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SECTION 23 08 11
MECHANICAL EQUIPMENT — EQUIPMENT STARTING AND TESTING
PART 1 - GENERAL
1.01 WORK INCLUDED

A. Check, start and test each piece of mechanical equipment. Verify that the equipment has
been properly installed and is operating at a level that meets the specified requirements.

1.02 RELATED DOCUMENTS

A. Section 23 05 01 - General Mechanical Provisions

B. Section 23 08 01 - General Mechanical Starting and Testing Requirements
C. Section 23 08 21 - Mechanical Systems Starting and Testing

D. Section 23 09 00 - Mechanical Systems Balancing

1.03 FACTORY TRAINED REPRESENTATIVES

A. Use factory trained representatives and submit manufacturer’s check sheets for starting
the following specialty equipment:

Chillers

Cooling towers

Variable speed drives

Building Management System
Chemical cleaning and treatment
Boilers

oukrwhpE

B. Use manufacturer’s factory trained personnel where required to maintain manufacturer’s
warranties.

1.04 FIELD REPORTS

A. Submit field reports documenting the starting and testing procedures performed,
observations and tests results obtained.

B. Submit field reports in accordance with Section 23 05 01 - Mechanical General
Provisions.
PART 2 — PRODUCTS

NOT USED.

PART 3 — EXECUTION
3.01 FLUID HANDLING EQUIPMENT
A. Pumps:

1. Pre-Starting:
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a. Compare specified and shop drawing data to installed data, including:

1) Make/model/size
(2) Impeller size

3) Seal type

4) Lubrication fittings

(5) Motor size, speed, efficiency, and voltage
(6) Flow gallons per minute (gallons per minute)
@) Head feet of water column (feet water column)
b. Ensure pump installation is as specified and as per manufacturer’s

recommendations. Fill out manufacturer’'s check sheet including:

(1) Pump is level.

(2) Isolation valves, strainers, check valves are installed properly.
3) Pump suction has sufficient length of straight run.

4 Air is completely bled off piping system.

(5) Expansion tank is charged and on-line.

(6) Ensure strainers have screens in place and are clean.

@) Ensure electrical connections are properly made.

(8) Ensure nameplate is readily visible.

(9) Check clearance space adequately permits removal or servicing.

(20) Check voltage to pump motor.

C. Ensure chemical cleaning of piping system is completed.

d. Check and adjust oil levels bearing lubrication.
2. Starting:

a. Start pumps as per manufacturer's recommendations.

b. Ensure impeller and motor are rotating in the correct direction.
3. Post Starting:

a. Check chemical treatment status.

b. Run-in pumps for minimum 12 continuous hours.

C. Ensure flows through parallel pumps are equally balanced.

d. Record motor power consumption.

e. Ensure mechanical seals do not leak. Ensure packing gland type seals

are wetted.

f. Calculate overall pump efficiency.
g. Calculate/check net positive suction head.
h. Verify the motor has sufficient airflow around to allow cooling.
i. Plot operating point at time of starting on pump curve.
4. Pre-Interim Acceptance:
S-Chons s aonles

a. Clean strainers.

B. Heat Exchangers:
1. Pre-Starting:
a. Compare specified and shop drawing data to the installed data including:

Q) Make/model/size

10/15/08 PKG 3 BID SET = MECHANICAL EQUIPMENT — STARTING & TESTING COWPERWOOD
392-504 FLACK + KURTZ 230811-2 BATTELLE



(2 Nameplate heat output/input
3) Nameplate flows

(4) Cooling media

(5) Cooled media

(6) Pressure rating — nameplate
@) Clearances:
€) Plate removal

(b) Flanged inlet/outlet
(8) Piping connections:
(@) PRVs — piped to drain
(b) Inlet/outlet sizes — cooling medium

(©) Inlet/outlet sizes — cooled medium

9) Labels — ASME, UL, OSHA
(10)  Vacuum breaker on connection to water supply

b. Visually check for the following:

Q) Piping completed.

(2) System cleaning executed.
3) Circulating pump starting completed.
4) Cooling pumps starting completed.
(5) Unit clean of foreign matter — remove heads as required.
(6) Control valve in operation.
@) Insulation complete.
2. Starting: Not applicable.
3. Post-Starting:
a. Check/calculate the following:
1) Inlet/outlet flow rates
(2 Inlet/outlet temperatures
3) Inlet/outlet pressure
b. Ensure sufficient load on system and that cooling medium is at design

temperatures as follows:

(1) Cooling medium flow and temperature drop
(2) Cooled medium flow and temperature drop
) Calculate heat transfer from cooling medium
4 Calculate heat transfer from cooled medium

C. Simulate cooling water schedule and repeat above items.

d. Pre-Interim Acceptance: Not applicable.

C. Closed Circuit Cooling Towers:
1. Pre-Starting:
a. Compare specified and shop drawing data to the installed data including:

(1) Make/model/size
(2) Fan motor size, efficiency and speed options, electrical
consumption
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3) Accessaories including access ladder

4) Control sequences
(5) Construction
b. Prior to starting, perform the following:
Q) Clean entire unit and wash down basins.
(2 Ensure all accessories are properly installed.
) Check motor at all stages of capacity overloads on all 3 leads.
4) Lubricate motor bearings and check motor insulation.
(5) Check fan for freely rotating wheel and for blade tip clearance.
(6) Check water make-up float and level controls.
@) Check for clearance of airflow and service.
(8) Check oil level in gear reducer.
(9) Check for isolation and structural support.

(10) Ensure chemical treatment is properly working.
(11) Ensure water meters are properly working.
(12) Verify water level in multiple cell cooling towers are equalized.

2. Starting:
a. Start as per the manufacturer’'s recommendations.
b. Fill out manufacturer’s check sheets.
C. Post-Starting:

() Check fan is rotating in correct direction.

(2 Check water level.

3) Check for chemical treatment levels.

(4) With unit running on low speed and on high speed, provide
radiated acoustical measurements on both faces, space directly
beneath unit, and from 50 feet away on all four sides.

d. Pre-Interim Acceptance:
(1) Check tower for proper basin water level.
(2) Check and document chemical treatment level.
D. Chillers:
1. Pre-Starting:
a. Compare specified and shop drawing data to the installed data including:

(1) Make/model/size

(2) Capacity of cooling

3) Chilled water: flow, pressure drop, temperature

(4) Condenser water: flow, pressure drop, temperature

(5) Tube fouling factors

(6) Refrigerant

@) Motor size, voltage, and full load amperes

b. After installation check the following:

(1) No physical damage to chiller or insulation has occurred during
construction.

(2) Chiller is level.

3) Vibration isolators and seismic restraints are properly installed.

4) Water connections allow dismantling and tube servicing.

(5) Vibration isolation on water piping installed.
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(6) Oil levels are as per manufacturer's recommendations.

@) Refrigerant charge is sufficient and leak tested.
(8) Shipping skids/blocks/straps are removed.
(9 Adequate space for servicing.

(10) Chiller has adequate ventilation.

(11) Chiller relief piping is properly vented to outside per code.
(12)  Water piping completed and cleaned.

(13) Thermometers, pressure gauges installed.

(14) Control systems complete:

€)) Temperature sensors placed in proper locations.
(b) Flow switch installed.

(15) Pumps completed starting procedure.
(16) Electrical wiring completed and approved.
a7) Motor overloads installed.

(18) Oil cooler piping installed and insulated.

C. Obtain from manufacturer, the following:
Q) Correction tables for varying condenser water temperatures
(2 Correction tables for varying chilled water temperatures
3) Check sheets
d. Starting of chillers shall be performed by manufacturer using factory-
trained personnel.
2. Starting:
a. Start as per manufacturer’s instructions.
b. Fill out starting sheets and attach copy with reports.
3. Post-Starting:
a. Run-in chiller as per manufacturer's recommendations.
b. Measure the following items under 25, 50 and 75 percent part load and
maximum load conditions:
Q) Condenser water temperature in/out
(2 Chilled water temperature in/out
C. Check deflection of isolators on start-up and shutdown.
d. Report any condensation due to lack of insulation.
e. Pre-Interim Acceptance:
1) Check refrigerant change
(2) Check oil levels
E. Miscellaneous Fluid Handling Equipment:
1. Confirm all gauges and thermometers can be read from the floor level and they
are installed as per manufacturer's recommendations.
2. Verify the following equipment is installed and calibrated as per manufacturer’s

recommendations. Fill out manufacturer’s start-up sheets:

a.
b.
c.
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d.
e.

Check valves
Balancing valves

3.02 AIR HANDLING EQUIPMENT

A. Air Handling Units:
1. Pre-Starting:

a. Compare specified and shop drawings data to installed data including:
(2) Make/model/size
(2) Fan wheel size
3) Nameplate flow, static pressure
4) Motor size, speed, efficiency, type, and voltage
(5) Heating coil, cooling coil
(6) Humidifier
@) Mixing baffles
(8) Return, exhaust and outside air motorized dampers, operation

and size
(9) Filters
(20) Vibration isolation, flexible connections and seismic restraints
(internal and external)
(11) Special features — access doors, liners, inlet vanes, labels
(12) Ensure variable speed drive is operational
(13) Ensure silencers are installed

b. Lubricate bearings on fans as per manufacturer's recommendations.
Ensure fan wheel rotates smoothly without binding. Adjust belts to proper
alignment and tension.

C. Vacuum out air system plenums and ductwork.

d. Ensure temporary filters are installed. Under no circumstances run
systems without filters installed.

e. Ensure all balancing and fire/smoke dampers are open and ductwork is
complete. For VAV systems, ensure that at least 60 percent of terminal
units are open.

f. Ensure minimum position specified for terminal units are properly set.

g. Ensure all coils are in operation.

h. On parallel fan systems, ensure backdraft dampers are installed.

i. Ensure electrical connections are completed and system disconnects are
within visual access of unit.

J- Ensure controls are operational.

k. Ensure inlet and discharge duct geometry are properly installed.

2. Starting:
a. Follow manufacturer's recommendations.
b. Check fan and motor for correct rotation.
3. Post-Starting:

a. Check vibration isolation and seismic restraints.

b. Check radiated and discharge acoustics at design conditions.

C. Run for one hour and check filters, coils, and humidifier bypass. Seal as
required.

d. Determine fan speed, airflow rates, static pressure and record on fan
curve.

e. Effectiveness of mixing chamber. Measure temperature profile. Adjust

10/15/08 PKG 3 BID SET
392-504 FLACK + KURTZ

mixing baffles.

MECHANICAL EQUIPMENT — STARTING & TESTING COWPERWOOD

230811-6 BATTELLE



Balance water flow across humidifier and ensure water treatment is
operational.

4. Pre-Interim Acceptance:
a. Replace temporary filters with permanent filters.
b. Vacuum heating coil and cooling coil.
C. Re-lubricate all bearings.
d. Perform acoustical measurements of discharge plus radiated levels at

operating conditions after entire system is operational.

e. Check belt for tension and wear.
B. Fans:
1. Pre-Starting:
a. Check the specified data and the shop drawing data against the installed
data including:
1) Make/model/size
(2) Fan wheel size
3) Nameplate airflow, static pressure
4 Motor size, speed, and efficiency
(5) Backdraft dampers
(6) Accessories
(7) Special features
b. Lubricate bearings on fans as per manufacturer's recommendations.
Ensure wheels rotate freely without binding.
C. Ensure ductwork and fan casing is free of dirt or foreign material.
d. Ensure electrical connections are properly made and fan disconnects are
properly located.
e. Ensure inlet and discharge duct geometry is properly installed.
2. Starting:
a. Follow manufacturer's recommendations.
b. Check fan and motor for correct rotation.
3. Post-Starting:
a. Check isolation and flexible connections.
b. Check radiated and discharge sound power levels.
C. Determine speed, airflow rates, static pressure and record on fan curve.
d. Pre-Interim Acceptance:
(1) Re-lubricate all bearings.
(2) Perform measurements of discharge, inlet and radiated sound
power levels after entire system is balanced and adjusted.
C. VAV Terminal Units:
1. Pre-Starting:
a. Compare specified and shop drawing data to installed data including the
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(2 Maximum airflow (cfm)

3 Minimum airflow (cfm)
(4) Direct or reverse acting controls
b. Check the following:

Q) Inlet duct connection:
€) Must have 4 duct diameters to box inlet.
(b) Must not have more than 12 inches flexible duct.
(©) Must not have flow straightening vanes.

(2) Access to controls

3) Completeness of control documents

(4) Silencer/acoustic duct

(5) Exterior casing or controls are not damaged

(6) Support

2. Starting:
a. Follow manufacturer’s starting procedures.
3. Post-Starting:
a. Measure airflow and inlet static at full flow.
b. Set maximum airflows.
C. Set minimum airflows.
d. Determine minimum static pressure necessary to provide design airflow.
e. Measure radiated sound power levels at 2 inches inlet static.
f. Measure discharge sound power levels at 10 feet downstream.
g. Check damper stroke over full range, minimum to maximum.
h. Measure inlet air temperature.
4, Pre-Interim Acceptance: Not applicable.
D. Miscellaneous Air Handling Devices:
1. Motorized Dampers:
a. Compare specified and shop drawing data to installed data including:
Q) Make/model
2 Size — minimum, maximum
3 Operator
b. Review the installation to ensure:
Q) No cracks around damper frame
(2) Blades close and seals engage completely
3 Damper strokes fully open to fully closed
4) Suitable access and identification
2. Gravity/Barometric Dampers:
a. Compare specified and shop drawing data to installed data including:

(1) Make/model
(2) Size
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3) Throat and hood size
4) Blade construction
(5) Blade seals

b. Review the installations to ensure:
Q) Damper fully closes — adjust weights
(2 No cracks or air leakage around frame
3. Air Outlets:
a. Compare specified and shop drawing data; to installed data including:

Q) Make/model
2 Throat size

3) Accessories
4) Construction

b. Review the installation to ensure:
1) Air outlet is clean.
(2) Air outlet is centered in space within the constraints of room

layout.

C. Balance air outlet to specified value.

d. Take acoustical measurement on each outlet at specified airflows and
compare to published data.

4, Fire Dampers:

a. Review the installations to ensure:
(1) UL label is visible.
(2) Track is clean of construction debris and dirt.
3) Access for re-setting linkages.
4) Installation is level.
(5) Blades are out of air stream.
(6) Temperature rating of fusible links.
@) Check installation including wall angles, clearance between

sleeve and wall (3/8-inch).

b. Test each fire damper to ensure that the blades fall smoothly and do not

bind. Replace linkages.
5. Balancing Dampers:

a. Check installation to ensure:
(1) Damper can open and close fully.
(2) Access is clearly marked.
3) Damper is not located in a turbulent air stream.

3.03 MISCELLANEOUS EQUIPMENT

A. Variable Speed Drive Units:
1. These starting procedures shall only be performed by qualified and factory trained
technicians.
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2. Visually inspect for the following items prior to commencing manufacturer’s
recommended starting procedures:

a. Voltage of unit and motor are same.
b. Transformer is properly installed.
C. Unit has UL labels.
B. Tanks:
1. Pre-Starting:
a. Check the specified and shop drawing data against the installed data
including:
1) Make/model/size/volume
(2) Pressure rating
3) Labels ASME
b. Visually inspect to ensure no damage to:
(1) Access ports/manholes
(2) Piping sizes — inlet/outlet are correct
3) Lining is intact and not damaged
4) Piping is accessible to tank removal
C. Ensure adequate access to manholes.
2. Starting: Not applicable.
3. Post-Starting:
a. Verify operation of:
(1) Drain line
(2) Make-up line if applicable
3) Gauge glass
4) Diaphragm if applicable
4, Pre-Interim Acceptable: Not applicable.
C. Chilled Water Computer Room Air Conditioning Units:
1. Pre-Starting:

a. Compare specified and shop drawing data to installed data including:

(1) Make/model/size

(2) Electrical characteristics
3) Cooling output
4) Accessories: temperature controller, filters, leak detection,

condensate pump
(5) Chilled water flow
(6) Airflow, external static pressure
@) Discharge air temperature: dry bulb/wet bulb
(8) Entering air temperature: dry bulb/wet bulb

b. After installation, check the following:

(2) Drain pan and drain line installed correctly.
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(2 Unit is level and seismically restrained.

3) Internal isolators installed.
(4) Chilled water complete.
(5) Bearings greased.
(6) Filters installed and are clean.
2. Starting:
a. Start unit as per manufacturer's recommendations.
b. Fill out manufacturer’s check sheets.
C. Post-Starting:
1) Verify the following:
(a) Airflow
(b) Static pressure
(c) Entering dry bulb/wet bulb
(d) Leaving dry bulb/wet bulb
(e Entering water temperature
() Leaving water temperature
(9) Water flow rates
(h) Perform acoustical measurements.
d. Pre-Interim Acceptance:

(2) Change filters.

END OF SECTION
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SECTION 23 08 21

MECHANICAL SYSTEMS STARTING AND TESTING

PART 1 - GENERAL

1.01 WORK INCLUDED

A.

Check, start and test each system, verify that each system is operational and will operate to
meet the specified operating criteria.

1.02 RELATED DOCUMENTS

Section 23 05 01 - Mechanical General Provisions
Section 23 05 93 - Mechanical Systems Balancing
Section 23 08 01 - General Mechanical Starting and Testing Requirements

Section 23 08 11 - Mechanical Equipment Starting and Testing

PART 2 — PRODUCTS

NOT USED.

PART 3 — EXECUTION

3.01 HYDRONIC SYSTEM

A.

H.

Ensure piping in system is completed prior to performing cleaning, testing and starting
operations.

Ensure all valves are accessible.

Ensure all major pieces of equipment are serviceable and complete with unions, isolating
valves, etc.

Test piping as follows:

1. Cooling water — 1.5 times maximum working pressure or 150 pounds per square
inch.

During system full operational tests, check and document linear expansion at elbows,
U-bends, expansion joints and offsets to ensure adequate clearance.

Provide detailed written report defining outline of the entire proposed chemical cleaning
procedure at least two weeks prior to cleaning including times, system status, problems
encountered and the condition of the water. Procedure shall be approved by Architect prior
to commencement of cleaning process.

Perform a complete water analysis of all water being used prior to commencing operation.
Include copy in report defined in 3.01.F. above. Ensure water being used will not damage
systems being tested.

Use water meter and record to +% percent the volume of water in each system for each fill
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cycle. The cleaning solution for chilled water systems shall be the following mass of
chemicals per 400 gallons of water in the system:

Tri Sodium Phosphate 1 pound
Sodium Carbonate 1 pound
Low Foaming Detergent 0.02 pounds

I Ensure system is free from construction debris, dirt and other foreign material.

