
 

 

ADDENDUM 02

March 7th, 2022 

 
ISSUED BY ISSUED FOR 

Henderson Engineers, Inc.  Liberty Public Schools 
8345 Lenexa Dr. 8 Victory Ln 
Lenexa, KS 66214  Liberty, MO 64068 
 
NOTICE TO ALL BIDDERS FOR THE 

Liberty Public Schools, Support Service Center 
 
You are instructed to read and to note the following described changes, corrections, clarifications, omissions, 
deletions, additions, approvals, and statements pertinent to the Contract Bid and Construction Documents. 
 
This addendum is part of the Contract Bid and Construction Documents and shall govern in the performance of 
the Work. 

 

 

MECHANICAL  

1. Sheet M000 – MECHANICAL GENERAL NOTES 

A. ADDED General Mechanical Note 25. 

2. Sheet M101 – MECHANICAL HVAC PLAN 

A. ADDED KN11. 

B. ADDED Humidity sensor for RTUs 1,2,3, and 4.  

3. Sheet M600 – MECHANICAL SCHEDULES 

A. ADDED existing RTUs approximate weights.  

B. REVISED RTUs cooling coil LAT. 

C. REVISED RTUs minimum number of heating stages.  

4. Sheet M701 – MECHANICAL CONTROLS 

A. REVISED graphic, removing the airflow measuring station. 

B. REVISED points list, removing reference to a staged cooling compressor. 

5.  Sheet M801 – MECHANICAL SPECS 

A. REVISED Section “B. Building Automatic Control Equipment”, changing approved controls 
manufacturers.   
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SCALE: 1/8"=1'-0"
MECHANICALHVAC PLAN - BASE BID1

SCALE: 1/8"=1'-0"
MECHANICALHVAC PLAN - ALTERNATE #22

SCALE: 1/8"=1'-0"
MECHANICALHVAC PLAN - ALTERNATE #33

SCALE: 1/8"=1'-0"
MECHANICALHVAC PLAN - ALTERNATE #74

SCALE: 1/8"=1'-0"
MECHANICALHVAC PLAN - ALTERNATE #65
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SEQUENCE OF OPERATIONS
MULTI-ZONE VARIABLE AIR VOLUME
ROOFTOP UNITS (RTU-3)
This sequence of operations is organized into the following main categories:
operating modes; control setpoint resets; safeties, overrides and interlocks; and
component control loops.  The operating modes describe the criteria that either
enable or disable the various modes of operation.  If a mode of operation is not listed
within a component control loop section then that mode of operation has no direct
influence on the operation of the component.  The control setpoint reset section
describes the logic and reference variables that will be used to reset control
setpoints to a new value within its reset range.  The safeties, overrides, and
interlocks section outlines the hardwired interlocks that are required to meet life
safety requirements.  Safeties and interlocks take precedence over all other control
strategies outlined in this document. The control responses of each component for
the various modes of operation are described in the component control loop
sections.  Setpoints shall be adjustable (adj.) as noted.

The sequence of operations, the points list and control diagrams shall be used to
provide a complete description of the control philosophy for the controlled
equipment.  Individual setpoint values, reset ranges, and alarm action levels are
listed in the points list.  Components and control sensor locations are graphically
depicted on the control diagram. The controls contractor shall be responsible for
coordinating any necessary time delay setpoints to establish stable system
operation.

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of a
variable speed supply fan, energy recovery wheel, direct expansion cooling coil, gas
fired heat exchanger to provide heating, ventilation, and air-conditioning for the
conditioned spaces as shown on the drawings. An integral relief fan will be controlled
by the rooftop unit controller to maintain building pressurization.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule
shown on the control drawings.

UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the occupied
hours of operation. Overrides of unoccupied schedule are defined at the zone level
control .

MORNING WARM-UP/COOL-DOWN MODE:
The unit shall be in morning warm-up/cool-down mode according to an optimum
start sequence to allow the temperature control zones to reach their scheduled
occupied setpoints before the scheduled occupancy time.

