switches: Shall be immersion paddle type flow switches.

2.10 END DEVICES

A. Control Dampers: Shall be duct size if two-position, and sized for the appropriate pressure drop if modulating. All control dampers shall be low leakage type. Dampers used in modulating applications shall be of the opposed blade type.

B. Damper Actuators (general): Shall be of the direct mount type, suitably sized for the dampers they serve. They shall require 24-volt AC power, and unless two-position control is explicitly specified, shall be able to accept a proportional control signal of 0-10 or 2-10 VDC. Unless otherwise specified, they shall be spring-return.

C. Control Valve Bodies: Shall be sized, by accepted industry standards, for the coils they serve. Valve bodies in the ½” to 2” range may either be globe or ball. A valve body shall not be selected that is less than half the line size. Valve bodies in the 2”-6” range shall be globe. Valve bodies larger than 6” shall be butterfly.

D. Valve Actuators (general): Shall be of the direct mount type, suitably sized for the valves they serve. They shall require 24-volt AC power, and unless two-position control is explicitly specified, shall be able to accept a proportional control signal of 0-10 or 2-10 VDC. Unless otherwise specified, they shall be spring-return.

E. Zone Damper and Zone Valve Actuators: Shall be of the direct mount type, shall require 24-volt AC power, and shall be able to accept either a proportional or floating type control signal. The application shall dictate whether or not they will be spring-return.

2.11 MISCELLANEOUS DEVICES

A. Control Enclosures: Shall be NEMA 1 (indoor, general use), or NEMA 3 (outdoor use) with perforated mounting panels and hinged doors.

B. Relays and Contactors: Shall be suitable for the loads that they handle.

C. Control Transformers and Power Supplies: Shall be UL listed, 24-volt, Class 2 current limiting type, or shall have fusing on both the primary and secondary sides.

D. Transducers: Shall be utilized where there is a need to convert one type of control signal to another. An example of this is an electronic-to-pneumatic transducer, which can take a 2-10 VDC or 4-20 mA electronic control signal, and convert it to a 3-15 psi pneumatic control signal, for modulation of a pneumatic actuator.

PART 3 – EXECUTION

3.1 GENERAL

A. The control systems equipment, components, and wiring shall be designed, installed, and commissioned in a fully operational manner, including all labor noted in this and all other related construction documents.

B. All electrical installation shall be in compliance with the National Electrical Code, with any and all applicable local building codes, and with Division 16 of these specifications.

C. Install equipment, conduits, and raceway parallel to building lines wherever possible.

D. Verify integrity of all wiring and cabling to ensure continuity and polarity. Verify that there is no shorting or grounding of wires anywhere in the system.

E. Comply with all accepted industry specifications and performance standards, so as to guarantee an installation that meets or exceeds the expectations of the both Owner and the Engineer.

3.2 PROJECT MANAGEMENT

A. Provide a designated Project Manager, whose responsibilities include but are not limited to the following:

1. Construct a project schedule and maintain pace with the schedule.

2. On-site coordination with other trades.

3. Attend project meeting as required.

4. Make necessary field decisions, relating to this scope of Work.

5. Serve as the single point of contact for this Contractor.

3.3 WIRING

A. All power and control wiring shall be properly supported and run in a neat and workmanlike fashion. All wiring shall be installed as per Division 16 of these specifications.

B. The requirement for conduit is governed by the codes and standards that the local municipality follows. These codes and standards supersede any and all guidelines offered here in this section, and in other sections within these specifications.

C. NEC Class 2 power-limited circuits are required for any wiring that is to be run in “free air”, under the limitations of these specifications. A Class 2 circuit is a low voltage, current limited circuit powered by a source with a maximum rating of 100 VA.

D. Wire sizes for control wiring and cabling shall be in accordance with accepted industry practices. Minimum wiring gage shall be #20 AWG, and shielded where required. Use color conductors throughout the installation, and maintain consistency with the color-coding.

E. Communication cabling shall be as per the specification. Any wires or cables (communication cabling, control power wiring, interlock wiring, etc.) run in spaces above lay-in ceilings that serve as return air plenums shall be plenum rated.