J. Remove, inspect and replace strainers on all systems prior to initial fill. Provide temporary
strainers on pumps that do not have permanent strainers. Provide pressure circulating
gauges on the strainers to detect plugging. Remove, clean and replace the strainers after the
cleaning process is complete.

K. Ensure all control valves are operational and fully open to ensure terminal units can be
properly cleaned.

L. System pumps may be used for cleaning provided a new set of seals is installed and pumps
are dismantled and inspected. Replace worn parts, install new gaskets and turn over used
seals.

M. The system shall be completely operational, all safety devices functional and any hydraulic

tests completed before cleaning.
N. Add chemical solution to system. For steam boilers fill boilers only with cleaner.

0. For water or glycol systems, establish circulation and apply heat to raise temperature slowly
to maximum design temperature of system or 180 degrees F minimum. Circulate for
12 hours and ensure flow in all circuits. Remove heat and continue to circulate while the
temperature is 100 degrees F or less. Drain system as quickly as possible. Refill with clean
water; circulate for 6 hours at design temperature. Drain and repeat procedures defined
above. Refill with clean water and add sodium sulfite. Test for residual sulfite.

P. For chilled water or glycol systems circulate cleaning solution for 24 hours at maximum
velocity at ambient temperature ensuring flow in all circuits. Drain as quickly as possible.
Refill with clean water; circulate for 24 hours, drain. Refill with clean water and add sodium
sulfite. Test for residual sulfite.

Q. For steam systems fill to normal operating level with cleaning solution. Apply heat slowly and
raise steam pressure to normal operating pressure. Hold pressure for four hours. Remove
heat and allow to sit for 15 minutes. Blow out all boiler connections for 5-10 seconds. Refill
boiler with clean water, apply heat and raise pressure. Hold pressure for one hour, remove
heat, settle for 15 minutes, blow out all connections, refill. Repeat this 75-minute procedure
three times. Allow boiler to cool, drain, open inspection ports and wash out with clean water.
If boiler is not to be used immediately, refill with softened water, add sodium sulfite, bring up
to pressure. Test for residual sulfite.

R. For cooling tower systems, fill with clean water; circulate for one hour minimum at maximum
flow. Drain and clean basin and screens. Refill, add chemicals and circulate. Test for
residual chemicals.

S. When cleaning is completed and system filled, establish circulation, expansion tank level and
set pressure control.

T. For steam systems, drain steam condensate until it is clean and free of suspended matter.
u. On glycol systems, flush entire system with clean water before adding glycol solution. Test

and establish circulating and pressure control. Test that the solution is freeze-proof to
0 degrees F. Use only pre-mixed glycol specified in Section 22 21 01 - Hydronic System
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Specialties.

Check to ensure all insulation is properly installed. Do not proceed with installation until all
tests are completed to the satisfaction of the Architect.

Submit with report certificate of compliance with specifications of cleaning component
supplier.

For heating systems perform the following tests:

1.
2.

9.

10.

Check pressure bypass operation.
Record system pressures, system temperatures, and system fluctuations by
simulating maximum and minimum design conditions and varying:

Pump operation (e.g., P-1, P-2, P-1 and P-2)

Boiler operation

Pressure bypass open/closed

Control pressure failure

Maximum heating demand

Maximum cooling demand

Boiler failure (in multiple boiler systems)

Outdoor reset. Re-check heat exchangers output at 100 percent reset,
50 percent reset, maximum water temperature.

i. Flow failure

Se~ooooTw

Verify expansion tank levels from cold (60 degrees F) water temperature to
maximum (210 degrees F) operating temperature.

Check make-up operation on system by simulating blowdown and leak, and adjust
PRV on water make-up. Ensure backflow preventer is installed and properly
working.

Record pressure drops across control valves.

Set 3-way valves as per manufacturer’s data.

Check for sequencing of multiple boiler operations:

B-1 off
B-1 low
B-1 high
B-2 off
B-2 low
B-2 high

~Poo0oTw

Perform static pressure measurements and products of combustion analysis of boiler
space to determine carbon monoxide, carbon dioxide and oxygen levels in room
with:

a. All gas fired appliances firing full
b. No gas fired appliances firing

Check high points in piping system for flow.
Check for water noise.

3.02 DOMESTIC WATER SYSTEM

A.

Ensure piping in system is completed prior to performing flushing, testing and starting
operations.

Ensure booster pumps are properly started. Ensure all air chambers and expansion
compensators are properly installed.
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C. Test to 150 pounds per square inch water pressure measured at system low point.

D. Flush entire system for eight hours. Ensure full two hours of flushing through each outlet. Let
stand for 24 hours and draw one sample off longest run. Submit to testing laboratory to verify
system is clean. Let system flush for two more hours and draw off sample for testing.

E. Shock treat entire system with liquid sodium hypochlorite to 5 percent concentration at end of
line. Hold for 24 hours and flush systems for additional one hour.

3.03 DUCTED SYSTEMS
A. Power vacuum all ducts 36 inches and larger.

B. Ensure exhaust, supply and return fans are all operational, and proper starting procedures
completed and executed as defined in Section 23 08 11.

C. Blow air through ductwork at 2 inches water gauge above system operating pressures to
clean ducts and air outlets. Use system balancing dampers to assist in creating sufficient
velocities.

D. Test ductwork as follows:

1. Low pressure — test for tightness such that leakage is inaudible and not detectable
by feel.
2. Medium and high pressure — test for tightness as specified by SMACNA manuals

with maximum leakage of % percent at any branch or main duct at design static
pressure. Ensure system is free of audible leaks.

3. High pressure fume extraction — test for leakage of 0 percent at 3 inches water
gauge static pressure on discharge side of fans and %2 percent leakage at 3 inches
water gauge on suction side of fan.
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3.04

3.05

4, Dust extraction — test for maximum leakage at %2 percent at 3 inches water gauge
static pressure.

5. Kitchen exhaust ducts — test as defined in NFPA 96.

6. Low-pressure fume extraction — test for leakage of 2 percent at 3 inches water
gauge on suction side of fan and 0 percent leakage at 3 inches water gauge on
discharge side of fan.

PLUMBING DRAINAGE SYSTEMS (Sanitary, Chemical Waste and Storm)

A. Test by filling with water to produce water pressure of 5 pounds per square inch minimum
and 10 pounds per square inch maximum.

B. For buried systems perform all tests prior to backfilling. Retest for proper grade and
obstruction with hydraulic test.

C. Ensure all traps are fully primed.

D. Ensure all fixtures are properly anchored and connected to the system.

E. Flush each valve, drain each sink and operate each fixture to ensure drainage.

F. Open each cleanout, cover with linseed oil and reseal each cleanout. Ensure each cleanout

is fully accessible and access doors are properly installed.

G. Ensure roof drain metal domes are installed. Ensure storm piping is free of debris or roof
insulation ballast. Remove caps as required. Verify insulation on piping as defined in
Section 23 07 00 - Insulation.

H. In addition to pressure tests check the following on kitchen waste systems:
1. Piping is installed to withstand 180 degrees F discharge from dishwashers, boiler
blowdown, etc.
2. Grease trap accessible and properly installed.

l. Verify that piping below mechanical boiler room is heat resistant.
STANDPIPE AND SPRINKLER SYSTEM

A. Ensure installation of piping system is completed prior to performing starting and testing
procedures. Ensure all equipment used has UL labels visible.

B. Fill system with water. Record pressure of water supply.

C. Pressure test piping system as per requirements of authorities having jurisdiction.
D. Start fire pumps and jockey pumps as per Section 23 08 11.

E. Ensure all valves in the sprinkler system are monitored and are clearly visible.

F. Ensure all flow switches are installed and are operational.

G. Flush systems as follows:
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L.

M.

1. Filled with water, let stand at full operating pressure for one week. Drain each riser
separately, then drain main.
2. Repeat above procedure three times.

Flow tests shall be performed as required by:

Authorities having jurisdiction
NFPA 13

San Francisco Codes

NFPA 14

NFPA 20

agrwNE

Record incoming water pressure to building once a day for ten days prior to activating
system.

Adjust PRV on pump discharge to achieve maximum pressure of 90 pounds per square inch
at top hose station. Adjust PRVs at lower hose stations to 80 pounds per square inch
maximum.

Test and place sprinkler valve into operation. Adjust pressure switches.

Coordinate sequencing of fire alarm with Division 26.

Record flow and pressure for fire pump and jockey pumps and inlet water pressure.

3.06 FIRE PROTECTION INERT GAS SYSTEMS

A.

H.

Pressure test piping to 0 percent leakage at 125 pounds per square inch for a period of 24
hours.

Ensure system is complete and installed as per the shop drawings.

Ensure all penetrations into protected areas are caulked, weatherstripped or sealed with
smoke dampers.

Test each component to demonstrate it is functioning as per design intent. Operate each
detector individually so as not to cause an alarm. Ensure panels annunciate as required.

Check each alarm sounding device for audibility under normal operation.
Check each interlock for proper operation as follows:

Dampers close

Doors close

Equipment shuts off
Pre-action sprinkler alarm activates

PONPE

Perform all of the above prior to actual discharge test.
Test system using [Inergen] [FM 200] to the satisfaction of the Architect.

Recharge system and leave in a fully operating mode.

3.07  MISCELLANEOUS SYSTEMS

A.

Test the following systems as follows:

1. Refrigerant piping: Test with nitrogen to 300 pounds per square inch on high
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pressure side and 150 pounds per square inch on low pressure side.

2. Compressed air: Test piping to 150 pounds per square inch pressure with nitrogen.
Maintain pressure for 24 hours with maximum 1.5 pounds per square inch pressure
drop.

3. Vacuum: Test piping to 150 pounds per square inch pressure with nitrogen.

Maintain pressure for 24 hours with maximum 1.5 pounds per square inch pressure

drop.

Medical gas: Test as described in NFPA 99 — Medical Gas Piping.

Gas piping: Test as required by authorities having jurisdiction.

Control air piping: Test to maintain air pressure at a maximum 1 pound per square

inch pressure drop.

ook

a. Mains — test to 150 pounds per square inch.
b. Branches — test to 100 pounds per square inch.

3.08 TESTING OF SPECIAL DUCT SYSTEMS

A.

F.

G.

An independent testing laboratory whose equipment, facilities and qualifications are
acceptable to the Architect shall perform tests.

Perform 100 percent ultrasonic testing inspection on all welded special fume exhaust systems
on the discharge side of the fan.

Welded ductwork shall be subjected to leakage tests at 3 inch water gauge static pressure
with O percent leakage over 8 hours.

Cut out and replace one welded fitting for testing.
Selection of fittings shall be by the Architect.
Delivery to testing facility shall be by the Architect.

Replace all fittings found to be defective by above tests.

3.09 TESTING OF SOLDERED PIPE FITTINGS FOR SYSTEMS CONVEYING MEDIA OVER
60 DEGREES F

A.

Prior to commencement of work, each tradesman involved shall solder two joints in the
presence of the Architect and immediately turn over to the Architect, properly identified with
date, name of solderer, project, to serve as reference samples.

Prior to starting system a sample of ten joints (Y2 percent of total joints on project) shall be cut
out and immediately turned over to the Architect for conveyance to approved independent
testing laboratory to determine that the 95-5 solder meets ASTM B32 Grade S65 standards.

Prior to starting system, perform X-radiography inspection by an independent testing agency
on twenty joints. Each joint shall be subjected to two separate X-rays taken normal to the
pipe axis and angles 90 degrees apart and subjected to the following analysis (gamma rays
or sonic inspection shall not be considered acceptable):

1. Pipe penetration into base of socket (must be 95 percent or better penetration).

2. Void Path Length (VPL) and Combined Void Path Length (CVPL) shall not exceed
50 percent of mean length of joint.

3. If a void is closer to the edge of the joint than 10 percent of mean joint length the

axial VPL and CVPL through that point shall not exceed 40 percent of the mean
length of the joint.

4, Circumferential VPL and CVPL shall not exceed 50 percent of joint circumference.
Circumferential measurements shall only be made within the center 70 percent of the
pipe cross section projected on the radiograph.
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5. No single void shall have a circumferential VPL or CVPL exceeding 25 percent of
joint circumference. Total void area shall not exceed 25 percent of total joint area.
D. All joints shall meet criteria above. If two or more joints fail this test, repeat with a 4 times

larger sample. If any of these joints fail, replace all joints on site.

E. Joint selection shall be made by random by the Architect.

F. Conveyance to testing facility shall be by the Architect.

3.10 CONTROLS

A. General:
1. Provide complete system documentation before start of testing:
a. System manuals including hardware, software, maintenance and operations
b. Interlock and control diagrams for all systems controlled
C. Shop drawings and calibration procedures
d. Written description of control strategy for each system
e. Table of operating setpoints and alarm limits for control strategies
f. Listing of actual data file for each point and for control strategies
g. Certification of operation and list of calibration requirements of all hardware
components
B. Hardware Starting:
1. Ensure each hardware component is properly installed as per manufacturer's
recommendations and functioning properly.
2. Hardware setting:

a.

b.

10/15/08 PKG 3 BID SET
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This testing must be completed and verified before any software logic and
control is added to the system.

Calibrate the following components as per manufacturer’s
recommendations:

(1) Thermostats and temperature sensors
(2) Damper motor operators and positioners
3) Valves operators and positioners

4) Transmitters

(5) Humidistats and humidity sensors

(6) Air compressors, dryers

(7 Pressure reducing/relief valves

(8) Clocks

(9) Gauges, thermometers, etc.

(10) Pressure/electric switches

(112) Static sensors and transmitters

(12) Flow switches

(13) Carbon monoxide sensors and alarm points
(14)  Alarm settings

(15) Fire alarm and security system interface
(16) Interposing relays

a7 Current sensitive relays

Pressure test all pneumatic air tubing as per Section 23 08 11.

Gauge all wiring used to ensure conformance to UL specifications. Ensure
all circuits are complete and all terminal wiring connections are tight.
Adjust control dampers. Ensure uniform mixing. Ensure tight shut-off
closure and measure leakage. Configure for fail-safe operation.
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f. Put control compressor and air dryer into operation. Ensure oil levels are
full; moisture blowdown is operational; air filter is clean. Adjust PRVs.

g. Put all electronic hardware into operation in accordance with manufacturer’s
recommendations. Replace all defective components. Prove proper
operation with software starting and printout.

h. Test and ensure all interface with Division 26 is complete. Test and ensure
all interface with other “package control” is complete.

i. Ensure point identification is completed and all wire labeling is completed.
As a minimum standard, the point tag should contain the following

information:

(1) Logical point name

(2) Point multiplexer

3) Address

4 Associated system identification

(5) Point description

j- If dynamic graphics are included, ensure the proper operation of:

Q) Dynamic values displayed on screen
(2) Update period
) Color change or status change
(4) Proper identification of system and points on screen
(5) Reaction to alarms
k. Check out each point through the terminal device end-to-end. This checkout

to include tests for range, reliability and repeatability.
l. Calibrate all control valves:

Q) Ensure no overlap of control ranges.
(2) No leakage when valves are closed, particularly steam.
3) Failsafe operation
m. Check all interface cabinetry to ensure compliance with the specifications

and applicable codes.

C. Software Starting:

1. Ensure all hardware is completely installed and started and fully operational before
software start-up.

2. Compare shop drawings and specifications to final software and check:
a. Flow charts
b. Hardcopy printouts
C. Control flow logic diagrams

3. Enter software and operating setpoints and schedules into terminal device.

4, Check out each system through the terminal by:

a. Simulation of system start/stop functions.
b. Simulation of systems operation including:

(2) High limit functions

(2) Low limit functions
3) Safety features (override values)
4 Operation sequences specified
C. Verification of system component hardwired interlocks.
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5. Verify operation of specific routines such as:

Optimization

Demand limiting

Peak shaving

Night setback, morning warm-up

Building dynamic control

Variable volume air systems supply/return fan tracking control
Power failure recovery

@~ oo0oTp

Simulate alarm conditions and verify alarm printouts.
Check out reports generation.

Check out communication network, input and output.
Check operation of system under failure modes:

©o~No

Component failure
Smart remote failure
Communication failure
Host failure

QOutside air sensor failure

PooTo

END OF SECTION
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SECTION 23 08 22

SYSTEM COMMISSIONING

PART 1 - GENERAL

1.01 DESCRIPTION

A. Provide commissioning for all water and air systems in accordance with the Contract
Documents.

B. The commissioning must be carried out by a Commissioning Specialist. The
Commissioning Specialist shall be an individual, team or company appointed to
undertake the commissioning of the installed services systems in accordance with this
specification.

C. The commissioning shall be supervised by Commissioning Management Consultant
appointed by the employer responsible for the overall planning, supervision and
witnessing of the results of the integrated commissioning of all installed building services
systems and their associated plant and equipment.

1.02 WORKINCLUDED

A. Preliminary and final adjustment of water systems.

B. Preliminary and final adjustment of air systems.

C. Temporary pipe and duct connections, pipe caps, duct caps, tees, valves, dampers, etc.

D. Performance testing of ACMV systems.

1.03 CODES OF PRACTICE

A. All commissioning works covered by this specification shall be carried out strictly in
accordance with the particular specification and the latest ACG Commissioning
Guidelines and ASHRAE Guideline 1-1996. Furthermore, where requirements set forth
in the particular specification differ from the above standards then the contract
requirements shall prevail.

B. Where there is any element of doubt as to the interpretation of the scope of work and
phrases used in this specification the Commissioning Specialist shall apply for
clarification at the time of his tender. Where no application is made, it is deemed the
Commissioning Specialist has fully interpreted the intentions of the contract documents.

1.04 SUBMITTALS

A. Provide the following to the Owner at least six months prior to the anticipated

commencement of commissioning activities on site:
1. A copy of the Specialist’s current ACG Registration Certificate, where
appropriate.
2. A profile of the Specialist’s organization giving details of staff and project
experience.
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10.

A copy of he Specialist's Safety Policy and the name of his Project Safety
Representative.

Details of the qualifications and experience of all senior staff proposed for the
project including copies of their individual ACG Registration Certificates (where
applicable).

Identification of the Specialist's nominated lead engineer.

A particular method statement detailing the standard pre-commissioning checks
(where appropriate) and the commissioning, recording, documentation and
reporting procedures to be adopted by the Specialist including samples of all
proposed test and record sheets.

Where requested by the employer, written procedures to be undertaken by the
specialist’s personnel in commissioning of the installed systems.