LOSS OF POWER RESTART DELAY MODE:
The unit shall be in loss of power mode upon restoration of power after an
unexpected loss of power.  The unit shall remain in this mode for the duration as
defined by the unit start delay (USD) setpoint.  Once the unit start delay duration has
elapsed, the unit shall return to the previous mode prior to loss of power.

CONTROL SETPOINT RESETS
SUPPLY FAN STATIC PRESSURE RESET:
The supply air static pressure (SA-SP) setpoint shall be reset using trim and respond
logic within the range as listed in the “Setpoint Reset Range” column of the points
list.  The control system shall monitor the zone level VAV box cooling loop output to
determine the direction of reset (i.e., up or down). The control system shall be
capable of excluding zones from the analysis.

Trim and respond logic:

When fan is off, reset setpoint to the default value.

While fan is proven on:
If all zone dampers included in the analysis are less than 90% of cooling
loop output (adj.), every 2 minutes (adj.) decrease setpoint by 0.04 in-wg
(adj). Repeat trim and respond logic until at least one (adj.) damper is
greater than 90% open.
If at least one zone damper is greater than 95% open (adj.), every 2 minutes
(adj.) increase setpoint by 0.03 in-wg times the number of dampers greater
than 95% open, but no more than 0.12 in-wg. Repeat trim and respond logic
until all zone dampers are less than 95% open.

SUPPLY AIR TEMPERATURE RESET - TRIM AND RESPOND - COOLING
ONLY:
The supply air temperature reset sequence shall not be enabled until the supply air
static pressure is reset to its lowest setpoint as defined in the “Setpoint Reset
Range” column of the points list for 5 minutes (adj.).  While the supply air
temperature reset is enabled, the supply air static pressure setpoint shall be held at
its minimum value.

The supply air temperature (SAT) setpoint shall be reset using trim and respond
logic within the range as listed in the “Setpoint Reset Range” column of the points
list. The control system shall monitor the zone level VAV box cooling loop output to
determine the direction of reset (i.e., up or down).  The control system shall be
capable of excluding zones from the analysis.

Trim and respond logic:

When fan is off, reset setpoint to the default value.

While fan is proven on:
If all zone dampers included in the analysis are less than 90% of cooling
loop output (adj.), every 2 minutes (adj.), increase the setpoint by 0.5º F
(adj.). Repeat trim and respond logic until at least one (adj) damper is
greater than 90% open.
If at least one zone damper is greater than 95% open (adj.), every 2 minutes
(adj.), decrease setpoint by 0.5º F. Repeat trim and respond logic until all
zone dampers are less than 95% open.

The reset sequence shall be disabled when the supply air temperature is reset to its
lowest setpoint in the “Setpoint Reset Range” column of the points list and has
remained at this setpoint for 5 minutes (adj.)

When in economizer mode, reset the mixed air temperature setpoint (MAT) to be
equal to the supply air temperature (SAT) setpoint.

SAFETIES, OVERRIDES AND INTERLOCKS
SMOKE DETECTOR INTERLOCK:
The unit shall be disabled via hard wired interlock on activation of a system smoke
detector.  Display smoke detector relay status (normal or alarm) at the BAS front
end.

FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via relay circuit signal from the fire alarm control panel.

Division 28 shall provide the relay and leads from relay to unit.  BAS contractor shall
connect leads to unit.  Display relay status (normal or alarm) at BAS front end.

HIGH SUPPLY AIR STATIC PRESSURE INTERLOCK:
The unit shall be disabled via hard wired interlock at the fan start circuit upon
activation of duct high static pressure controller.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- VFD:
When in Occupied Mode:

The fan shall energize and slowly ramp to the initial minimum fan speed
determined during system startup. Minimum fan speed shall be established
during balancing.

The fan VFD shall modulate to control duct static pressure (SA-SP) at setpoint.

When in Unoccupied Mode:
The fan shall be OFF.  On a call for cooling/heating or override signal from the
zone level, the fan shall operate as in occupied mode until the call is cleared or
the override is removed.

When in Morning Warm-Up/Cool-Down Mode:
The fan shall operate as in occupied mode.