F. Conduit shall be required for all 120-volt circuits, and all low voltage circuits that do not meet the NEC Class 2 classification. In addition, conduit shall be required in all mechanical and electrical rooms (and other exposed areas), behind walls and up into plenum ceilings, and passing through floors. Any outdoor wiring shall be in conduit and shall be weather-tight.

G. Wiring within control panels shall be neatly bundled, with all conductors tagged and color-coded.

3.4 INSTALLATION REQUIREMENTS (DEVICES)

A. For those devices of which are “at risk” of being installed incorrectly. Exclusion of devices from this section does not exempt the installer from installing the devices in accordance with the installation instructions, accepted industry practices, and all applicable codes and standards.

B. Outside air temperature sensors: Shall be mounted on a North exposure, shielded from the elements.

C. Duct averaging sensors: Shall be installed in a serpentine fashion so as to cross-section the area of the duct, and supported with appropriate sensor clips.

D. Freezestats: Shall be installed in a serpentine fashion so as to cover the entire area of the coil that it protects, and supported with the appropriate capillary clips.

E. Duct static pressure transmitters: Shall be mounted locally to the control panel that it is wired to. The high port shall be piped to the duct 2/3 of the way down the trunkline, and terminated with a pitot tube. The low port shall be left open.

F. Building static pressure transmitters: Shall be mounted locally to the control panel that it is wired to. The high port shall be piped to an open area within the building (typically a lobby), and terminated with a ceiling fitting. The low port shall be piped outdoors and terminated with an outdoor reference fitting.

G. All space sensors and thermostats: Shall be mounted at a minimum of 4’0” A.F.F. (Above Finished Floor).

3.5 STARTUP AND COMMISSIONING (VALIDATION)

A. The T/C Contractor shall completely check out, calibrate and test the control system in its entirety so as to ensure that the system performs in accordance with the Engineer’s intentions and with the approved Sequence of Operation.

3.6 DEMONSTRATION AND ACCEPTANCE

A. Demonstrate complete and operating control system to the Owner upon completion of the project. Provide an Owner walk-through, covering all systems and major equipment, and perform the Owner training as outlined in an earlier section of these specifications.

B. Upon satisfactory completion of the Owner walk-through and of the first installment of training (satisfaction determined by both the Owner and the Engineer), acceptance of the control system shall be granted.

PART 4-SEQUENCE OF OPERATION

4.1 CENTRAL STATION VAV AIR HANDLING UNIT

A. Scheduling function indicates Occupied Mode, outside air damper opens to minimum position, and supply and return fans run continuously.

B. Discharge air temperature is maintained at the proper setpoint (55 degrees F. adj.), by mechanical (DX) cooling, by economizer implementation, or by a combination of both, as determined via outdoor air conditions.

C. If outdoor conditions are such that the mixture of return air and the required outside air is below discharge air temperature setpoint, then the electric heating coil is staged to maintain discharge air setpoint.

D. Duct static pressure is maintained at the proper setpoint (1.5” W.C. adj.) by varying supply fan speed via the VFD.

E. Building static pressure is maintained at the proper setpoint (.1” W.C. adj.) by varying return fan speed via the VFD.

F. Freezestat and high limit static pressure switches monitor their respective operating conditions, and shut down the air handler if unacceptable conditions are encountered.

G. During Unoccupied Modes, the air handler shuts down, only to come upon a call for a Night Setback Cycle.

4.2 COOLING-ONLY VAV BOXES

A. VAV boxes without heating coils shall operate in the Occupied Mode in typical pressure independent fashion. A zone sensor (one per box/zone) operates the VAV box, allowing less and less cool air to pass through the box as zone temperature drops toward setpoint.

B. Minimums are to be enforced as per the ventilation schedules, to ensure adequate ventilation.

4.3 VAV BOXES WITH ELECTRIC REHEAT

A. VAV boxes with heating coils operate in the Occupied Mode in typical pressure independent fashion. A zone sensor (one per box/zone) operates the VAV box with reheat similar to the cooling-only VAV box, except that once the zone temperature drops below setpoint, the air damper jumps to a “heating position”, and the electric reheat coil is staged.

B. Minimums are to be enforced as per the ventilation schedule, to ensure adequate ventilation.

4.4 EQUIPMENT

4.5 EQUIPMENT

4.6 EQUIPMENT
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