Information on the scheduled duration of the commissioning activities to be
undertaken by the Specialist on each of the relevant systems including details of
any special pre-requisites or system interdependencies in order that an
integrated project commissioning programme may be produced by the project
manager.

A full set of the ductwork shop drawings marked up with the location of each
range of test holes required by the Commissioning Specialist including
information on the size and spacing of these test holes. The proximity of
adjacent services should be considered by the installer when positioning test
holes and final locations shall be agreed on site in congested areas.

A formal preliminary report by the Commissioning Specialist following his review
of the information supplied by the Employer highlighting any deficiencies noted
on the drawings or any apparent discrepancies and/or omissions in the design
data submitted. The Specialist shall pay particular attention here to key items
such as damper locations and the size and location of installed water flow
measuring/regulation devices.

1.05 DOCUMENTATION

A.

The Commissioning Specialist shall record the results of his works on standard test and
check sheets. These may be his in-house standard sheets of pro-forma developed
specifically for the project. In either case, the sheets should comply with the
recommendations given in ACG guidelines.

The Commissioning Specialist shall also be responsible for preparing and submitting a
preliminary report see interim reports, progress reports and a final report.

1.06 SCOPE OF WORKS

A.

Unless otherwise indicated, the Commissioning specialist shall be responsible for all
aspects of Pre-Commissioning, Commissioning Recording and Demonstration of results
for witnessing of mechanical engineering services and provision of instrumentation and
all things necessary for these works.

The Commissioning Specialist shall carry out all pre-commissioning checking, plant start-
up, initial running checks, fluid flow regulation and systems and equipment performance
testing of all of the mechanical services systems shown on the accompanying drawings
(listed hereunder) and as required. Where certain of the systems fall outside of the
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F.

scope of works then the systems actually included are those listed below . All of this
work shall be carried out strictly in accordance with the specification.

The Commissioning Specialist shall carry out the initial running checks, flow regulation
and systems and equipment performance testing of all of the mechanical services
systems shown on the accompanying drawings and as required by this specification.
Where certain of the systems detailed in this specification fall outside of this scope of
works then the systems actually included are those listed below. When pre-
commissioning checks and plant start-up have been carried out by others, the
Commissioning Specialist shall satisfy himself that the aforementioned checks have been
carried out fully in accordance with the particular specification and that operational safety
is maintained for all systems. All of this work shall be carried out strictly in accordance
with this specification.

The Commissioning Specialist shall carry out the pre-commissioning and initial running
checks of all fans and pumps associated with the included systems. The commissioning
of all other major plant items such as chillers and controls will be carried out by the
respective Manufacturers’ Commissioning Engineers. The Commissioning Specialist
shall provide such attendance as is required to the Manufacturers’ Commissioning
Engineers. The Commissioning Specialist shall provide such attendance as is required
to the Manufacturers’ Commissioning Engineers to regulate and prove fluid flow rates
and to operate the associated systems.

The Commissioning Specialist shall provide all skilled labor, instruments and tools
required in order to carry out his works, fully in accordance with this specification the
particular specification and the contract requirements.

The work shall include the provision of reports both interim and final.

1.07 ATTENDANCE

A.

The Commissioning Specialist will require the attendance of others at certain stages of
the commissioning process and the Employer will arrange for this attendance to be
available as and when required. The Specialist shall give due notice to the Employer of
his attendance requirements, prior to commencement in order that this may be
incorporated into the commissioning programme.

The attendance will include, but not necessarily be limited to the following:

The attendance of the Controls Commissioning Specialist during initial plant start-up to
verify the correct functioning and calibration of motor starters and safety systems. The
Controls Commissioning Specialist should also be available to manipulate motorized
dampers and control valves in preparation for system balancing, particularly on software
driven systems.

The attendance of certain Manufacturers’ Commissioning Engineers during the start-up
and initial running of large or sophisticated fan or pump assemblies.

In addition to the above attendance furnish personnel to be available at short notice
during the pre-commissioning and initial run stages, and to a lesser extent throughout the
commissioning process, in order to respond rapidly to contingencies as these may come
to light.

1.08 SYSTEMS COMPLETION

A. The Commissioning Specialist shall commence his works on completed systems in
accordance with the agreed commissioning programme. No work shall be undertaken by
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the Commissioning Specialist on incomplete systems unless he is in receipt of a formal

instruction to do so from the Employer.

The Commissioning Specialist shall issue copies of a standard Systems Completion

Certificate pro-forma to the Employer at the Submissions Stage.

The Commissioning Manager will notify the Commissioning Specialist that a particular
system or group of systems are complete and that the required attendance are available.

1.09 INSTRUMENTS

A.

All instruments brought to site by the Commissioning Specialist shall be in good working
order. The Commissioning Specialist shall hold, on site, copies of the calibration
certificates for all of the instruments in use on that site. Should any instrument become
due for re-calibration during the commissioning process it shall be removed immediately

from service and not re-used until a new calibration certificate is available.

The Commissioning Specialist shall ensure that the following basic instruments are
available on site, and in sufficient numbers, to comply with programmed activities as

required.

1. Clip-on Ammeter — for ac current measurements.

2. Multimeter — for measurement of resistance and ac/dc voltage.

3. Tachometer — mechanical and/or optical for shaft speed measurements.
4, Electronic Direct Reading Anemometer for airflow measurements.

5. Inclined Manometer and/or Micromanometer — for airflow and air pressure

measurements together with pitot tubes of various lengths.

6. Digital Electronic Thermometer — with immersion and contact probes.

7. Sling Psychrometer and/or Electronic Hygrometer — for in-duct or space dry &

wet bulb temperature and humidity measurements.

8. Fluoro carbon filled Test Set with adaptors — for low-loss water pressure
measurement.

9. Mercury-filled Test Set with adaptors — calibrated for high-loss water pressure
measurements.

10. Pressure Gauges — for water pressure measurements.

11. Mercury in glass thermometers — for checking digital electronic thermometers.

12. Digital electronic water manometer.

1.10 DEFICIENCIES

A. The Commissioning Specialist shall bring to the notice of the Employer, with the
minimum of delay, all deficiencies in systems installation or equipment performance
which come to light during the commissioning process by means of the interim reports.

B. Such reports are also to include any deficiencies noted which may not necessarily have
an impact on commissioning but could effect system performance and safety.
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C. Should the Commissioning Specialist consider that a discovered deficiency may result in
damage to plant or systems or impair operational safety in any way, then he shall
immediately shut down and lock off that plant. The plant shall not be restarted until
formal clearance to resume work is issued by the project manager.

1.11 REPORTING

A. The Commissioning Specialist shall submit written reports to the Owner at certain stages
of the works as follows:

1. A preliminary report relating to his review of the drawings and design data prior
to commencement on site.

2. Interim reports, as appropriate, detailing any deficiencies and performance
shortfalls which may come to light as the commissioning works progress.

3. Progress report, as and when required by the Employer, in order that progress
against the agreed programme may be monitored.

4, A final report on each completed system or group of systems incorporating the
results documentation and a signed summary/acceptance sheet to be counter
signed by the witnessing authority.

1.12 COMMISSIONING OF WATER SYSTEMS

A. Water flow rate shall be measured and regulated by flow meter and/or identifying the
pressure drop across measuring devices built into each of the paths while the water is
circulated at ambient temperatures. Portable mercury filled manometers shall be
employed for this purpose.

B. Implement all preliminary checks, system flushing, setting to work, balancing and
regulation in accordance with CIBSE Commissioning Code, Series W.

PART 2 — PRODUCTS
201 Not Used
PART 3 — EXECUTION
3.01 AIRDISTRIBUTION SYSTEMS
A. Pre-commissioning Checks
1. The Commissioning Specialist shall, on receipt of a Systems Installation
Completion Certificate or other notification from the Owner, satisfy himself that
the completion status of the system is sufficiently advanced for commissioning to
commence safely.
2. The installer will be responsible for ensuring that access to all damper handles
access doors and test holes are not obstructed by insulation or other system or

building elements.

3. The Commissioning Specialist shall carry out static pre-commissioning checks
generally in accordance with the particular specification.

4. The Commissioning Specialist, in liaison with the Controls Commissioning
Specialist, shall satisfy himself that all system safety devices are operational with
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particular reference to frost protection devices and emergency stop/lock-off
buttons and that access to rotating plant is restricted to authorised personnel.

5. The Commissioning Specialist, in liaison with the Controls Commissioning
Specialist , shall ensure that all motorised dampers are in the fully open position
and that they will remain fully open during commissioning. Where systems have
facilities for re-circulation of return air then these shall be set to the full fresh
air/full exhaust, position for start-up and balancing except in circumstances
where frost damage may result.

6. The Commissioning Specialist, in liaison with the Controls Commissioning
Specialist, shall ensure that, where practicable, measures are taken to enable
the initial start-up of fans to be carried out under low load conditions.

7. Where variable speed fan drive facilities are incorporated these shall be checked
in accordance with the manufacture’s instructions and set to minimum speed for
initial start-up.

B. Plant Start-up and Initial Running

1. Following the satisfactory completion of the foregoing pre-commissioning checks,
the Commissioning Specialist shall, in conjunction with the Controls Specialist,
carry out fans start-up and initial running checks.

2. The Commissioning Specialist shall give notice of initial plant start-up to the
Employer in order that suitable measures may be taken to protect building
contents and finishes from dust discharge from system outlets.

3. Once initial running is complete and the Commissioning Specialist is satisfied
with the operational safety of the system be shall carry out an initial appraisal of
fan performance, with the system on maximum load, prior to the commencement
of airflow regulation (balancing). This initial appraisal shall comprise the
measurement and recording of the following:-

a. Fan Total Airflow — by means of a single main duct pitot traverse or the
sum of traverses in the main branch ducts.

b. Fan Static Pressure
C. Fan and drive motor shaft speeds
d. Voltage and full running current of drive motor
e. Air temperature at the fan inlet
f. Pressure differential across each system filter assembly
4. Note The fan total volume under these conditions (filters clean and system

unbalanced with all dampers open) should be appreciably above the design
figure. If under these conditions the total volume is at or below the design level
then the Commissioning Specialist, having rechecked the systems to ensure that
no obstructions have been overlooked, shall report his initial findings to the
Employer in order that further investigations may be carried out in conjunction
with the fan manufacturer and the Engineer. In the event that the total airflow is
less than 80% of design then airflow regulation shall not be commerce until all-
party discussions have taken place and a strategy has been agreed formally.
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5.

The Commissioning Specialist shall ensure that the running current of any drive
motor does not exceed the full load current quoted on the equipment nameplate
for a prolonged period at any state of the commissioning process.

C. System Airflow Regulation

1.

10.

The Commissioning Specialist shall consider the state of advancement of
building finishes prior to the commencement of balancing. For air distribution
systems serving areas where doors etc have not been fitted the commissioning
specialist shall only commerce commissioning under written instruction from the
employer.

The Commissioning Specialist shall use, wherever practicable, a purpose made
hood in conjunction with a direct reading electronic anemometer when carrying
out the balancing of air terminals.

Should the Commissioning Specialist in the course of balancing, find an
unusually low flow rate at a terminal or branch he shall recheck the ductwork in
that area for obstruction or leakage before continuing to regulate flow rates. Any
problems with unresponsive or noisy branches noted during balancing shall be
immediately brought to the attention of the Owner for discussion with the
Engineer.

Balancing between branches shall always be carried out using the branch duct
dampers. In general the dampers installed in terminal grilles and diffusers shall
only be used or the local balancing between the terminals on a particular branch.

Note On the completion of the balancing exercise at least one terminal or any
dampened sub-branch should be fully open as should all dampers on the path
from the fan to the true index terminal.

Main or branch dampers shall not be used to reduce overall fan airflow rates
except on small, direct drive fans. If a system remains in excess of the specified
design upper limit for airflow on completion of the balancing exercise then fan
speed reduction by pulley change or pitch adjustment shall be undertaken by the
installer to bring the total airflow within tolerance.

On completion of a system balance a final set of airflow readings shall be taken
and recorded on the agreed test sheet. Where complementary supply and return
air systems normally operate together the final readings shall be taken with both
systems operational and balanced. Duct damper settings shall be lightly marked
at this stage prior to demonstration of results.

The Commissioning Specialist shall take total airflow measurements in the main
duct or main branch ducts. These readings shall be taken using an inclined
manometer or an electronic micromanometer in conjunction with a pitot tube of
suitable length.

The Commissioning Specialist, in conjunction with the Controls Commissioning
Specialist shall set up the design minimum fresh air quantity on systems with
fresh air constant volume dampers.

When all of the foregoing checks and tests are satisfactorily completed and
demonstrated, in accordance with this specification, the Controls Commissioning
Specialist will normalise all distribution system and plant control sensors set
points.
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11. The Commissioning Specialist shall measure and/or record on the appropriate
test sheet, the following data on each fan set on completion of system balancing:
Indicate the design and actual operating condition:

a.

b.

Fan Total Airflow — ctm

Fan Static Pressure — inches of water

Fan Shaft Speed

Motor Shaft Speed

Motor Applied Voltage and full load Running Current

Motor Starter Fuse Rating, Overload Setting and Timer Setting (where
applicable)

Fan Nameplate Data
Motor Nameplate Data

Drive Details

12. Balance and adjust supply air systems as follows:

a.
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Systems installed with trunk ducts only, with no air outlets, to be
balanced by adding a volume damper at each end of the trunk duct
(minimum of two (2) dampers per system if duct is looped). Make
adjustments to the air handling units as required to deliver the volume of
air within 10% of design flow at the static pressure and cold air supply
temperature shown on the Drawings. Remove dampers and seal or re-
cap openings after reports have been accepted by Engineer (All floors)

Systems installed with main duct capped at wall of fan room will be
balanced by installing an opposed blade damper at each capped
connection. Make adjustments as required to deliver the volume of air
within 10% of design flow at the static pressure and cold air supply
temperature shown on the Drawings. Remove dampers and re-cap
openings after reports have been accepted by Engineer (3 typical floors)

Systems installed partially complete will be balanced by installing a
volume damper in duct allocated for remaining portion of system. Make
adjustments as required to deliver the volume of air within 10% of design
flow at the static pressure and cold air supply temperature shown on the
Drawings. Remove damper and re-cap or seal openings after reports
have been accepted by the Engineer . (All floors)

Balance and adjust supply air systems installed in finished areas of the
building (except for areas with inaccessible ceiling construction) as
follows:

() After duct systems have been installed complete with all grilles,
dampers, ducts, coils, automatic temperature controls, and other
items hereinafter specified, make the adjustments to the air
handling units and all outlets as required to deliver the volume of
air within 5% of design flow as shown on the Drawings with
design cold duct temperatures. After the finished area is
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occupied, readjust the air volumes if required, to properly
balance the cooling and heating loads throughout the
conditioned areas.

e. Balance and adjust completed supply air systems installed in areas with
inaccessible ceilings as follows:

Q) After duct systems have been installed complete with all
dampers, ducts, coils, and other items hereinafter specified,
except for final connection to grille or air outlet, and prior to
inaccessible ceiling installation, make adjustments, as required,
to deliver the volume of air at each interior and perimeter air tap
proportionally within 5% of design flow as shown on the
Drawings.

(2) After each duct system has been adjusted, securely lock each
manual damper, splitter, spin-in damper, etc., with sheetmetal
screws prior to installation of ceiling.

3) Submit balancing reports to the Engineer for review and
comment as specified hereinafter, prior to the installation of the
inaccessible ceiling. Do not conceal duct system prior to the
receipt of an air balance report which has been accepted by the
Employer for the system.

(4) After ceiling installation, install each air outlet with air patterns as
shown on the Drawings. Make final air balance adjustment by
increasing or decreasing the fan powered terminal unit fan rpm.

D. Air Handling Plant Performance Tests

1. The Commissioning Specialist shall measure and record the static pressure loss,
at or near design airflow, of all installed cooling coils and attenuators.

2. The Commissioning Specialist shall carry out thermal performance tests on all
installed cooling coils and record the results on the appropriate test sheets.

a. For cooling coils — measure and record entering and leaving wet and dry
bulb temperatures and water flow and return temperature with:

(1) airflow rate at or near design entering air temperature and
humidity stable and at or near design water flow rate at or near
design and control valve fully open to coil water flow temperature
stable and at design

E. Systems Incorporating VAV/CAV Airflow Controllers

1. Prior to initial plant start-up the Commissioning Specialist, in conjunction with the
Controls Commissioning Specialist, shall configure the temperature controlled,
VAV devices to full cooling — maximum airflow status. The precise method used
to achieve this will vary dependent on the proprietary VAV units installed.

2. The Commissioning Specialist, in conjunction with the Controls Commissioning
Specialist, shall carry out air handling plant start-up. Following start-up and initial
running of the fans the system static pressure sensor control set point shall be
gradually raised until either the design value is achieved or stable maximum
working fan speed is reached. The Commissioning Specialist shall then take
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preliminary static pressure readings immediately upstream of selected VAV units
to ensure that pressure distribution throughout the system is satisfactory and that
all VAV units are operating above their design minimum pressure (lift-off
pressure) as specified by the manufacturer.

3. On systems where factory-calibrated VAV/CAV units are installed, the
Commissioning Specialist shall proceed to carry out proportional balancing of
groups of terminal supply grilles or diffusers downstream of each VAV/CAV unit
previously set to full cooling — maximum airflow. On completion of this exercise
at least one terminal damper in each group shall be fully open and under no
circumstances shall attempts be made to reduce the aggregate airflow of a
VAV/CAV unit using these terminal dampers.

4 The Commissioning Specialist, in conjunction with the Controls Commissioning
Specialist, shall then progressively check the airflow calibration of each
VAVI/CAV unit where downstream balancing has already been carried out. The
airflow rate shall be verified in turn on each unit in both the high (full cooling) and
low (full heating minimum cooling) status by the manipulation of individual
temperature set points (or other suitable means) and the results recorded. Each
of the VAV units shall be reset to the full cooling mode once this calibration
check is complete. The VAV/CAV unit airflows shall be determined using signals
from in-built flow measuring grids where available or by means of a pitot traverse
taken in the upstream high velocity duct. Upstream static pressure on each
VAV/CAV unit shall also be measured and recorded as part of this calibration
check.

5. All of the remaining VAV units that were set to full heating minimum cooling-
minimum airflow status to simulate system diversity shall now be set to full
cooling a corresponding number of already calibrated units sets to full heating
minimum cooling minimum airflow. The Commissioning Specialist shall then
proceed to carry out downstream proportional balancing and calibration checks
of these remaining units.