The fan shall be OFF

MIXED AIR DAMPERS WITHOUT ECONOMIZER
The mixed air damper assembly consists of a minimum outside air (MOA) damper
and return air (RA) damper.

When in Occupied Mode:
MOA Active Control- The MOA and RA dampers shall modulate together to satisfy
the minimum outside airflow setpoint as indicated by the minimum OA airflow
measuring station (MOA-AF).

MOA Monitoring Only- The airflow measuring station located in the minimum outside
air stream shall be provided for measurement and monitoring only. The airflow
quantities shall be reported to the building automation system and alarm notifications
annunciated in the event the minimum airflow is unmet during normal occupied
hours.

MOA Calculated Control- The MOA and RA dampers shall modulate together to
satisfy the minimum outside airflow setpoint as calculated by the BAS, using the
following formula:

MOA = (MAT - RAT) / (OAT - RAT) x SA-AF

When in Unoccupied Mode:
The MOA damper shall be fully closed and RA damper shall be fully open.  On
a call for cooling/heating or override signal, the MOA damper shall remain
closed unless beneficial for cooling.

When in Morning Warm-Up/Cool-Down Mode:
The MOA damper shall be fully closed and the RA damper shall be fully open.
The MOA damper shall be allowed to open if beneficial for cooling or heating.

FILTER MONITORING
When in All Modes:
The controller shall monitor the differential pressure across each filter bank and shall
provide a signal when the setpoint is exceeded.

HEATING COIL- GAS MODULATED
When in Occupied Mode:

The controller shall modulate the heating to maintain the supply air
temperature setpoint (SAT).

When in Unoccupied Mode:
The coil shall be OFF.
On a call for heating or override signal from the zone level the coil shall operate
as in occupied mode until the call is cleared or the override is removed.

When in Morning Warm-Up Mode:
The coil shall operate as in occupied mode.

COOLING COIL DX STAGED + VARIABLE CONTROL (MULTIPLE
COMPRESSORS)
When in Occupied Mode:
The variable compressor shall modulate in coordination with the constant speed
compressor(s) (subject to the unit manufacturer's standard safeties) to maintain the
supply air temperature setpoint (SAT).

When in Heating Mode:
The coil shall be OFF.

The variable compressor represents the primary stage of cooling and shall vary
continuously between minimum capacity and 100% capacity to maintain the supply
air set point temperature.  When the supply air temperature setpoint cannot be
maintained and the variable compressor is at 100%, then the constant speed
compressor shall be energized and the variable compressor shall return to minimum
speed and modulate to maintain the supply air setpoint.  Units with subsequent
stages of cooling shall follow a similar loading and unloading logic.

When in Unoccupied Mode:
The compressor(s) shall be OFF.

On a call for cooling or override signal from the zone level the compressor(s)
shall operate as in occupied mode until the call is cleared or the override is
removed.

When in Morning Cool-Down Mode:
The compressor(s) shall operate as in occupied mode.

NONE
 PACKAGED ROOFTOP UNIT - MULTI-ZONE VAV1

GLOBAL VALUES
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A. REFRIGERANT PIPING AND INSULATION

Copper Tubing: ASTM B280, Type ACR, hard-drawn straight lengths, and soft-annealed coils, seamless copper tubing. Tubing
shall be factory cleaned, ready for installation, and have ends capped to protect cleanliness of pipe interiors prior to shipping.

Refrigerant Line Kits:  Soft-annealed  copper tubing with pipe diameters as recommended by the manufacturer and of length as
required for the installation.  Tubing shall be factory or field insulated with flexible unicellular insulation with thickness as specified
below.

Fittings: wrought-copper fittings: ANSI B16.22, streamlined pattern.

Solder filler metals:  ASTM B32, 95-5 Tin-Antimony.

Brazing filler metals:
1. AWS A5.8, Classification BAg-5:  Silver (Ag) 44.0-46.0 percent, Zinc (Z) 23.0-27.0 percent, and Copper (Cu) 29.0-31.0

percent.
2. AWS A5.8, Classification BCuP-5: Phosphorus (P) 4.8-5.2 percent, Silver (Ag) 14.5-15.5 percent, and Copper (Cu)

remainder.