6. Details of any defects or deficiencies in the calibration of VAV/CAV units which
come to light during the calibration check shall be recorded and reported to the
Employer. Where necessary, re-calibration of faulty units should be carried out
by the Manufacturer's Commissioning Specialist or by the Commissioning
Specialist if he is duly authorized and instructed to do so.

7. The Commissioning Specialist shall carry out proportional balancing of the
associated return air systems and set up, in conjunction with the Controls
Commissioning Specialist any return air zone control, motorized dampers.

8. The Commissioning Specialist shall carry out total airflow measurements and
minimum fresh air adjustment and where required, air handling plant
performance tests.

9. The Commissioning Specialist, in conjunction with the Controls Commissioning
Specialist, shall check and adjust “tracking “ of the return air fans. This shall be
achieved by progressively reducing the total system supply air volume from
design maximum to minimum (by manipulation of temperature set pointsO whilst
simultaneously measuring the total supply and return air volumes to ensure that
the fan volumes remain proportional and stable throughout the operating range.
This exercise shall be repeated on an increasing supply airflow. This “tracking”
exercise shall initially be carried out with the system in full fresh air mode. The
system shall then be configured to the minimum fresh air mode and the above
“tracking” exercise repeated with the additional simultaneous measurement of
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10.

the fresh air quantity to ensure that this remains constant and unaffected by
system total airflow changes. The operation and “tracking” of individual return air
zone modulating dampers, where fitted, shall also be verified in a like manner.

Once all of the foregoing checks and tests are satisfactorily completed and
demonstrated, the Controls Commissioning Specialist shall normalize all
distribution system and plant control sensor set points.

F. Witnessed Demonstrations

1.

On completion of all of the foregoing on any system, or group of systems, the
Commissioning Specialist shall finalize and collate the test sheets and submit a
copy with a summary/witnessing sheet to the Employer.

The Commissioning Specialist shall demonstrate his documented figures to the
witnessing team. Upon satisfactory completion of the demonstration a member
of the witnessing team will counter sign the summary sheet confirming that the
recorded results have been witnessed.

On receipt of confirmation that the balancing on a system has been accepted by
the Engineer / the Commissioning Specialist shall indelibly remark all balancing
damper positions and replug test holes.

3.02 WATER DISTRIBUTION SYSTEMS

A. Pre-Commissioning Checks

1.

The Installer will prepare the systems for commissioning — filling, flushing and
venting all in accordance with this specification. Pre-commissioning Cleaning of
Water Systems and ensure that clear access available to al test points and valve
handles.

The Commissioning Specialist shall on receipt of a Systems Installation
Completion Certificate or other notification from the Employer, satisfy himself that
the completion status of the system is sufficiently advanced for commissioning to
commence safely.

The Commissioning Specialist, in liaison with the Controls Specialist, shall carry
out static pre-commissioning checks Mechanical and Electrical Checks, and in
compliance with the standard pre-commissioning check list of this specification.

The Commissioning Specialist, in liaison with the Controls Commissioning
Specialist, shall ensure that all motorized valves are in the fully open to load
position and that they will remain fully open during commissioning. The
Commissioning Specialist shall check that all system valves, isolating and
regulating, are fully open. Should he find certain valves closed in the course of
this check he shall notify the Installer and shall not attempt to open them himself.

B. Plant Start-up and Initial Running

1.

Following the satisfactory completion of the foregoing preliminary checks the
Commissioning Specialist shall, in conjunction with the Controls Specialist, carry
out pump start-up and initial running checks.

Once initial running is complete and the Commissioning Specialist is satisfied
with the operational safety of the system he shall carry out an initial appraisal of
pump performance, with the system on maximum load, prior to the
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commencement of water flow regulation (balancing). This initial appraisal shall
comprise the measurement and recording of the following and in the case of dual
pump sets shall be undertaken for both pumps.

a. Total Fluid Flow Rate — using the main orifice plate or venturi.
b. Pump Differential Pressure — using a single, calibrated pressure gauge.
C. Closed Valve Pump Differential Pressure — using above gauge.
d. Pump and drive motor shaft speeds
e. Voltage and full lead running current of pump motor.
f. Pressure differential across main system strainer assembly.
3. If the pump total fluid flow rate as measured and recorded above is at or below

the design level then the Commissioning Specialist, having rechecked the
systems to ensure that no valves have been overlooked, shall report his initial
findings to the Employer in order that further investigations may be carried out in
conjunction with the pump manufacturer and the Engineer. In the event that the
total flow rate is less than 80% of design then balancing shall not be commenced
until all-party discussions have taken place and a strategy has been agreed

formally.

4 Note The pump total flow rate under these conditions (strainers clean and
system unbalanced with all valves open should be appreciably above the design
figure.

5. The Commissioning Specialist shall ensure that the running current of any drive

motor does not exceed the full load current stated on the nameplate for a
prolonged period of any stage of the commissioning process.

6. The Commissioning Specialist shall run the pump set for a period of at least four
hours monitoring the total flow rate and main strainer pressure differential at
regular intervals. If during this initial run, a reduction in main flow and/or an
increase in strainer pressure drop is noted (indicating that a level of dirt is still
present in the system) then this shall be reported to the Employer/Systems
Cleaning Specialist with a request for further action.

C. System Fluid Flow Regulation (Balancing)

1. When satisfied that the system fluid flow rate is stable the Commissioning
Specialist shall carry out the proportional balancing of the system. The
tolerances to be applied shall be those detailed in the particular commissioning
specification.

2. The particular valve manufacturer’'s recommendations for the minimum permitted
degree of opening of regulating valves shall be adhered to at all times.

3. Should the Commissioning Specialist, in the course of balancing, find an
unusually low flow rate at a terminal or branch he shall check the manufacturers’
pressure loss data for components on that branch before continuing with the
balance. If problems with an unresponsive branch cannot be explained by
unusually high resistance components he shall immediately report this findings to
the Employer with a request for further investigation. Problems with particularly
high resistance terminals or branches should be brought to the attention of the
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Engineer by the Employer.

4, Note Regulating techniques to promote flow in a high resistance branch are likely
to adversely influence overall system flow rates with little improvement to that
individual branch and other solutions should be considered.

5. On completion of the system balancing the Commissioning Specialist shall
measure and record a final set of water flow rates on the agreed test sheet. All
system double regulating valve settings shall also be recorded and all test point
caps shall be replaced.

6. The Commissioning Specialist shall measure and/or record on the appropriate
test sheet — the following data on each pump on completion of the system
balancing. Indicate the design requirements and the actual operating conditions.

a. Pump Total Fluid Flow — gpm

b. Pump Discharge Pressure — psig

C. Pump Suction Pressure — psig

d. Pump Impeller Diameter

e. Pump Shaft Speed

f. Motor Shaft Speed

g. Motor Applied Voltage and Running Current

h. Motor Starter Fuse Rating, Overload Setting and Time Setting (where
applicable)

i. Pump Nameplate Data

j- Motor Nameplate Data
k. Drive Details
D. Pump and System Performance Tests
1. The Commissioning Specialist shall measure and record dynamic pressure

losses through al the following system components where provided with suitable
pressure tappings:

a. Cooling Coils
b. Plate Heat Exchangers
C. Control Valves
d. Systems strainers (clean)
e. Chiller evaporators and condensers.
2. The Commissioning Specialist shall measure and record dynamic pressure

losses through all fan coil unit cooling coils.
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E. Witnessed Demonstrations

1. On completion of all of the foregoing on any system, or group of systems, the
Commissioning Specialist shall finalise and collate the test sheets and submit a
copy with a summary/witnessing sheet to the Employer.

2. The Commissioning Specialist shall demonstrate his documented figures to the
witnessing team. Upon satisfactory completion of the demonstration a member
of the witnessing team will countersign the summary sheet confirming that the
recorded results have been witnessed.

3. Once all the foregoing checks and tests are satisfactorily completed and
demonstrated, the Controls Commissioning Specialist shall normalize all
distribution system and plant controls sensor set points.

F. Attendance on Manufacturers’ Commissioning Specialists

1. The Commissioning Specialist shall provide attendance, as required, to
demonstrate water flow rates and plant pressure losses to Manufacturers’
Commissioning Specialist on items such as chillers.

3.03 COMMISSIONING AUTOMATIC CONTROL SYSTEMS

A. Checking, setting up measurement and calibration procedures of automatic control and
equipment shall be done in conjunction with the Controls Sub-Contractor.

END OF SECTION
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SECTION 23 09 00

BUILDING MANAGEMENT SYSTEM (BMS)

PART 1 — GENERAL

1.01 WORK INCLUDED
A. The work under this Section of the Specifications includes all labor, materials, equipment and
services to provide a fully operational native BACnet Building Management System (BMS).

For terms of this specification, “native BACnet” means that all of the BMS devices, from the

front end operator’s workstation to the building controllers and down to the unitary controller

level, only speak and understand BACnet. The devices may be interconnected using any of
the approved BACnet LAN technologies. The BMS shall be a totally native BACnet-based
system, including a Microsoft Windows XP operator’'s workstation, based on a distributed
control system in accordance with this specification. The operator’s workstation, all building
controllers, application controllers, and all input/output devices shall communicate using the
protocols and network standards as defined by ANSI/ASHRAE Standard 135-2001, BACnet.

No gateways shall be used for communication to controllers installed under this section.

Gateways may be used for communication to existing systems or to systems installed under

other sections. The work in general consists of, but is not limited to, the following:

1. The native BACnet BMS shall be as specified and consist of a high-speed, peer-to-
peer network of DDC controllers and an operator workstation. The operator
workstation shall be a personal computer (PC) with color monitor, mouse, keyboard,
UPS, and external storage device and printer. The PC shall allow a user to interface
with the network via dynamic color graphics. Each HVAC system, lighting system(s),
building floor plan, and control device will be depicted by point-and-click graphics.

2. Remote portable operators interface computer units as specified.

3. A dedicated data communications network including electric isolation and protection
from electrical interference.

4, A network of stand alone Direct Digital Control (DDC) controllers and field panels,
including sensors, and control devices.

5. Complete electrical installation including wiring, raceways and power wiring, except
as noted.

6. Software required to produce a complete and operational native BACnet BMS as
specified herein. Include a minimum of two licenses for any proprietary software
being provided.

7. Complete operating and maintenance manuals and field training of operators and
maintenance personnel.

8. System commissioning and acceptance tests as specified.

9. Full documentation for all software and equipment provided.

10. Project management for managing system installation including, but not limited to:
Design, installation, equipment delivery, and coordination with other trades, labor
management, commissioning and acceptance testing.

11. Review of fire alarm shop drawing for acceptance by BMS contractor to ensure
proper coordination of scope of work, wiring and operating sequences.

12. Autodial modems for communication to the control system and to remote DDC
controllers or other work stations. Autodial modem shall have remote paging for
pager annunciation of alarms.

13. Provision for interface wiring to fire alarm, emergency power, lighting and security
systems, and other Divisions of the specifications.

14. Miscellaneous control wiring including, but not limited to:

a. Wiring of packaged heat pump unit thermostats
b. Fuel oil control system
C. Chiller control panel interface wiring
d. Boiler control panel interface wiring
e. Cooling tower control wiring
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15.
16.
17.

18.

Cooling tower level controls and filter/separator

Interlock wiring including summary alarm supervision or stand-alone
systems

Power wiring from designated Division 26 outlets or circuits to BMS
components that require power

Provide service kit.

Provide spare parts as noted in this specification.

Warranty of system including all associated materials, labor, and services for period
of one year from the date of final acceptance.

Web-based operator access software.

B. Qualification Proposal:

1.

Submit complete proposal for review prior to final acceptance of mechanical division
bid. The following information shall be submitted:

a.

b.

Schematic of BMS configuration indicating DDC panels, locations, capacity
and functions.

List of subcontractor and supplier of components with descriptions of their
services or components furnished.

Location and qualification of primary software programming support staff.
Specific detailed list of all areas of the proposed native BACnet BMS that
cannot comply with the requirements of the Contract Documents.
Reference the specification paragraph where compliance is not possible.
Provide additional information to evaluate the impact of the deviation.
Provide all required detailed information for a satisfactory evaluation of the
bid. Failure to submit may result in rejection of proposal.

Submit written resumes of key personnel proposed on the project.
The following minimum qualifications are required from the native BACnet BMS
contractor.

a.

Have comprehensive local service and trained support personnel capable of
giving instruction and provide emergency maintenance on the system,
including all software, firmware and hardware components.

Provide remote assistance and troubleshooting via the web based interface
from contractor’s office.

Have access to local supplies of essential expendable and spare parts.
Have a proven record of successful native BACnhet installations and
maintenance of equivalent native BACnet systems for a minimum period of
5 years.

Have installed two native BACnet systems of similar size and BMS
architecture.

Provide all engineering, programming and support by a local office located
within 75 miles of the project site.

1.02 PRODUCTS FURNISHED BUT NOT INSTALLED UNDER THIS SECTION

A. Installation of the following items furnished under this Section but installed under other
sections.

NogakrwnpE

Automatic control valves
Automatic control dampers
Thermowells

Airflow measuring stations
Liquid flow sensor — transmitters
Liquid / Steam Pressure sensor
Liquid flow switches
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8. VAV and fan coil type terminal unit DDC controllers

B. Designated circuits shall be furnished by the Division 26 Contractor from the distribution
panelboards for BMS power. Power wiring from the designated power outlets or circuits
shown on Division 26 drawings to BMS components shall be within the work scope of this
section.

C. Supervise and coordinate the installation of equipment, instruments and materials furnished
under this Section but installed under other Divisions of the Specifications. All equipment and
instruments shall be installed in strict accordance with the manufacturer's published
installation instructions.

1.03 PRODUCTS NOT FURNISHED OR INSTALLED BUT INTEGRATED WITH THE WORK OF THIS

SECTION

A. Chiller Controls

B. Boiler Controls

C. Variable Frequency Drives

D. Water Treatment Controls

E. Condenser Water Filtration Controls

F. Packaged Air Conditioners

G. Refrigerant Leak Detection Systems

H. Sump Pumps, Sewage Pumps, Domestic Water Booster Pumps

l. Ground Water Wells / Pumps
1.04 SYSTEM DESCRIPTION
A. System Configuration:
1. The Building Management System (BMS) shall perform both monitoring and control

of mechanical and electrical equipment for building management, energy
conservation, and environmental control.

2. The BMS control philosophy shall be direct digital control and be implemented by a
distributed digital system.

3. The personal computer (PC) shall provide for overall building data acquisition and
transfer, report generation, historical data storage and retrieval, and operator
interface.

4, General structure of workstation interaction shall be a standard client/server

relationship. Server shall be used to archive data and store system database.
Clients shall access server for all archived data.

5. The server shall maintain a copy of the database and programming for each DDC
panel and shall automatically reload the DDC panel over the network in the event
that the DDC panel’s database is lost or becomes corrupted.

6. The PC shall automatically backup the DDC database daily and maintain the backup
for a period of at least 6 months.
7. The PC and DDCs shall communicate through dedicated communications

network(s). All communications on network shall be by digital signals only.
Operator's workstation shall as a minimum support Point-to-Point (PTP) and
Ethernet BACnet LAN types. It shall communicate directly via these BACnet LANs
as a native BACnet device. Operator’s terminal shall comply with the requirements

10/15/08 PKG 3 BID SET BUILDING MANAGEMENT SYSTEM COWPERWOOD
392-504 FLACK + KURTZ 230900-3 BATTELLE



of a BACnet conformance Class 3 device and support all BACnet services necessary
to provide the following BACnet functional groups:

a. Clock Functional Group
b. Event Response Functional Group
C. Time Master Functional Group
d. Device Communications
8. The native BACnet Direct Digital Controllers shall perform remote data acquisition

and process control. DDC panels shall be locally mounted completely self-
contained, field programmable, real-time microprocessor based controllers shall
operate stand alone in the event of a communication failure.

9. Each native BACnet DDC shall be connected to its particular controlled environment
through field input/output (1/0) instrumentation.

B. Design and Performance Criteria:
1. Expansion Capability:
a. System Point Capacity. The system size shall be expandable to at least

twice the number of input/output objects required for this project. Additional
controllers (along with associated devices and wiring) shall be all that is
necessary to achieve this capacity requirement. The PC operator interfaces
installed for this project shall not require any hardware additions or software
revisions in order to expand the system.

b. System shall be modular to allow change of function and operation in the
field by plug-in modules, equipment and software changes to expand
system capacity without interrupting system operation.

2. System Performance:
a. The system shall conform to the following minimum performance standard:

(1) Graphic Display: The system shall display a graphic with 20
dynamic points with all current data within 10 seconds.

(2) Graphic Refresh: The system shall update a graphic with 20
dynamic points with all current data within 8 seconds.

3) Object Command: The maximum time between the command of a
binary object by the operator and the reaction by the device shall be
less than 2 seconds. Analog objects should start to adjust within 2
seconds.

4) Object Scan: All changes of state and change of analog values
shall be transmitted over the high-speed network such that any data
used or displayed at a controller or workstation has been updated
within the previous 60 seconds.

(5) Alarm Response Time: The maximum time from when an object
goes into alarm to when it is annunciated at the workstation shall
not exceed 45 seconds.

(6) Program Execution Frequency: Custom and standard applications
shall be capable of running as often as once every 5 seconds. The
Contractor shall be responsible for selecting execution times
consistent with the mechanical process under control.

(7 Performance: Programmable controllers shall be able to execute
DDC PID control loops at a selectable frequency of at least once
per second. The controller shall scan and update the process value
and output generated by this calculation at this same frequency.

(8) Multiple Alarm Annunciations: All workstations on the network shall
receive alarms within 5 seconds of each other.
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(9 Reporting Accuracy: The system shall report all values with an end-
to-end accuracy as listed or better than those listed in Table 1.

(20) Stability of Control: Control loops shall maintain measured variable
at set point within the tolerances listed in Table 2 below.

Table 1: BMS System Performance Reporting Accuracy

Measured Variable Reported Accuracy

Space Temperature +1 degree F

Ducted Air +1 degree F

Outside Air +2 degrees F

Water Temperature +1 degree F

Delta-T +0.25 degree F

Relative Humidity +2.5 percent RH

Water Flow +5 percent of full scale

Airflow (terminal) +10 percent of full scale (Note 1)
Airflow (measuring stations) +5 percent of full scale

Air Pressure (ducts) +0.1 inches water gauge

Air Pressure (space) +0.01 inches water gauge
Water Pressure +2 percent of full scale (Note 2)
Electrical (A,V,W, Power Factor) +5 percent of reading (Note 3)
Carbon Monoxide (CO) +5 percent of reading

Carbon Dioxide (COy) +50 parts per million

Thermal Energy +2 percent of reading

Note 1: 10-100 percent of scale
Note 2: For both absolute and differential pressure
Note 3: Not including utility-supplied meters

Table 2: BMS System Control Stability and Accuracy

Controlled Variable Control Accuracy Range of Medium
Duct Air Pressure +0.2 inches water gauge | 0-6 inches water gauge
Space Differential ~ Air | £0.01 inches water gauge | -0.1 to 0.1 inches water
Pressure gauge
Airflow +10 percent of full scale
Space Temperature +1.0 degrees F
Duct Temperature +2.0 degrees F
Humidity 15 percent RH
Fluid Pressure +1.5 psi 1-150 psi
+1.0 inches water gauge | 0-50 inches water gauge
differential
b. Environmental Conditions:

Q) The native BACnet DDCs, Field Equipment Panels, and other
equipment shall operate under continuous ambient environmental
conditions of 35 degrees to 122 degrees F dry bulb and 10 percent
to 95 percent relative humidity, noncondensing as a minimum.
Sensors and control elements shall operate under the ambient
environmental temperature, pressure, humidity, and vibration
conditions encountered for the installed location.

(2) Other equipment, such as video screen terminals and printers,
shall, unless designated otherwise, operate properly under
continuous ambient environmental conditions of 50 degrees to 104
degrees F and a relative humidity of 20 percent to 80 percent.
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C. Materials and Equipment:

1) Where multiple units of the same type are required, the units shall
be products of a single manufacturer, however, the component
parts of the system need not be the products of a single
manufacturer. The components shall not require customizing other
than setting jumpers and switches and adding firmware. Each
major component of equipment shall be labeled with the
manufacturer’'s name, address, model and serial number.

(2) All systems and components shall have been thoroughly tested and
proven in actual use.

d. Total system shall be immune to internal and external generated sources of
electrical noise.

1.05 SUBMITTALS

A. General: Indicate at the beginning of each submittal known substitutions and deviations from
requirements of the Contract Documents. Refer to Section 23 05 01 - Mechanical General
Provisions.

B. Product Data: Provide technical bulletins and catalog data for all equipment and system

components. Clearly identify, by use of symbol or tag number, the service of each item. All
irrelevant information shall be marked out leaving only pertinent data. For all system
elements (building controller(s), application controllers, routers, and repeaters) provide
BACnet Protocol Implementation Conformance Statements (PICS) as per ANSI/ASHRAE
Standard 135-2001.

C. Shop Drawings:

1. Shop drawing submittals shall include sufficient data to indicate complete compliance
with Contract Documents. Submissions of drawings, brochures, bulletins, catalog
data, and narrative descriptions shall include as a minimum:

a. Symbol and abbreviation lists.

b. System block diagram showing quantity and location of PC, operator
console equipment, native BACnet DDCs, field equipment panels and major
system components.

C. Control diagrams for all systems controlled. Controls shall be shown on
system flow diagrams.

d. Interfaces (software and hardware) with equipment provided in other
sections of specifications.

e. Narrative description of operation for each system, enumerating and

describing the function of each component. Include alarm and emergency
sequences, and equipment interlocks.

f. Description of manual override capabilities.

g. Complete input and output point schedule. Identify point function, type and
location.

h. Spare capacity provisions.

i. Detailed bill of materials.

j- Valve and damper schedule: Provide identification numbers, location,
system, dimensions and performance data.

k. Device mounting details: Include as a minimum:
(1) Sensing elements in ducts or casings.
(2) Sensing elements in piping.

2. Complete full-size drawings, 11-inch by 17-inch minimum using AutoCAD 2000

Software or above.
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D. Programming:

1. Point identification code.
2. System advisory messages, printouts, logging formats.
3. Drawings of system graphics showing monitored points.
4, Software flow charts for application and DDC programs.
5. Graphic User Interface program, include commands, alarm annunciation, logs and
programming capabilities.
6. Description of system operation under failure conditions.
E. Samples:
1. Thermostat, humidity sensor and temperature sensor covers.
2. All devices mounted on finished surfaces or exposed.
F. Quiality Control Submittals:
1. UL, FM listing compliance certificates.
2. Final calibration, commissioning and testing reports.

1.06 OWNER’S MANUALS

A. General:

1. Submit draft copy of Owner’s manuals for review. After review by authorized
representative, the Contractor shall incorporate review comments and submit 6 final
copies.

2. Update manuals with modifications made to system during guarantee period.
Provide replacement pages or supplements in quantity stated above.

3. Assemble Owner’'s manuals into multi-volume sets as necessary and required by the
Owner.

4. Protect each volume with a heavy duty vinyl plastic binder. Volumes to have plastic

printed dividers between major sections and have oversized binders to
accommodate up to ¥2-inch thick set of additional information.

5. Each binder shall show the project name and volume title on front cover and spine.

6. On the first page of each manual identify the project name, manual title, Owner’s
name, Engineer’s name, Contractor's name, address and service phone number,
and person who prepared manual. Provide a detailed table of contents for each
volume of the manuals.

7. Provide a digital copy of the manual on CD-ROM format. Document format shall be
Adobe Acrobat Version 5.0 or later.

B. Operating manual to serve as training and reference manual for all aspects of day-to-day
operation of the system. As a minimum include the following:

Control flow diagram.

Sequence of operation for automatic and manual operating modes. The sequences
shall cross reference the system point names.

Description of manual overrides operation of control points.

System manufacturer’'s complete operating manuals.

Troubleshooting sequence, flow diagram and procedures.

Provide a digital copy of the manual on CD-ROM format. Document format shall be
Adobe Acrobat Version 5.0 or later.

N
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C. Provide maintenance manual to serve as training and reference manual for all aspects of
day-to-day maintenance and major system repairs. As a minimum include the following:

1. Complete as-built installation drawings for each system including locations on plans
of all control devices drawn to scale. As-built drawings shall be submitted in
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AutoCAD format.

2. Overall system electrical power supply scheme indicating source of electrical power
for each system component.

3. Indicate which components are on emergency power and indicate all battery backup
provisions.

4, Overall system shielding and grounding scheme indicating all major components and

ground paths.

5. Photographs and drawings showing installation details and locations of equipment.

6. Charts showing normal operating conditions at significant points such as electrical
test points.

7. Routine preventative maintenance procedures, corrective diagnostic troubleshooting
procedures, and calibration procedures.

8. Parts lists with manufacturer’s catalog numbers and ordering information.

9. Lists of ordinary and special tools, operating materials, supplies and test equipment
recommended for operation and servicing.

10. Manufacturer’s operating set up, maintenance and catalog literature for each piece of
equipment.

11. Recommended spare parts.

12. Field test reports.

13. Provide a digital copy of the manual on CD-ROM format. Document format shall be

Adobe Acrobat Version 5.0 or later.

Provide Programming Manual to serve as training and reference manual for all aspects of
system programming. As a minimum include the following:

Complete programming manuals, and reference guides.

Details of any special software packages and compilers supplied with system.
Information required for independent programming of system.

Documentation on application and DDC programs: Flow charts, equations, and
parameters.

Point schedule; include all points, real and virtual.

Software troubleshooting procedures.

Provide a digital copy of the manual on CD-ROM format. Document format shall be
Adobe Acrobat Version 5.0 or later.
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1.07 QUALITY ASSURANCE

A.

The Contractor shall provide an experienced full-time Project Manager for this work,
responsible for direct supervision of installation and startup of the system.

Comply with all current governing codes, ordinances and regulations, as well as with
requirements of NFPA, UL and all other applicable codes.

1.08 MAINTENANCE

A.

Submit an alternate price to perform complete preventative and emergency maintenance of
the native BACnet BMS for a period of one (1) year in accordance with the Contractor’s
recommended standards and schedule. This price shall be itemized to show material costs
and labor costs. This price shall be based upon work being executed during normal working
hours, but shall include separate emergency callout provisions. Prices submitted should be
based upon current price lists and labor rates, details of which shall be included with the bid
and should be broken out into three categories.

1. Computer hardware and associated equipment
2. Field equipment including DDCs, sensors and final control elements
3. Software and programming

The preventative maintenance contract may be renewed annually, at the option of the Owner,
up to a total term of 10 years. The annual price shall be negotiated 3 months in advance of
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annual contract expiry and shall be at the mutual agreement of both parties. Variation in
annual prices shall reflect only changes in material and labor costs as substantiated by
Federal Guideline Consumer Price Indexes.

WARRANTY

A.

Labor and materials for the control system specified shall be warranted free from defects for a
period of 12 months after final completion and acceptance. Control system failures during the
warranty period shall be adjusted, repaired, or replaced at no additional cost or reduction in
service to the Owner. The Contractor shall respond to the Owner's request for warranty
service within 24 hours during normal business hours.

All work shall have a single warranty date, even when the Owner has received beneficial use
due to an early system startup. If the work specified is split into multi-phase contract, then
each contract or phase shall have a separate warranty start date and period.

At the end of the final startup, testing, and commissioning phase, if equipment and systems
are operating satisfactorily to the Architect and Owner the date of acceptance shall be the
start of pre-warranty endurance test.

Operator workstation software, project-specific software, graphic software, database
software, and firmware updates which resolve known software deficiencies as identified by
the Contractor shall be provided at no charge during the warranty period.

After the above acceptance tests are complete and the system is demonstrated to be
functioning as specified, a thirty-day endurance test period shall begin. If the system
functions as specified throughout the endurance test period requiring only routine
maintenance and adjustment, the system shall be accepted. If during the endurance test
period the system fails to perform as specified and cannot be corrected within eight hours, the
Owner may request that the endurance tests be repeated after problems have been
corrected.

PART 2 — PRODUCTS

2.01 ACCEPTABLE MANUFACTURERS OF DDC SYSTEM
A. The base bid shall be the BACtalk system from Alerton Technologies, Inc. Other
manufacturers may bid based upon meeting all requirements of the specification and
receiving approval from the Architect 30 days prior to bid. A paragraph-by-paragraph
comparison of base bid specified system versus alternative system along with three
references of similar projects (include project name, contact, phone number, location,
consultant, value of contract, and a brief description of the control system and how it
operates) shall be submitted 45 days prior to bid for review process. If approved, other
manufacturer's bids shall be shown as an add or deduct on the bid form.
B. Alerton Technologies
C. Siemens Building Technologies
D. Automated Logic
E. Invensys
2.02 CENTRAL CONSOLE
A. Provide a central operator’'s console to include as a minimum:
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Personal computer

Color graphics display terminal
Printer (alarm and logging)
UPS

External hard Drive

B. Assemble console equipment in a console configuration that allows operator access to all
console equipment from one position.

2.03 PERSONAL COMPUTER OPERATOR’S WORK STATION (PC)

A. The computer shall be an IBM compatible US EPA certified Energy Star PC with the following
provided:
1. Input/output ports and expansion slots: Five PCI Slots, one 4X AGP Slot, one

parallel port, 4 USB-2 ports, two serial ports, one video port, audio in and out,
microphone in, one keyboard and one mouse port.

2. Intel Pentium — Intel Pentium® 4, 2.0 GHZ microprocessor.

3. 3GB Dual Channel DDR2 RAM® of random access memory.

4. Hard disk drive
a. 500GB ATA-66/100 IDE (7200 rpm) hard drive.

b. 500GB external hard drive
(1) External hard drive shall be configured to automatically backup the
primary hard drive.

5. Logitech® First Mouse™ with 2 buttons and scroll wheel.

6. 21 inch LCD color display monitor with Energy Star rating, digital controls:

a. Diagonal viewable area: 20 inches minimum
b. Resolution: 2048 by 1536 / 75 Hz (multiscan)

7. Graphics card: 128MB SDRAM or approved equal.

8. DVD-Record Drive.

9. Keyboard: 101-key typewriter-like keyboard with special function keys “F1” through
“F12” and numeric keyboard. Keys to have tactile feedback. Include rubber wrist
rest pad. Microsoft or equal.

10. Color ink jet printer: 2800 by 700 dpi black and white resolution, 5 pages per minute
with a 150 sheets of 11-inch by 17-inch sheet feeder, and printer cable. All change-
of-state reporting, system logs, information summaries, system malfunctions and
alarms shall be printed at this terminal. HP 1220 C/PS series or approved equal.

11. Provide an internal V.90 56,600 baud fax-modem with software for remote
communications.

12. Sound card/speakers: SoundBlaster Live! Value audio card, Harmon/Kardon
Speakers.

13. Software: Microsoft® Office 2000 Small Business Edition, Windows 2000®CD with
latest service pack.

14, PC work station shall be Dell Precision ® WorkStation or Equal.

15. The performance of the PC shall meet or exceed the recommendations of the
software manufacture. If the recommended performance exceeds those listed in 23
09 00 - 2.03 the higher performance requirement shall have precedence.

B. Uninterruptible Power Supply (UPS): Shall operate the PC and all peripherals for 30 minutes

in the event of a failure of a power failure. UPS shall provide instantaneous backup power
during blackouts and brownouts, lightning and surge protection tested to UL 1449, and
network-grade line conditioning and two EMI/RFI filters.
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2.04 LOCAL OPERATOR’S TERMINAL (LOT)

A.

Provide portable terminal(s) to allow local programming, control and monitoring at each DDC
panel.

Provide one (1) portable LOT which can be connected to any DDC panel.
The portable LOT shall meet the following requirements:

1. Portable Operator's Terminal. Furnish a LOT that shall be capable of accessing all
system data. Also provide a network connection tool that shall allow technician to
connect a laptop PC to any MS/TP network or at any MS/TP device and view and
modify all information throughout the entire BACnet network. Laptop PC connection
to tool shall be via Ethernet or PTP. The Portable Operator's Terminal shall be an
IBM compatible notebook-style PC including all software and hardware required.
The PC shall contain at minimum:

Pentium® 4 Processor, 1.6 GHz with 13.3-inch TFT XGA Display
1 GB of RAM

250 GB hard drive

Wi-Fi Ethernet

Modem and NIC card: Ethernet 10/100 plus Modem 56

CD-RW drive

Touch-pad or other internal pointing device

4 USB-2 ports, one serial port

Audio in and out

Dell Latitude or equal

T TSe@meoa0 o

2.05 NATIVE BACNET DIRECT DIGITAL BUILDING CONTROLLER

A.

Native BACnet DDC Building Controllers shall be completely self-contained, field
programmable, real time 32-bit microprocessor based controllers.

DDC application programs shall be resident in the DDC. Once downloaded, a DDC shall not
require further communication with the CPU except for data base changes, operator
commands, and requests from the CPU for DDC data.

The Building Controller shall comply with Annex J of the BACnet specification for IP
connections. This device shall use Ethernet to connect to the IP network, while using the
same Ethernet LAN for non-IP communications to other BACnet devices on the LAN. Must
support interoperability on wide area networks (WANs) and campus area networks (CANS)
and function as a BACnet Broadcast Management Device (BBMD).

Building Controller shall as a minimum support Point-to-Point (PTP), MS/TP and Ethernet
BACnet LAN types. It shall communicate directly via these BACnet LANs as a hative BACnet
device and shall support simultaneous routing functions between all supported LAN types.
Global controller shall be a BACnet conformance Class 3 device and support all BACnet
services necessary to provide the following BACnet functional groups:

Clock Functional Group

Files Functional Group

Reinitialize Functional Group

Device Communications Functional Group
Event Initiation Functional Group

aghrwNPE

Provide current and voltage limiting devices at communications network cable connection.

Provide power supplies with transient power line surge protection.
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G. Supply a minimum of 72 hours of battery backup for the random access memory and real
time clock. Provide automatic restart and battery recharging upon restoration of power.

H. Provide floor mounted or wall mounted cabinet with full front-hinged door, locking handle with
master key and non-glare baked enamel finish. Each DDC shall contain a clear plastic
encased control diagram showing associated controls.

l. Provide the manufacturer's standard enclosure except if location requires additional
protection due to potential vandalism, environmental conditions or any other reason. Take alll
necessary precautions to protect the DDC and related components, including:

1. Using suitable NEMA enclosure
2. Heavy-duty key locks
J. Capabilities:
1. Stand-Alone Capability: If PC or communications network malfunctions, each DDC

shall continue to control, monitor and have the ability to be accessed and
programmed via the LOT.

2. Degraded Mode: If failure of a sensor or system component causes information
critical to a DDCs program to be lost, default values or subroutines shall
automatically be used to approximate critical information to ensure continued control.

3. Networking: Each DDC shall share point information with other DDCs on the same
data network.

4. Real time operating system shall execute a of time-of-day scheduling and other time
based functions.

5. Unauthorized access to hardware or software programs shall be accomplished by a

password or cabinet lock. In the locked or unauthorized position, the operating
characteristics of the DDC cannot be changed, although inputs, outputs and set point
values can be displayed. In the unlocked or authorized position, the ability to change
the DDC program shall be unhindered.

6. Alarm processing shall include: Change of state, flow proof, high and low analog
limits, and setpoint deviation. Provide at least two levels of alarm priority.
7. The DDC programming language shall be designed for Building Automation and

Control applications and shall be capable of performing the following control
algorithms: Floating; Proportional (P) direct and reverse acting; Proportional plus
Integral (PI); Proportional Integral plus Derivative (PID); Anti-integral wind up;
Cascade; programmed interlock logic; deadband switching and control; incremental
control.

8. All communication with operator workstation and all application controllers shall be
via BACnet. Building controller shall incorporate as a minimum, the functions of a 3-
way BACnet router. Controller shall route BACnet messages between the high-
speed LAN (Ethernet 10/100MHz), at least 4 master slave token passing (MS/TP)
LANSs, a point-to-point (PTP — RS-232) connection and an on-board modem.

a. Each MS/TP LAN shall be software configurable from 9.6 to 76.8Kbps.

b. The RJ-45 Ethernet connection shall accept either 10Base-T or 100Base-TX
BACnet over twisted pair cable (UTP).

C. The direct access port shall be a female DB-9 connector supporting BACnet

temporary PTP connection of a portable BACnet operator terminal at 9.6 to
115.2 Kbps over RS-232 null modem cable.

K. DDC Configuration:
1. Points used in the same control loop or algorithm shall be connected to the same
DDC.
2. Spare Capacity: Allow for 10 percent increase of each point type per DDC location,

or a minimum of two of each point type per DDC location whichever is greater.
Addition of points shall require only programming, control devices and wiring.