Braze mechanical joints.  Solder joints connecting to refrigerant valves and specialties.  Continuously purge the pipe and fittings
during brazing with an inert gas per manufacturer's recommendation (e.g., dry nitrogen) to prevent formation of scale.  Maintain
purge until the joint is cool to the touch.  Provide temporary cap or cover on completed joints with open ends to prevent entry of
contaminating materials.

Insulate refrigerant lines with flexible elastomeric insulation, Armeflex or equal.  Insulate suction and liquid lines between the
expansion valve, evaporator, and compressor with 1/2 inch thick insulation on pipes less than 1 inch in size and 1 inch thick for
pipes 1 inch and larger.  Insulate hot gas and liquid lines between the compressor condenser, and expansion valve with 1 inch
thick insulation on pipes less than 1-1/2 inch and 1-1/2 inch thick for pipes 1-1/2 inch and larger.  Piping insulation shall have a
flame spread of 25 or less, and a smoke developed rating of 50 or less when tested in accordance with ASTM E84. Coat
insulation that is exposed to the elements with a protective sealer. Install and support piping to keep noise and vibration to a
minimum. Support and secure piping to Unistrut type supports so that no vibration passes to the building structure. Pipe
attachments shall be copper-plated or have nonmetallic coating for electrolytic protection where attachments are in direct contact
with copper tubing. Install a support within one foot of each change of direction. Mount pipe hangers around the outside of the
insulation with saddles to prevent hangers from rupturing the insulation. Replace insulation that is cut or broken by the hangers.

Run refrigerant lines parallel and perpendicular to wall and floor lines and to appear straight and in good order. Pitch suction lines
down slightly (1 inch in 20 feet) towards the compressor. Provide oil traps at the base of vertical suction risers over 6 feet high.
Install liquid line sight glasses in liquid lines nearest the expansion valve. Factory mount expansion valves with the sensing bulbs
shipped loose. Field mount expansion valve bulb after refrigerant piping is complete (damage may occur if bulbs come in contact
with heat).

For systems of 5 ton capacity and smaller, the contractor shall have the option to provide copper refrigerant tubing line set sized
as recommended by equipment manufacturer and of length as required for the installation.  Provide quick-connect flare tubing
compression fittings, solder connections, or brazed connections as recommended by the manufacturer to match the connections
of the condensing unit and evaporator coil.

B. SYSTEM EVACUATION AND CHARGING

Blow out refrigeration lines with dry nitrogen at a suitable pressure before making final connection at the condensing unit or coil to
ensure against dirt, scale, or other foreign material being in the lines. Draw a vacuum to 29 inches of mercury. Break this vacuum
by charging dry refrigerant gas into the system, raising the pressure to 0 PSIG. Repeat the latter two steps for a triple evacuation
before the final evacuation is started. Make final evacuation by reducing the system absolute pressure to a maximum of 0.5
millimeters (500 microns) and allowing the pump to run at this pressure for a minimum of two hours.

Repeat the proper amount of refrigerant charge per the manufacturer's recommendations. Record the amount of refrigerant by
weight charged into the system for each circuit recorded to the nearest 1/4 pound on tags and attach tags to the liquid line near
the condensing unit. Refrigerant shall be supplied by the HVAC Contractor.

C. GAS PIPING

Material - Natural Gas Above Slab:  Gas piping above ground shall be Schedule 40 black steel with malleable iron screwed
fittings for 2” and smaller and Class 150 welded fittings for 2-1/2” and larger.

Installation - Natural Gas:  Pitch natural gas piping and provide accessible dirt legs at the low points. Take branch pipes off the
top or sides of main pipes to prevent accumulation of water in the branches. Install gas piping valves and unions only in
accessible locations. Do not install gas pipe below the base slab.