10/15/08 PKG 3 BID SET BUILDING MANAGEMENT SYSTEM COWPERWOOD
392-504 FLACK + KURTZ 230900-12 BATTELLE



2.06

2.07

3. Programming shall be object-oriented using control function blocks, supporting DDC
functions, 1000 Analog Values and 1000 Binary Values. All flowcharts shall be
generated and automatically downloaded to controller. Programming tool shall be
resident on workstation and the same tool used for all controllers.

4, Building controller shall provide a global control strategy for the system based on
information from any objects in the system regardless if the object is directly
monitored by the controller or by another controller. The program that implements
these strategies shall be completely flexible and user definable. Any systems
utilizing factory pre-programmed global strategies that cannot be modified by field
personnel on-site or downloaded via remote communications are not acceptable.
Changing global strategies via firmware changes is also unacceptable.

NATIVE BACNET CUSTOM APPLICATION CONTROLLERS (CAC)

A.

General: Provide an adequate number of native BACnet Custom Application Controllers to
achieve the performance specified in the Part 1 of this section on system performance. Each
of these controllers shall meet the following requirements.

1. The Custom Application Controller shall be native BACnet and have sufficient
memory to support its operating system, database, and programming requirements.

2. Data shall be shared between networked Custom Application Controllers.

3. The operating system of the Controller shall manage the input and output

communication signals to allow other distributed controllers to share real and virtual

object/point information, and allow central monitoring and alarms.

Controllers that perform scheduling shall have a real-time clock.

The Custom Application Controller shall continually check the status of its processor

and memory circuits. If an abnormal operation is detected, the controller shall

operate under a predetermined failure mode and generate an alarm notification to

the BMS network.

S

Environment:

1. Controller hardware shall be suitable for the anticipated ambient conditions.

2. Controllers used outdoors and/or in wet ambient conditions shall be mounted within
waterproof enclosures, and shall be rated for operation at -40 degrees F to 150
degrees F.

3. Controllers used in conditioned space shall be mounted in dust-proof enclosures,
and shall be rated for operation at 32 degrees F to 120 degrees F.

Keypad: A local keypad and display shall be provided for interrogating and editing data. A
system security password shall be available to prevent unauthorized use of the keypad and
display.

Serviceability: Provide diagnostic LEDs for power, communication, and processor. All wiring
connections shall be made to field-removable, modular terminal strips or to a termination card
connected by a ribbon cable.

Memory: The Custom Application Controller shall maintain all BIOS and programming
information in the event of a power loss for at least 72 hours.

Immunity to power and noise: Controller shall be able to operate at 90 percent to 110 percent
of nominal voltage rating and shall perform an orderly shutdown below 80 percent nominal
voltage. Operation shall be protected against electrical noise of 5 to 120 Hertz and from
keyed radios up to 5 watts at 3 feet.

NATIVE BACNET APPLICATION SPECIFIC CONTROLLERS

A.

General: Application Specific Controllers (ASCs) are microprocessor-based native BACnet
DDC controllers, which through hardware or firmware design are dedicated to control a
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specific piece of equipment. ASCs shall be user-programmable, and customized for
operation within the confines of the equipment they are designed to serve. Application
Specific Controllers shall communicate with other controllers on the internetwork.

B. Each ASC shall be capable of standalone operation and shall continue to provide control
functions without being connected to the network.

C. Each ASC shall contain sufficient 1/0O capacity to control the target system.
D. Communication:
1. The controller must reside on a BACnet network using the MS/TP Data Link/

Physical layer protocol. All controllers shall interface to building controller via MS/TP
LAN using BACnet protocol. No gateways shall be used. Controllers shall include
input, output and self-contained logic program as needed for complete control of unit.

2. Each controller shall have compatible connection for a LOT or a portable operator's
tool. This connection shall be extended to a space temperature sensor port where
shown.

E. Environment:

1. The hardware shall be suitable for the anticipated ambient conditions.

2. Controllers used outdoors and/or in wet ambient conditions shall be mounted within
waterproof enclosures, and shall be rated for operation at -40 degrees F to 150
degrees F.

3. Controllers used in conditioned space shall be mounted in dust-proof enclosures,

and shall be rated for operation at 32 degrees F to 120 degrees F.

F. Serviceability: Provide diagnostic LEDs for power, communication, and processor. All wiring
connections shall be made to field-removable, modular terminal strips or to a termination card
connected by a ribbon cable.

G. Memory: The Application Specific Controller shall use non-volatile memory and maintain all
BIOS and programming information in the event of a power loss.

H. Immunity to Power and Noise: Controllers shall be able to operate at 90 percent to 110
percent of nominal voltage rating and shall perform an orderly shutdown below 80 percent.
Operation shall be protected against electrical noise of 5-120 Hertz and from keyed radios up
to 5 watts at 3 feet.

l. Transformer: Power supply for the ASC shall be rated at minimum of 125 percent of ASC
power consumption, and shall be fused or current limiting type.

J. Hardwired inputs and outputs shall tie into the system through building, custom application, or
application specific controllers.

K. The ASC shall provide the following information either on the PC or the LOT unit.
1. Space temperature/humidity
2. Space temperature set point(s) for heating and cooling
3. Minimum primary air set point
4, Maximum primary air set point
5. Valve and damper positions in percent open
6. Air volume in cubic feet per minute
7. Fan status for fan powered terminal unit (if applicable)
8. Control parameters (deadbands, PID gains, etc.)
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2.08 INPUT AND OUTPUT INTERFACE

A. All input points and output points shall be protected such that short circuiting of the point to
itself or to another point, or to ground will cause no damage to the controller. All input and
output points shall be protected from voltage up to 24 volts of any duration, such that contact
with this voltage will cause no damage to the controller. Inputs and outputs shall be arranged
on interchangeable modules or circuit boards to allow the replacement of a damaged module
or board without replacing the entire controller.

B. Binary inputs shall allow the monitoring of On/Off signals from remote devices. The binary
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2.10

inputs shall provide a wetting current of at least 12 milliamps to be compatible with commonly
available control devices, and shall be protected against the effects of contact bounce and
noise. Binary inputs shall sense “dry contact” closure without external power (other than that
provided by the controller) being applied.

Pulse Accumulation Input Objects: This type of object shall conform to all the requirements of
binary input objects, and also accept up to 10 pulses per second for pulse accumulation.

Analog inputs shall allow the monitoring of low-voltage (0 to 10 volts DC), current (4 to 20
milliamps), or resistance signals (thermistor, RTD). Analog inputs shall be compatible with,
and field-configurable to commonly available sensing devices.

Binary outputs shall provide for On/Off operation, or a pulsed low voltage signal for pulse
width modulation control. Binary outputs on Building and Custom Application Controllers
shall have three-position (On/Off/Auto) override switches and status lights. Outputs shall be
selectable for either normally open or normally closed operation.

Analog outputs shall provide a modulating signal for the control of devices. Outputs shall
provide either a 0 to 10 volts DC or a 4 to 20 milliamp signal as required to provide proper
control of the output device. Analog outputs on Building or Custom Application Controllers
shall have status lights and a two-position (AUTO/MANUAL) switch and manually adjustable
potentiometer for manual override. Analog outputs shall not exhibit a drift of greater than 0.4
percent of range per year.

Tri-State Outputs: Provide tri-state outputs (two coordinated binary outputs) for control of
three-point floating type electronic actuators without feedback. Use of three-point floating
devices shall be limited to zone control and terminal unit control applications (VAV terminal
units, duct mounted heating coils, zone dampers, radiation, etc.). Control algorithms shall run
the zone actuator to one end of its stroke once every 24 hours for verification of operator
tracking.

Input/Output points shall be universal type, i.e., controller input or output may be designated
(in software) as either a binary or analog type point with appropriate properties. Application
Specific Controllers are exempted from this requirement.

POWER SUPPLIES

A

Control transformers shall be UL listed. Furnish Class 2 current-limiting type, or furnish over-
current protection in both primary and secondary circuits for Class 2 service per NEC
requirements. Limit connected loads to 80 percent of rated capacity.

DC power supply output shall match output current and voltage requirements. Unit shall be
full-wave rectifier type with output ripple of 5.0 millivolt maximum peak-to-peak. Regulation
shall be 1.0 percent line and load combined, with 100 microsecond response time for 50
percent load changes. Unit shall have built-in over-voltage and over-current protection, and
shall be able to withstand a 150 percent current overload for at least 3 seconds without trip-
out or failure.

Unit shall operate between 0 and 50 degrees C. EM/RF shall meet FCC Class B and VDE
0871 for Class B, and MIL-STD 810C for shock and vibration.

SENSORS AND CONTROL DEVICES

A.

General:

1. Provide sensors and control devices, as specified, indicated on mechanical plans,
control flow diagrams and as required to meet specified performance. Where
performance specifications exceed capabilities of hardware specified, performance
governs. The installation of such devices, if not specifically indicated, shall be the
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responsibility of the Contractor.

2. Equip analog sensors with industry standard 4 to 20 milliamp transmitters with built-
in circuit protection against reverse polarity and supply voltage transients. The
transmitters shall be matched to the sensing element and compatible with the DDC
Building Management System.

3. All sensor/transmitters assemblies shall be factory calibrated.

4, All sensor wiring, analog or digital, input or output shall be capable of sharing single
conduit runs without affecting signal performance. All signal wiring shall also be
capable of sharing single conduit runs with switched AC of 120 or 277 volts.

5. The sensor range and type shall be suitable to the application.

6. Minimum contact rating of relays and switches shall be 10 amperes, 110 volts
resistive.

7. Relays shall have an LED indicator light to show when coil is energized.

8. Devices shall be UL listed for electrical safety where applicable.

9. All components of sensors exposed to process shall be rated to withstand 150

percent of maximum process temperature and pressure.

B. Thermowells: Provide Type 316 stainless steel thermowells for each immersion type
temperature sensor and switch. Thermowells shall have extension for pipe insulation and
threaded connection to pipe. Threaded connection shall be a minimum of ¥%-inch nominal
pipe thread. Maximum insertion length shall be 6 inches or 75 percent of the pipe diameter
whichever is smaller.

C. Temperature Sensors:
1. Temperature sensor assemblies shall consist of a 100 or 1,000 ohm platinum RTD

sensor and a solid state, 2-wire, 4- to 20-milliamp transmitter protected in a housing
suitable for the environment in which it is installed.

2. Acceptable Manufacturers: Weksler Model T4, Weiss Model EN or acceptable
equivalent.

3. Sensor accuracy shall be plus or minus 1.0 degree F except for chilled water
temperature applications the accuracy shall be plus or minus 0.5 degrees F.

4, Sensors for mixed air and coil discharge applications and for fan discharge

applications in systems over 5,000 cubic feet per minute shall be averaging type
sensors. Probe lengths shall be minimum one linear foot per four square feet of duct
or coil area or equal to duct, plenum or AHU casing width where installed, whichever
is longer.

5. Outside air sensors:

a. Outdoor air sensors shall be protected from the effects of solar radiation and
vandalism.

b. Outdoor air sensors shall installed sufficiently far from building exhaust so at
to prevent any temperature influences.

6.

D. Humidity Sensors:

1. Humidity sensor assemblies shall consist of a capacitive or bulk polymer type sensor
and a solid state four to twenty milliamp transmitter protected in a housing suitable
for the environment where it is installed.

2. Provide low profile sensor housing 1-inch diameter by 0.35-inch thick.

3. Performance:

a. Accuracy at 77 degrees F: plus Por minus 1 percent relative humidity over a
range of 20 to 95 percent relative humidity including hysteresis, linearity and
repeatability.

b. Temperature effect: Less than 0.06 percent per degree F.

C. Sensitivity: 0.1 percent relative humidity.
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Hysteresis: Less than 1 percent.

Sensor interchangeability: Plus or minus 3 percent nominal.

Air velocity: 10,000 feet per minute maximum.

Output: 4 to 20 milliamps, isolated, loop-powered into 0 to 99 ohms.
Long term stability: Less than 1 percent drift per year.

se~oo

4, Provide cable to transmitter as required. Locate transmitter in an accessible
location.

5. Acceptable manufacturers: General Eastern, Vaisala.

E. Flow Transmitter Assembly — Water (Ultrasonic):

1. Insertion style magnetic flow sensor that features no moving parts.

2. Constructed of corrosion-resistant materials to provide long-term reliability with
minimal maintenance costs.

3. Covers a range in pipe sizes ranging from DN15 to DN300 (0.5 to 12 inches)

4, Output options of frequency/digital (SsL), 4 to 20 mA or relays which are available on
both the blind and display versions.

5. The frequency or digital (SsL) sensor output shall be used with Signet’'s extensive
line of flow instruments while the 4 to 20mA output can be used for a direct input to
PLCs, chart recorders, etc.

6. Both the 4 to 20 mA output and digital (SsL) sensor interface is available for long
distance signal transmission of up to 1,000 ft.

7. Empty pipe detection which shows a zero flow output when the sensors are not
completely wetted.

8. Frequency output is bi-directional while the 4 to 20mA output can be set for uni- or
bi-directional flow using the display or the RS232 set-up tool which connects to PCs
for programming capabilities.

9. Flow rate range: 0.05 to 10 m/s (0.15 to 33 ft/s)

10. Acceptable Manufacturers: Signet 2551 Magmeter Flow Sensor

F. Flow Measuring Probe — Air (Thermal):

1. Probe shall consist of a thermistor or platinum RTD type air measuring station with a
low resistance copper or aluminum frame containing an array of sensors spaced four
per square foot as per ASHRAE standards, with a solid-state, 4- to 20-milliamp
transmitter.

2. The probe shall be factory calibrated and field installed to an accuracy of plus or
minus 2 percent of airflow over a range of 200 to 3000 feet per minute. Repeatability
shall be plus or minus 0.25 percent.

3. All electronics shall be housed in a NEMA 1 enclosure and mounted in accordance
with manufacturer's recommendations.

4. Acceptable Manufacturers: Ebtron (Gold Series).

G. Pressure Transmitter Assembly — Air Streams:

1. The assembly shall consist of a pressure sensor and a solid-state, 2-wire, 4- to 20-
milliamp transmitter contained in a housing suitable for duct mounting.

2. The assembly shall be factory calibrated and field installed to an accuracy of plus or
minus 0.05 inches water gauge over a range of 0 to 4 inches water gauge.

3. Probe: 8-inch pitot tube, brass.

4, Acceptable Manufacturers: Brandt, Setra, Air Monitor.

H. Differential Pressure Transmitter Assembly — Water:

1. Assembly shall consist of a differential pressure sensor and an electronic 2-wire, 4-
to 20-milliamp transmitter assembly enclosed in a gasketed, dust and watertight
case. All body cavities open to the process fluid shall be provided with drain ports at
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the cavity bottom and vent ports at the top of the cavity. Both drain and vent ports
shall be minimum %z-inch nominal pipe thread.

2. The transmitter shall be 24-volt DC powered and capable of sustaining up to 50 psig
differential pressures in either direction, up to the body rating without damage of the
instrument, loss of accuracy, or zero shift. Minimum pressure rating: 200 psig.

3. The transmitter shall be fully compensated for both process and ambient
temperature variations. The transmitter shall be furnished complete with input
gauges and factory mounted 3-valve manifold.

4, Accuracy: Plus or minus 1 percent of full range.

5. Repeatability: 0.5 percent.

6 Acceptable Manufacturers: Mamac PR-282 or acceptable equivalent.

l. Demand Control Ventilation Sensor:

1. CO, Sensors and Transmitters: Provide a self-compensating, return air duct
mounted CO, transmitter with an industry standard, 4-20 ma output signal.
Measurement range to be 0 to 2000 ppm with an accuracy of + 20ppm + 1 percent of
reading and a stability of <5 percent in 5 years. Locate the sensors to be as shown
on the drawings. Transmitter shall be by Vaisala — GMD20 Series.

J. Current Sensing Switches:

1. Current switches shall produce a digital signal corresponding to the current draw of
the device being monitored, and such signal shall be scaled in amperes. Current
switches shall incorporate an automatic adjustment feature and be sized such that
the rated current of the device to be monitored is between 20 percent and 80 percent
of the maximum current transducer. Current measurement precision shall be + 0.1
amp, and a current accuracy shall be + 2 percent of range. Veris or equal.

2. Current sensing switches shall be calibrated to show a positive run status only when
the motor is operating under load. A motor running with a broken belt or coupling
shall indicate a negative run status.

3. Current switches used for VFD applications shall automatically calibrate using micro
processor technology and shall detect belt loss from 35-60Hz on VFD applications;

K. Differential Pressure Switch — Liquid:
1. Provide completely enclosed contact mechanism.
2. Switch differential setpoint shall be adjustable without removing the cover.
3. Maximum differential pressure of 200 psig.
4, Maximum low side pressure of 180 psig.
5. Bellows shall be stainless steel.
6. Acceptable Manufacturers: JCI/Penn Model P74, Barksdale EPDI or acceptable
equal.
L. Differential Pressure Switch — Air:
1. Provide diaphragm operator to actuate a single-pole double-throw snap-acting
switch. Operating point shall be adjustable. Range shall suit application.
2. High and low sensing ports shall be 1/8-inch nominal pipe thread connected to angle
type tips designed to sense pressure.
3. Switches used for fan shutdown shall be manual reset type.
4, Acceptable Manufacturers: Cleveland Controls Model AFS 3152 or acceptable
equal.
M. Damper End Switch:
1. Provide oil-tight, roller type, single pole double throw snap-acting switch. Mechanism
to provide ample overtravel to prevent stress on damper and control equipment.
2. Acceptable Manufacturers: Furnas Electric, Allen Bradley, Telemechanique.
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N.

Low Limit Thermostat: Shall have a 20-foot flexible vapor charged element. When
temperature sensed by any 12-inch segment of the element falls below setpoint (usually 35
degrees F), thermostat shall operate double-pole double-throw manual reset contacts.

2.11 AUTOMATIC DAMPERS

A.

G.

Provide automatic dampers as indicated on Drawings as either automatic dampers or
automatic louver dampers.

Dampers shall be low leakage type, with published AMCA certified leakage data. Leakage
through a 48-inch by 48-inch damper at 4 inches water gauge pressure difference shall be
less than 6.2 cubic feet per minute per square foot of damper.

Damper blades and frames shall be fabricated from extruded aluminum, reinforced for rigidity.

Blades shall be of airfoil design with full-length edge seals with inflatable pockets to enable
air pressure from either direction to assist in blade seal off. Edge seals shall be mechanically
locked to the blades locked without the use of cement but easily replaceable in the field.
Edge seal material shall meet all local codes and requirements of city officials. Bearings shall
be non-corrosive and axles shall provide positive locking connection to blades and linkage.
Blades mounted vertically shall be supported by thrust bearings. Jamb seals shall be
aluminum, flexible compression type.