Supports on Roof:  Support piping on roof with pre-engineered roof pipe supports manufactured by Airtec, ASC Engineered
Solutions, Cooper B-line, Elite Components, Erico, Ferguson/FNW, Miro, PHP Systems, PHD Manufacturing, Roof Top Blox,
Unistrut or Zsi Foster:  4 inch x 4 inch x 12 inch long closed cell polyethylene blocks with embedded pre-engineered support strut
or pre-engineered support struts with factory plastic bases. Two piece straps shall be captivated at the shoulder when attachment
nut is tightened and designed for use with strut system. All nuts, brackets and clamps shall have the same finish as the channels.
Support pipe with spacing as described above at a minimum 7 inches above the roof. Set supports on 18 inch x 18 inch x 3/16
inch thick roof walkway material compatible with actual roof material.

Gas Cocks, Ball Type 1/2” to 2”:  Rated to 600psi WOG, full port brass body with chrome-plated brass ball, TFE seats, threaded
ends and UL listed for natural gas service by Apollo #77F-XX-01, Hammond Valve # 8901, Milwaukee Valve # BA-475B,  or
Nibco # T-FP 600A.

Unions:  Ferrous unions shall be Crane or equal, combination iron and brass, ground joint with screwed ends. Copper unions
shall be streamline or equal, cast bronze sweat type with ground joint. Ferrous to copper unions shall be universal controls or
equal, dielectric type with threaded nylon insert.
2. TEMPERATURE CONTROLS

A. GENERAL REQUIREMENTS

Provide a complete temperature control system including control panels, controllers, control power transformers, thermostats,
sensors, time switches, override timers, actuators, relays, and wiring as required to control the systems as specified on the
drawings.

Submit shop drawings of equipment provided for temperature control. Submit operation and maintenance data, including
trouble-shooting maintenance guide, step-by-step procedures indexed for each controller and thermostat function, inspection
period, cleaning methods and materials, and calibration tolerances.

Provide integrated wiring diagrams showing interconnections between field-installed equipment and package wiring furnished with
the HVAC equipment. Control wiring shall be sized to accommodate the voltage drop associated with the distance between the
control device and the controller.

Provide supervision and on-job checkout service as required to ensure that installation and operation of the temperature control
system meets requirements of the drawings, specifications, and sequences of operation. The system shall be guaranteed for a
period of one year following the acceptance of the system by the Architect/Engineer. Correct defects occurring during this period
at no additional cost to the Owner.

Install control devices with top of device at 48 inches AFF to meet ADA requirements unless otherwise noted on the plans.

B. BUILDING AUTOMATION CONTROL EQUIPMENT

The existing building control system for Liberty Support Services and Liberty Administration building is a Trane Building
Automation System. Liberty School District also utilizes a District wide Trane Tracer Ensemble control system.  Projects at these
locations shall include Trane building controls and integration to the Trane Tracer Ensemble District wide controls system.

Please contact Dan Ketelle at 913-207-0220 or Dan Moresi at 913-403-6962.

Integrate all new equipment specified on this project with the existing control system.  Integration of equipment shall provide
network communication and visibility of points specified by the sequence of operations, and points lists.  Provide additional
controllers, wiring, and programming as required.  Diagnose, troubleshoot, and repair existing communication and control issues
on existing equipment being reused to ensure the sequences of operations are met.  Incorporate all new and existing equipment
being reused into the existing building automation system (BAS) graphical interface.  Graphics shall identify locations of all
existing and new equipment in relation to building floor plan, equipment status, and user adjustable setpoints from the graphics
screen.

Provide BACnet Testing Laboratory (BTL) certified controllers conforming to the advanced application controller (B-AAC) device
profile or application specific controller (B-ASC) device profile to facilitate the sequences of operation specified.

Controllers shall have the following features:  Microprocessor with sufficient memory to support the controller's operating system,
database, and programming requirements; real-time clock for scheduling; self-diagnostics; capability of standalone operation if
network communication is lost; logging capability; service communication port for local connection to a portable operator's
terminal; local keypad and display for interrogating and editing controller data; diagnostic LEDs for power, communication and
processor; non-volatile memory which is capable of maintaining all BIOS and programming information for a minimum of 72
hours; power and noise immunity; and surge and transient protection.  Provide a keyed security cover over controller.