Dampers used for modulating control application shall be of opposed blade configuration and
dampers used for open/closed applications shall be parallel blade type.

Dampers shall have a maximum blade length of 48 inches and a maximum blade width of 8
inches. The maximum height of each damper section shall be 72 inches. Where greater
length or height is required, provide an assembly of multiple damper sections.

Install damper actuators of sufficient quantity and size to limit leakage to specified rate.
Damper assemblies consisting of multiple damper sections shall be provided with a minimum
of one damper actuator per section or be connected with an approved jack-shafting
arrangement.

Acceptable Manufacturers: Ruskin, Pottorff, Air Balance, Johnson Controls.

2.12 HEAVY DUTY INDUSTRIAL AUTOMATIC DAMPERS

A.

Provide heavy-duty automatic dampers as indicated on Drawings for variable volume
manifolded laboratory fume exhaust systems bypass pressure control.

Dampers shall be rated at 4,000 feet per minute duct velocity. Leakage through a 60-inch
wide damper at 12 inches water gauge pressure difference shall be less than 4.0 cubic feet
per minute per square foot of damper.

Damper blades and frames shall be fabricated from 14-gauge Type 316 stainless steel.
Blades shall be of airfoil design with full-length EDPM edge seals. Edge seals shall be
mechanically locked to the blades locked but easily replaceable in the field. Bearings shall be
stainless steel sleeve bearings in cast housing bolted to the frame. Axles shall be Type 316
stainless steel, ¥2-inch diameter. Jamb seals shall be compression type.

Dampers shall be of opposed blade configuration.
Install damper actuators of sufficient quantity and size to limit leakage to specified rate.
Damper assemblies consisting of multiple damper sections shall be provided with a minimum

of one damper actuator per section.

Acceptable Manufacturers: Ruskin Model CD80AF2 or equal.
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2.13 MODULATING AIRFLOW MONITOR DAMPER

A.

E.

Provide integral air monitor and damper to control the minimum amount of outside air.
Damper shall be mounted in an aluminum frame. Damper blades shall be heavy gauge
aluminum airfoil type with “neoprene” equivalent blade edge seals. Jamb seals shall be
flexible metal compression type.

Air monitor damper shall incorporate an air straightener section to ensure proper airflow
readings.

Air monitor damper shall be provided with a 24-volt AC modulating motor and an application
specific digital controller designed for the damper and provided by the damper manufacturer.
Airflow damper shall be calibrated in an AMCA laboratory and calibration certification shall be
included with the damper.

The damper application specific controller shall provide a 0-10 volt DC output representative
of actual airflow. The controller shall accept a 0-10 volt DC input from the BMS representing
a cfm flow setpoint adjustment.

Acceptable Manufacturers: Ruskin Model IAQ50 damper or equal.

2.14  AUTOMATIC VALVES

A.

Automatic control valves shall be globe type with modulating plug, throttling guides,
replaceable seats and discs, and stainless steel stems.

Valves 2-inch and smaller shall have bronze bodies with screwed ends. Valves 2Y¥2-inch and
larger shall have iron bodies with flanged ends.

Valve body rating shall be equal or greater than the piping in which it is installed and the
valve shall be rated for operation against the minimum system differential pressure.
Rangeability shall be at least 40 to 1 or as required to provide proper control. Leakage shall
not exceed 0.1 percent for single seated valves and 1 percent for double-seated valves.

Characteristics:

1. Chilled Water Service: Equal percentage flow characteristics, single seated type.
2. Isolation Service: Linear flow characteristics. Single or double seated.

Valve Action:

1. Cooling valves normally closed.

2. Or as noted or specified.

Size valves to meet the coil loads as specified and as follows:

1. 2-Position Valves: Line size unless noted.

2. Water Service: Maximum pressure drop shall be equal to the pressure drop of the
associated coil or exchanger, or 5 pounds per square inch whichever is greater.

3. Cooling Tower Bypass Valves: Sized according to pressure available.

4, Chilled Water Service: Where load exceeds capacity of 4-inch control valve provide

two valves piped in parallel and operating in sequence. The larger valve shall have a
coefficient of flow (Cv) that is between 2 and 3 times larger than the smaller valve.

2.15 AUTOMATIC ELECTRIC DAMPER/VALVE ACTUATORS

A. The actuator shall have electronic overload or digital rotation sensing circuitry to prevent
damage to the actuator throughout the rotation of the actuator.
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L.

Where shown, for power-failure/safety applications, an internal mechanical, spring-return
mechanism shall be built into the actuator housing.

All rotary spring-return actuators shall be capable of both clockwise and counter-clockwise
spring-return operation. Linear actuators shall spring-return to the retracted position.

Proportional actuators shall accept a 0- to 10-volt DC or 0- to 20-milliamp control signal and
provide a 2- to 10-volt DC or 4- to 20-milliamp operating range.

All 24-volt AC/VDC actuators shall operate on NEC Class 2 wiring and shall not require more
than 10 volt-amps for AC or more than 8 watts for DC applications. Actuators operating on
120 volts AC or 230 volts AC shall not require more than 11-volt-amps.

All non-spring-return actuators shall have an external manual gear release to allow manual
positioning of the damper when the actuator is not powered. Spring-return actuators with
more than 60 inch-pounds torque capacities shall have a manual crank for this purpose.

All modulating actuators shall have an external, built-in switch to allow the reversing of
direction of rotation.

Actuators shall be provided with a raceway fitting and a minimum 1m electrical cable and
shall be pre-wired to eliminate the necessity of opening the actuator housing to make
electrical connections.

Actuators shall be UL Standard 873 Listed and CSA Class 4813 02 Certified as meeting
correct safety requirements and recognized industry standards.

Actuators shall be designed for a minimum of 60,000 full-stroke cycles at the actuator's rated
torque.

Actuators shall have visual mechanical position indication, showing output shaft and valve
position. The actuator shall be capable of operating the valve from the fully closed to the fully
open position and vice versa in less than 60 seconds.

Acceptable Manufacturers: Siemens, Belimo Aircontrol.

216 BUTTERFLY VALVES

A. Butterfly valves are permitted for use for two-position operation on low temperature water
applications only.

B. All butterfly valves shall be of the full lug body style with lugs drilled and tapped and have drip
tight shutoff capabilities in either direction up to and including maximum system working
pressure. Butterfly valves shall be capable of closing tight after long periods of inactivity.

C. All valves shall be suitable for use with ANSI Standards flanges. Bodies shall be semi-steel
or cast iron.

D. Valves shall provide tight shutoff up to the full valve rating on dead end or isolation service
without the use of downstream flanges.

E. All valves shall be furnished with self-lubricated bronze bearings. Shafts seals shall be
provided to prevent leakage and to protect bearings from internal or external corrosion.

F. Seats shall be of the reinforced resilient type (or retained seat on high performance valves)
and shall also act as a body liner to prevent flow from contracting the body casting. Resilient
seats shall have flange sealing lips to provide a positive seal without use of flange gaskets.
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2.17

2.18

2.19

2.20

J.

Seats shall be Nordel suitable for use with HVAC water to 250 degrees F. Shafts shall be
one piece, machined from Type 416 stainless steel, finish ground and polished to minimize
bearing and shafts seal wear. Shafts of 8-inch and larger valves shall have a non-adjustable
thrust collar.

Discs shall be semi-steel with welded nickel edge. The disc-to-shaft connections shall be
type 316 stainless steel. Pins, shaft and disc of all valves shall be individually machined and
completely interchangeable.

Valves shall be line size unless otherwise noted on Drawings.

Acceptable Manufacturers: Bray

FIBER OPTIC CABLE SYSTEM

A.

Optical Cable: Optical cables shall be duplex 900-millimeter tight-buffer construction
designed for intra-building environments. The sheath shall be UL Listed OFNP in accordance
with NEC Article 770. The optical fiber shall meet the requirements of FDDI, ANSI X3T9.5
PMD for 62.5/125 millimeter.

Connectors: All optical fibers shall be field-terminated with ST type connectors. Connectors
shall have ceramic ferrules and metal bayonet latching bodies.

SERVICE KIT

A.

Provide three service kits for use by Owner in testing and making minor service adjustments
to the system. Include as a minimum:

1. All specialized nonstandard tools and adapters and fittings required for operating,
maintaining, testing and adjustment of the system.

2. Keys for thermostats and humidity control, two per kit.

3. Lubricant required for automatic valves and automatic dampers, one year supply.

SPARE PARTS

A.

Provide to the Owner 1 spare part for every 20 installed, but not to exceed 5 spares:
1. Excluding
Controllers

a
b. Valve Bodies
C. Dampers

SOFTWARE

A.

General:

1. Fully implement, optimize, and commission all software described under this
paragraph and required for a complete operable system.

2. Although “Program” implies software, hardware solutions may be acceptable after
review and approval of authorized representative. Such differences shall be
considered deviations and presented as such.

3. Software programs are described as to general intent. It is recognized that BMS
contractors’ software differ; however, the programs that are provided shall
incorporate the features described.

4, Each point shall be identified in software with a unique point name of not less than 8
alphanumeric characters. Point names shall be logically and consistently coded to
allow identification of the point location (e.g., Building, MER), associated HVAC
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system (e.g., AHU-1, Chiller-2), and point function (e.g., supply temp, freezestat) as
a minimum. Coordinate point naming convention with Owner

B. Executive Software:
1. The executive software shall include all programs required for systems, applications,
peripheral devices and communications networks.
2. Restrict user software modifications to insure system security. User access to the

executive software shall be provided as follows:

a. Ability to switch failing output devices to another device without loss of data
or otherwise handle device failures (e.g., jammed printers).
b. Ability to modify the priorities and scheduling of application programs.
C. Ability to add or delete peripheral devices.
3. Provide diagnostic programs to report and display DDC system failures at the

Operator’s console both on video display and printer. Provide on-line error detection
and messages for the discs, power supplies, CPUs, communications boards, and
peripherals. Upon failure of a video display system, the system shall be operable
using the printers and keyboard.

4, Provide a software time clock which shall display date, time information where
required to resolution of one second and otherwise supply data to programs at
resolution of 0.1 seconds; display real time clock in 12 hours or 24 hours format and
date. Time and date shall be resettable by mouse or keyboard entry.

5. Peripheral Equipment Selection:
a. Provide peripheral equipment selection control to apportion data to
peripheral console as required (e.g., alarms to alarm printer).
b. Apportionment of data and control functions shall be a programmable

function by an authorized operator at any console. Initialization of the
apportionment of data shall be according to the description of the functional
requirements stated under each console description. Contractor shall
provide all software and programming time required to initialize the system.
Submit initial apportionment for all monitored and control functions for
review prior to final programming.

C. The graphics display shall allow simultaneous operator interaction and alarm
indication in separate on-screen windows.

6. System Access Control: Provide a minimum of three levels of access using
selectable passwords to the system software. Each higher level will increase the
allowed interaction by the user. Each password must be entered by the operator to
access a particular level of system operation. The password shall not be displayed
or printed. Each password shall be unique for each operator.

7. The system shall observe the following command priorities (from highest to lowest):

a Smoke Control and Life Safety
b. Manual Operator Command

c Energy Management

d Automatic Control

C. Operator Interface Program:

1. Provide Microsoft Windows© compatible software as the operator interface with the
BMS for defining and selecting points, parameters, report generation, graphics, time
schedules and all functions associated with day-to-day operation of the system.

2. Provide software to notify the operator of the occurrence of an alarm condition. All
alarm messages displayed on the video terminal, on the local printer, and on the
remote printer shall be in simple English-language format. System shall print and
sound an audible alarm at each occurrence. Operator acknowledgement shall
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silence the audible alarm. System shall print upon return to normal.
3. Report generation software shall be provided to present system information in an
organized manner:

a. System Point Log: A log for each system shall include all points required for
operation and monitoring of the system. Do not include points used in
intermediate calculations and program logic or points used for system tuning
and set up.

b. Display for each point: Point Name, Point Description, Current Value,
Engineering Units, Alarm Status and Command Priority.

C. Application program logs: Log for each program shall include current values
of all points and parameters used in application program.

d. Summary logs: Logs shall summarize system status. Include as minimum:

Q) Alarm summary
(2 Run time totalization summary
) Disabled point summary

4. Provide fully implemented interactive graphics with latest available process data fully
integrated with the display. Point values shall be dynamically updated at an operator
selectable rate from 5 to 120 seconds. Or based on a Change of Value threshold.

a. Provide a minimum of 32 different operator selectable colors for the various
system components to facilitate rapid recognition and ease of interaction.
Colors shall be uniform on all displays, such as all master alarms red
blinking with reverse field.

b. Graphics generation and editing shall be via Windows© based mouse-
operated interactive software. The graphics program shall be provided with
a library of standard symbols with the capability for use to add custom
symbols or modify library symbols using AutoCadd®© version 2000.

C. Provide graphics for, but not limited to, the following:

Q) Scale floor plans of each level showing status of associated points
within area including but not limited to: smoke detectors, HVAC
equipment, controls, sensors. Indicate locations of equipment
within area such as DDCs, FEPs, MERs, transmitters, actuators,
sensors, lighting control panels, etc.

(2 Separate air and water systems riser diagrams showing all systems
in block diagram form. System status (on, off, alarm) shall be
indicated. Risers shall include common sensing points such as
outside air and supply and return temperature in main piping

systems.
3) Each air and water system.
(4) User shall be able to navigate to any graphic from any graphic by

clicking 3 or fewer links.

5. Provide software to output a user programmed message to the printer or video
terminal in response to an alarm or change of value of any system point. Message
length shall be at least 4 lines of 80 characters each.

6. All software shall be mouse operated (point and click; drop-and-drag, etc.) with the
option of using predefined keyboard commands.

D. Application Software:
1. Time of Day and Event Scheduling:
a. Software shall automatically start and stop equipment based on the time of

day and day of week, including holidays and the type of event. The
scheduled time-of-day program shall operate in conjunction with the
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Start/Stop Time Optimization program.

Schedule assignments shall be for individual points or group of points. For
points assigned to one group, assign variable time delays between each
successive start or stop command within that group if required. The system
shall have the capacity to accommodate a minimum of 500 uniquely defined
schedules. Each load group shall accommodate a minimum of 250 loads.
Initialize the system with Owner schedules and load assignments.

The operator shall be able to define the following information:

Q) Time, day, dates

(2 Commands such as on, off, auto, etc.

3) Load or loads assigned to groups

(4) Time delays between successive commands

Include provisions for manually overriding each schedule.
The following reports shall be provided:

(1) Report of any and all defined time schedules
(2) Loads assigned to each time schedule

2. Start/Stop Time Optimization (SSTO):

a.

Software shall perform optimized start-up and shutdown of selected
equipment. The SSTO program shall start HVAC equipment at the latest
possible time that will allow the equipment to achieve the desired zone
conditions by occupancy time. The SSTO program shall also shutdown
HVAC equipment at the earliest possible time before the end of the
occupancy period, and still maintain desired comfort conditions. Initialize
the system with default values used on previous projects of similar
construction with similar equipment.

The SSTO program shall operate in both the heating and cooling seasons.
It shall be possible to apply the SSTO program to all individual systems.
The SSTO program shall operate on outside weather conditions, as well as
inside zone conditions, and empirical factors. The empirical factors shall
relate to the dynamic responsiveness of particular zones such as heat
retention and transfer coefficients. Provide all needed sensors for effective
SSTO implementation. The program shall be fine tuned during the warranty
period using empirical data compiled during operation of the building.

The program shall automatically adjust itself utilizing adaptive control
techniques.

The system operator shall be able to, for each system under control of the
SSTO program, establish and modify the following parameters:

(1) Occupancy period

(2) Desired occupancy temperature

3) Heating/cooling transfer coefficients
(4) Heating/cooling retention coefficients
(5) Primary equipment lag time

A report shall be provided detailing SSTO parameters such as zone
coefficients, zone occupancy time and temperature, activated/inactivated
zones, etc.

3. Demand Limiting:

a.
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electrical demand from exceeding an operator set level.

C. Kilowatt rating of each load shall be prioritized by the operator to ensure
proper number and sequencing of loads being shed when excessive
electrical demand is predicted. For initial scheduling purposes, each load
shall be assigned to five priority groups.

1) Priority Group 1, 2 and 3: Automatically shed as required.
(2 Priority Group 4 and 5: Issue operator advisory to manually shed
particular load by operator action at console.

d. When load shed condition exists, program begins searching for loads in
Group 1 and continues through Group 3 until the necessary number of
kilowatts have been shed. Loads within each group shall be shed on an
operator selectable basis. Load restoration procedure is opposite of load
shedding procedure.

e. Each load shall be programmed with maximum off time, minimum on time
and minimum off time.
f. The operator shall be able to define the following information:

(1) Load kilowatt and priority
2 Maximum demand setpoint

g. The following information shall be available in report from:

(1) Load data

(2) Maximum demand for a given period (day, week, month, etc.)
3) Current demand and loads shed
h. When an operator-selectable percentage of maximum target is exceeded

alarm shall sound, current demand in kilowatt displayed and printed out with
time of occurrence on alarm printer.

i. Degraded mode: Loss of all or part of data trunk cable shall not cause the
shed loads to restart and the electrical load to exceed setpoint. DDCs shalll
cycle connected loads in a stand-alone mode to eliminate or reduce
potential increases in maximum demand level.

Automatic Restart: During a power outage the DDC operating programs and
database shall be protected against loss of memory with battery backup. If length of
the power outage exceeds the battery backup capacity, the programs and database
shall be automatically reloaded from disk storage upon power restoration. After
power has been restored, the system points shall either be returned to the state they
would be in if there were no power outage or remain off as defined by equipment and
operational requirements. Points to be restarted shall start over a programmed time
schedule to affect soft start.

Automatic False Alarm Lockout; When systems are off, certain analog variables may
drift past programmed alarm limits. Inhibit analog variable limit alarms until after
system is restarted and stabilized.

Historical Trending:

a. Any system point either real or calculated shall be assignable to the
historical trending program. All changes in point value shall be recorded for
points assigned. The trend interval shall be user selectable. However
interval shall initially be 15 minutes or less for analog values.

b.

C. All trend information shall be recorded in non-volatile memory and
graphically displayed. Display shall accommodate up to twelve different
point trends simultaneously displayed in user selectable colors and
dynamically updated.

d. The system shall be configured to store trend data for 12 months or more.