Controller software shall support the following applications:  System security restricting modification without password; object
scheduling with daily, weekly, annual, holiday, and exception events; alarm reporting via text message or email and logging;
maintenance management; sequencing; PID control characteristics; staggered starting of equipment; anti-short cycling; on-off
control with differential; trending; run-time, pulse, and event totalization;

Provide password protected web-based or web-accessible interface to the network over the Internet via the Owner's local area
network (LAN) connection.  Interface shall include system graphics, text-based parameter display, and be compatible with
standard web browsers.  Interface shall grant the user access to all system data and the ability to view alarms, adjust setpoints,
monitor equipment status, adjust schedules, and trend data points.

Provide an independent, standalone controller that provides centralized local interface to the network.  Interface shall include
system graphics and text-based parameter display.  Interface shall grant the user access to all system data and the ability to view
alarms, adjust setpoints, monitor equipment status, adjust schedules, and trend data points.

Provide control panels listed according to UL 508A and NEMA rated according to its installation location.  Provide common keying
for all panels.

C. THERMOSTAT CONTROL EQUIPMENT

Provide thermostat control equipment with sufficient communication, programming, input and output connections, and modulating
or staging capability to meet the sequence of operations.  Provide thermostats with the features as indicated:

1. LCD or LED display screen.
2. Button or touchscreen interface.
3. Display temperature.
4. Display temperature setpoint.
5. Adjust temperature setpoint.
6. Limit temperature setpoint adjustment within plus or minus 3 degrees F.
7. Display operating mode.
8. Adjust operating mode.
9. Adjust schedule, minimum seven day occupied/unoccupied.
10. Security lockout.
11. Security cover.
12. At contractor's option where multiple sensors are shown, the sensors may be provided with the thermostat in a single

device.

Provide programmable thermostats that shall control packaged equipment by the packaged equipment manufacturer or
Honeywell, Johnson Controls, Trane, or equal.

Provide non-programmable thermostats for on/off operation by the equipment manufacturer or Honeywell, Johnson Controls,
Trane, or equal.

D. SENSORS AND RELAYS

Manufacturers and model numbers are listed for reference as to quality and features required for the sensors and relays.  Provide
general-purpose type sensing elements for use in input and output sensors. Provide transmitters or transducers with sensor as
required, compatible with the controllers used, with range suitable for the systems encountered. Transmitters and transducers
shall have offset and span adjustments, temperature compensation, shock and vibration immunity, and zeroing capability.
Accuracy requirements shall include the combined effects of linearity, hysteresis, repeatability, and the transmitter.

Provide sensors that meet the following minimum performance:
1. Dry-bulb temperature sensors at a minimum shall be accurate to +/- 2 degrees Fahrenheit over the range of 40 to 80

degrees Fahrenheit.
2. Wet-bulb temperature shall be calculated using dry-bulb temperature and humidity and shall be accurate to +/- 2 degrees

Fahrenheit.
3. Enthalpy shall be calculated using dry-bulb temperature and humidity and shall be accurate to +/- 3 BTU/lb over the range

of 20 to 36 BTU/lb.
4. Humidity sensors at a minimum shall be accurate within +/- 3 percent full range between 20 and 95 percent, with drift less

than 1 percent full scale per year.
5. Pressure transmitters at a minimum shall be accurate to +/- 1 percent full scale with drift less than 1 percent full scale per

year.
6. Carbon dioxide (CO2) sensors shall measure total percentage of CO2 in ppm.  Sensor shall have an accuracy of

plus/minus 75 ppm at a 600 and 1000 ppm concentration and certified by the manufacturer to require calibration no more
frequently than once every 5 years.

Provide remote sensors where indicated on the drawings and integrate them with the thermostat control equipment.  Remote
sensors shall have the following features:

1. Wired connection.
2. Wireless connection.
3. Temperature sensor.
4. Blank faceplate.

5. Temperature setpoint adjust button with plus/minus 3 degree setpoint.
6. Operating mode override button.
7. At contractor's option where multiple remote sensors are shown for a single unit, the sensors may be provided in a single

device.

E. WIRING

Provide electrical and control wiring as specified under the section “Electrical Wiring.”

3. SEQUENCE OF OPERATION

A. ROOFTOP UNIT CONTROL

Reference the Rooftop Unit Control Matrix for sequence of operations.

B. VAV BOX WITH REHEAT CONTROL

Upon a rise in space temperature above cooling setpoint the terminal unit primary damper shall modulate towards its maximum
cooling CFM. A drop in space temperature shall result in the unit primary damper modulating towards its minimum cooling CFM.
As the space temperature continues to fall, the unit shall modulate its primary cooling flow to its minimum CFM and [cycle stages
of electric heating coil][modulate hot water control valve] to maintain room setpoint temperature.

C. INTERLOCKS

Interlock HVAC equipment to reset temperature setpoint to 90°F in cooling, 55°F in heating when the operable wall or roof
openings to the outdoors is open for more than 5 minutes.

4. COMMISSIONING
Provide commissioning that verifies and documents the commissioned building systems have been designed, installed, and
function according to the owner's project requirements, construction documents, and to minimum code requirements.  Retain the
services of a third-party registered design professional or approved agency that is regularly engaged in conducting commissioning
to develop a commissioning plan, supporting documentation, and reports.  Refer to the latest adopted edition of the applicable
energy code for more information.  Complete all related commissioning requirements prior to final inspections.  Submit final TAB
report and final commissioning report to the Engineer and Owner within 90 days of the date of receipt of the certificate of
occupancy.

ASHRAE 90.1 Commissioning Requirements:  Test control systems to ensure the control elements are calibrated, adjusted, and
in proper working condition.  Commission systems according to ASHRAE Guideline 1.1 “HVAC&R Technical Requirements for
the Commissioning Process”, most current edition.

Commissioning plan shall include the following:

1. Narrative description of activities and personnel required during commissioning.
2. List of equipment and systems to be tested with description of tests to be performed.
3. List of functions to be tested, including calibration and economizer controls.
4. List of conditions under which the tests shall be performed.
5. List of measurable criteria for performance.

Submit a copy of the preliminary commissioning report to the AHJ.  Preliminary commissioning report shall include the following:

1. Results of preliminary functional performance tests.  Organize equipment and components specified by other Divisions in
separate sections for independent review.

2. List of functional performance testing procedures used during commissioning, including measurable criteria for test
acceptance.

3. Completed Commissioning Compliance Checklist.  Refer to energy code for the form.
4. Itemization of deficiencies found during testing that have not been corrected at the time of preliminary commissioning report

preparation.
5. List of deferred tests that cannot be performed at the time of preliminary commissioning report preparation because of

climatic conditions.
6. List of climatic conditions required for the performance of the deferred tests.

Final commissioning report shall include the following:

7. Results of final functional performance tests.  Organize equipment and components specified by other Divisions in separate
sections for independent review.

8. List of functional performance testing procedures used during commissioning, including measurable criteria for test
acceptance.

9. Itemization of resolved deficiencies found during preliminary commissioning.
10. List of deferred tests that cannot be performed at the time of final commissioning report preparation because of climatic

conditions.

Conduct functional performance tests on equipment, controls, and economizers.  Functional performance tests shall demonstrate
the following:

11. The operation, function, and maintenance serviceability for each commissioned equipment, component, and system is
confirmed according to the approved plans and specifications.

12. The sequence of operations, including modes, backup modes (if applicable), alarms, and mode of operation upon a loss of
power and restoration of power for each control device, equipment, component, and system.

13. Control devices, components, equipment, and systems are calibrated, adjusted, and operate in accordance with the
approved plans and specifications.

14. Air economizers operated in accordance with manufacturer's specifications and specified sequence of operation.

5. ALTERNATES

A. DESCRIPTION

Refer to the architectural portion of the specification for list of alternates. Applicable sections of the base specifications shall apply
to all work required by the alternate unless otherwise specified. Determine whether or not and how each alternate affects work.
Include labor, materials, equipment, and transportation services necessary for and incidental to the completion of work under
each particular alternate. Furnish separate bid for each alternate applicable to work, stating the amount to be added or deducted
from the base bid.

END OF SECTION 23
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