10/15/08 PKG 3 BID SET BUILDING MANAGEMENT SYSTEM COWPERWOOD

392-504 FLACK + KURTZ 230900 - 27 BATTELLE



Custom Application Program:

a. Provide real-time control programming capability to allow operator to create
customized control strategies based on arithmetic, logical, conditional, and
time logic.

Remote Alarm and Communication Software: The BMS shall alarm and communicate with
other off site PC (LOT) by using the modem dial out/in using BACnet Point To Point service
or PC Anywhere or equal commercial software. The BMS shall notify the owner via voice or
numeric pager of serious alarms on the BMS.

Web Access:

1.

The system shall support at least 64 clients using a standard web browser such as
Internet Explorer™ and Remote Desktop. Systems requiring additional software to
enable a standard web browser are not acceptable.

2. The web browser software and Remote Desktop software shall run on any operating
system and system configuration that is supported by the web browser.

3. The web browser and Remote Desktop shall provide the same view of the system, in
terms of graphics, schedules, calendars, logs, etc., and provide the same interface
methodology as is provided by the Graphical User Interface. Systems that require
different views or that require different means of interacting with objects such as
schedules, or logs, shall not be permitted.

4. The web browser and Remote Desktop client shall support at a minimum, the
following functions:

a. User log-on identification and password shall be required. If an
unauthorized user attempts access, a blank web page shall be displayed.
Security using authentication and encryption techniques to prevent
unauthorized access shall be implemented.

b. Graphical screens developed for the GUI shall be the same screens used
for the web browser. Any animated graphical objects supported by the GUI
shall be supported by the web browser interface.

C. HTML programming shall not be required to display system graphics or data
on a web page. HTML editing of the web page shall be allowed if the user
desires a specific look or format.

d. Storage of the graphical screens shall be in the BMS, without requiring any
graphics to be stored on the web access computer.

e. Real-time values displayed on a web page shall update automatically
without requiring a manual “refresh” of the web page.

f. User’s shall have administrator-defined access privileges. Depending on
the access privileges assigned, the user shall be able to perform the
following:

1) Modify common application objects, such as schedules, calendars,
and set points in a graphical manner.
€)) Schedule times will be adjusted using a graphical slider,

without requiring any keyboard entry from the operator.
(b) Holidays shall be set by using a graphical calendar, without
requiring any keyboard entry from the operator.

(2) Commands to start and stop binary objects shall be done by right-
clicking the selected object and selecting the appropriate command
from the pop-up menu. No entry of text shall be required.

3) View logs and charts.

(4) View and acknowledge alarms.

g. Graphic screens on the web browser client and Remote Desktop shall
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support hypertext links to other locations on the Internet or on Intranet sites,
by specifying the Uniform Resource Locator (URL) for the desired link.

PART 3 — EXECUTION

3.01

3.02

3.03

3.04

LOCATION OF EQUIPMENT

A.

The Drawings and Specifications describe approximate locations of the work. Verify all
locations in the field.

Locate equipment and accessories so as to provide easy access for proper service and
maintenance.

INSTALLATION

A.

Provide wiring for control devices, monitoring devices, instrumentation, and interlocks as
required for a complete system. Coordinate with Divisions 14, 15, 16 and 17 of the
Specifications for devices requiring wiring under this Section.

Run all wiring in compliance with the requirements of the Division 26 Specification and in
accordance with authorities and codes having jurisdiction. Provide separate conduit for
control wiring under this Section.

Provide all BMS wiring, including power wiring to DDCs and BMS equipment. All power
wiring for control system shall be from an emergency power panel.

EXAMINATION

A.

The project plans shall be thoroughly examined for control device and equipment locations.
Any discrepancies, conflicts, or omissions shall be reported to the Engineer for resolution
before rough-in work is started.

The Contractor shall inspect the site to verify that equipment may be installed as shown. Any
discrepancies, conflicts, or omissions shall be reported to the Engineer for resolution before
rough-in work is started.

The Contractor shall examine the drawings and specifications for other parts of the work. If
head room or space conditions appear inadequate, or if any discrepancies occur between the
plans and the Contractor’s work, and the plans and the work of others; the Contractor shall
report these discrepancies to the Engineer and shall obtain written instructions for any
changes necessary to accommodate the Contractor’'s work with the work of others. Any
changes in the work covered by this specification made necessary by the failure or neglect of
the Contractor to report such discrepancies shall be made by, and at the expense of, this
Contractor.

PROTECTION

A.

The BMS Contractor shall protect all work and material from damage by its work or
employees, and shall be liable for all damage thus caused.

The BMS Contractor shall be responsible for its work and equipment until finally inspected,
tested, and accepted. The Contractor shall protect any material that is not immediately
installed. The Contractor shall close all open of work with temporary covers during storage
and construction to prevent entry of foreign objects.
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3.05

3.06

INSTALLATION OF CONTROL EQUIPMENT

A.

Device and panel locations are the responsibility of the BMS Contractor. Group
instrumentation on ductwork, air handling units, packaged equipment and fan casing in an
organized manner. Locations shall be consistent for each type of system. Each control
device, field or panel mounted, shall be identified by an engraved lamacoid nameplate
permanently attached to its enclosure.

Sensors mounted on air ducts having exterior insulation shall be provided with standoff
spacers with insulating material firmly fitted around spacers.

Averaging temperature and low temperature detectors shall be installed in serpentine fashion
and supported by steel grid or multiple bulb holders. Minimum coverage 1 linear foot of
sensor element per 4 square feet of coil face area.

Wall mounted sensors shall be 42 inches above finished floor and consistent with ADA
requirements as outlined in Division 1 of the specification. In service corridors where subject
to damage, mounting height shall be 84 inches unless noted otherwise. Provide insulated
base where mounting on exterior wall is required. Provide metal guards where mounted in
mechanical, electrical, storage, and maintenance areas or in any area where subject to
damage.

Locate pressure transducers within 50 feet of sensing point. Connect sensors with tubing of
diameter recommended by sensor manufacturer and as required to prevent signal phase lag.
Provide gauge tees at transducer for connection to pressure gauge.

DDC panels shall not be located directly underneath valves or other areas where they may be
subject to water or heat damage. In addition, panels shall be mounted with the bottom no
lower than 3 feet and the top no higher than 7 feet above the floor, with a minimum of 3 foot
clearance at the front.

WIRING

A.

All control and interlock wiring shall comply with national and local electrical codes and
Division 26 of this specification. Where the requirements of this section differ with those in
Division 26, the requirements of this section shall take precedence.

All NEC Class 1 (line voltage) wiring shall be UL listed in approved raceway per NEC and
Division 26 requirements.

All low-voltage wiring shall meet NEC Class 2 requirements. Low-voltage power circuits shalll
be sub-fused when required to meet Class 2 current-limit.

Where NEC Class 2 (current-limited) wires are in concealed and accessible locations
including ceiling return air plenums, approved cables not in raceway may be used, provided
that cables are UL listed for the intended application. For example, cables used in ceiling
plenums shall be UL listed specifically for that purpose.

All wiring in mechanical, electrical, or service rooms — or where subject to mechanical
damage — shall be installed in raceway.

Do not install Class 2 wiring in raceway containing Class 1 wiring. Boxes and panels
containing high-voltage wiring and equipment may not be used for low-voltage wiring except
for the purpose of interfacing the two (e.g., relays and transformers).

Do not install wiring in raceway containing tubing.

Where Class 2 wiring is run exposed, wiring is to be run parallel along a surface or
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perpendicular to it, and neatly tied at 10-foot maximum intervals.

l. Where plenum cables are used without raceway, they shall be supported from or anchored to
structural members. Cables shall not be supported by or anchored to ductwork, electrical
raceways, piping, or ceiling suspension systems.

J. All wire-to-device connections shall be made at a terminal block or terminal strip. All wire-to-
wire connections shall be at a terminal block in an appropriate enclosure.

K. All wiring within enclosures shall be neatly bundled and anchored to permit access and
prevent restriction to devices and terminals.

L. Maximum allowable voltage for control wiring shall be 120-volt. If only higher voltages are
available, the Contractor shall provide step-down transformers.

M. All wiring shall be installed as continuous lengths, with no splices permitted between
termination points.

N. Install plenum wiring in sleeves where it passes through walls and floors. Maintain fire rating
at all penetrations.

0. Size of raceway and size and type of wire shall be the responsibility of the Contractor, in
keeping with the manufacturer's recommendation and NEC requirements, except as noted
elsewhere.

P. Include one pull string in each raceway 1-inch or larger.

Q. Use coded conductors throughout with different colored conductors.

R. Control and status relays are to be located in designated enclosures only. These enclosures
include packaged equipment control panel enclosures unless they also contain Class 1
starters.

S. Conceal all raceways, except within mechanical, electrical, or service rooms. Install raceway
to maintain a minimum clearance of 6 inches from high-temperature equipment (over 104
degrees F).

T. Secure raceways with raceway clamps fastened to the structure and spaced according to

code requirements. Raceways and pull boxes may not be hung on flexible duct strap or tie
rods. Raceways may not be run on or attached to ductwork.

u. Adhere to Division 26 requirements where raceway crosses building expansion joints.

V. Install insulated bushings on all raceway ends and openings to enclosures. Seal top end of
all vertical raceways.

W. The Contractor shall terminate all control and/or interlock wiring, and shall maintain updated
(as-built) wiring diagrams with terminations identified at the job site.

X. Flexible metal raceways and liquid-tight, flexible metal raceways shall not exceed 3 feet in
length and shall be supported at each end. Flexible metal raceway less than %2 inch electrical
trade size shall not be used. In areas exposed to moisture — including chiller and boiler
rooms — liquid-tight, flexible metal raceways shall be used.

Y. Raceway must be rigidly installed, adequately supported, properly reamed at both ends, and
left clean and free of obstructions. Raceway sections shall be joined with couplings (per
code). Terminations must be made with fittings at boxes, and ends not terminating in boxes
shall have bushings installed.
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3.07

3.08

BMS COMMUNICATION WIRING

A.

All cabling shall be installed in a neat and workmanlike manner. Follow manufacturer's
installation recommendations for all communication cabling.

Do not install communication wiring in raceway and enclosures containing Class 1 or other
Class 2 wiring.

Maximum pulling, tension, and bend radius for cable installation as specified by the cable
manufacturer shall not be exceeded during installation.

Contractor shall verify the integrity of the entire network following the cable installation. Use
appropriate test measures for each particular cable.

When a cable enters or exits a building, a lightning arrestor must be installed between the
lines and ground. The lighting arrestor shall be installed according to the manufacturer’s
instructions.

All runs of communication wiring shall be un-spliced length when that length is commercially
available.

All communication wiring shall be labeled to indicate origination and destination data.

Grounding of coaxial cable shall be in accordance with NEC Regulations Article on
Communications Circuits, Cable and Protector Grounding.

TRAINING

A.

The Contractor shall furnish the services of competent instructors to give instruction in the
adjustment, operation and maintenance, including pertinent safety requirements, of the
equipment and system specified. The training shall be oriented toward the system installed
rather than being a general training course. Each instructor shall be thoroughly familiar with
all aspects of the subject matter they are to teach. The Contractor shall provide all equipment
and material required for classroom training.

The training program shall be accomplished in two phases for the time interval specified for
each phase.

1. The first phase shall be given prior to the acceptance test period at a time mutually
agreeable between the Contractor and the Owner, and shall be at least five (5) days
(8 hours/day) in length. Operating personnel shall be trained in the functional
operations of the BMS installed and the procedures that the operators will employ for
system operation. The training shall include but not be limited to:

General BMS configuration

Operation of computer and peripherals
Command line mnemonics

Report generation

Operator control functions

Graphics generation

General equipment layout
Troubleshooting procedures
Preventative maintenance procedures
Sensor maintenance and calibration
Proper use of service kit

T T TQ@Toa0 o

2. The second phase shall be conducted after system acceptance testing for a period of
eight (8) days. The training shall occur up to one year after the first phase of training
as determined by the Owner and shall include but not be limited to:
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a. DDC programming
b. Database generation
C. Supervisory level operator commands
d. Topics requested by Owner
3.09 CALIBRATION AND COMMISSIONING

A. Perform a three-phase commissioning procedure consisting of field I/O calibration and
commissioning, system commissioning and integrated system program commissioning.
Document all commissioning information on commissioning data sheets that shall be
submitted prior to acceptance testing. Notify the Owner in writing of the testing schedule so
that operating personnel may observe calibration and commissioning.

B. Field 1/0O Calibration and Commissioning:

1. Prior to system program commissioning, verify that each control panel has been
installed according to the shop drawings and test, calibrate, and bring on-line each
control device. Commissioning to include but not be limited to:

a. Sensor accuracy at 10, 50 and 90 percent of range
b. Sensor range

C. Verify analog limit and binary alarm reporting

d. Point value reporting

e. Binary alarm and switch settings

f. Actuator spring ranges

g. Failsafe position on loss of control signal

2. Record calibration and test data on commissioning data sheets and submit. Data
sheets shall include the device designation, the date of commissioning and the name
of person who performed commissioning.

C. System Program Commissioning: After control devices have been commissioned, each DDC
program shall be put on-line and commissioned. The Contractor shall confirm that the DDC
program logic follows the approved software flow chart and sequence of operation. Each
control loop shall be adjusted to provide stable control and control within the specified
accuracies. System program test results and loop adjustments shall be recorded on
commissioning data sheets and submitted.

D. Integrated System Commissioning:

1. After all DDC programs have been commissioned, the Contractor shall verify the
overall system performs as specified. Tests shall include but not be limited to:

a. Data communication, both normal and failure modes
b. Fully loaded system response time
C. Impact of component failures on system operation
d. Time/date changes
e. End of month/end of year operation
f. Global application programs
g. System backup and reloading
h. System status displays
i. Diagnostics
j- Power fail/restart
k. Battery backup
3.10 ACCEPTANCE TESTING

A. Submit a detailed acceptance test procedure designed to demonstrate compliance with

contract requirements at least 4 weeks before the start of testing. This procedure to be
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approved prior to the start of the testing.

B. During acceptance testing provide services of a fully qualified building automation technician
who is knowledgeable of the project.

C. Using the commissioning test data the Owner shall select, at random, functions to be
demonstrated. The Contractor in accordance with the acceptance test procedure shall
demonstrate these functions. At least 15 percent of the systems functions shall be
demonstrated. At least 95 percent of the functions demonstrated must perform as specified
and documented on commissioning data sheets or the system must be retested.

D. Furnish instruments required for testing. Submit catalog data on all instruments for approval
prior to performance tests.

Instrument Accuracy
Temperature: Y, degree F or %2 percent of full scale, whichever is less
Pressure: 1% pound per square inch or ¥z percent of full scale, whichever is less
Humidity: Y% percent relative humidity
Electrical: Y4 percent of full scale
E. After the above acceptance tests are complete and the system is demonstrated to be

functioning as specified, a thirty-day endurance test period shall begin. If the system
functions as specified throughout the endurance test period requiring only routine
maintenance and adjustment, the system shall be accepted. If during the endurance test
period the system fails to perform as specified and cannot be corrected within eight hours, the
Owner may request that the endurance tests be repeated after problems have been
corrected.

END OF SECTION
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SECTION 23 09 65

LABORATORY AIRFLOR CONTROL SYSTEM

PART 1 — GENERAL

1.01 RELATED SECTIONS

A.

Section 23 05 01 - Mechanical General Provisions
Section 23 09 00 - Building Management System
Section 23 36 00 - Air Terminal Devices

Division 26 - Electrical Specifications

1.02 DESCRIPTION OF WORK

A.

Laboratory airflow control system shall be furnished and installed to control the airflow
into and out of laboratory rooms. The exhaust volume of a laboratory fume hood shall be
precisely controlled to maintain a constant average face velocity into the fume hood. The
laboratory control unit shall vary the amount of air into the room to maintain temperature
control, minimum ventilation, airflow balance, and laboratory pressurization in relation to
adjacent spaces (positive or negative).

1.03 SUBMITTALS

A.

B.

Submit manufacturer’s certified airflow performance test data, sound performance test
data, and certified dimensioned drawings.

Submit materials of construction, assembly details, wiring details, and mounting details.

1.04 MANUFACTURERS

A.

B.

Phoenix Controls.

TSI (Note: TSI lab system shall be based on their own system with hardware and other
controls as required for a complete laboratory ventilation system with equal or better
performance to these specifications.)

1.05 PRODUCTS FURNISHED BUT NOT INSTALLED UNDER THIS SECTION

A.

Designated circuits shall be furnished by the Division 26 Contractor from the distribution
panelboards for BMS power. Power wiring from the designated power outlets or circuits
shown on Division 26 drawings to BMS components shall be within the work scope of this
section.

PART 2 — PRODUCTS

2.01 PHOENIX LABORATORY AIRFLOW CONTROL SYSTEM

A. The laboratory airflow control system shall be fully stand-alone for each individual control
zone. The system shall not use or rely on information from controllers in other laboratory
areas to control the functions within its laboratory.

B. The laboratory airflow control system shall directly measure the area of the fume hood
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sash opening and proportionally control the hood's exhaust airflow in a variable volume
mode to maintain a constant face velocity over a minimum range of 20 to 100% at full
sash opening. System shall be capable of minimum change in hood exhaust flow of 5 to
1. Response time shall be less than one second with no more than a 5% overshoot or
undershoot. The system shall achieve 90% of its commanded volume within one second
of the sash reaching 90% of its final value with a full height sash movement of one
second.

The laboratory airflow control system shall respond and maintain specific airflow (= 5% of
signal) and stability (< 5% over/undershoot) within one second of a change in duct static
pressure irrespective of the magnitude of pressure and/or flow change or quantity of
airflow controllers on a manifolded system.

The laboratory airflow control system shall also maintain intersystem stability within one
second of a change in pressure and/or flow to eliminate hunting, system oscillations, and
crosstalk between airflow controllers.

The laboratory airflow control system shall use volumetric offset control to maintain room
pressurization. The system shall respond and maintain room pressurization (negative or
positive) within one second of a change in room/system conditions.

The laboratory airflow control system shall employ highly accurate airflow controllers (£
5% of signal) with a minimum 10 to 1 turndown.

2.02 FACE VELOCITY CONTROLLER

A.

A vertical sash sensor shall be provided to measure the height of each vertically moving
fume hood sash. A horizontal sash sensor shall be provided for each pair of horizontal or
overlapping sashes that are located on horizontal, combination, California, walk-in, or
distillation type fume hoods.

The airflow at the fume hood shall vary in a linear manner between two adjustable
minimum and maximum flow setpoints to maintain a constant face velocity throughout
this range. A minimum volume shall be set to insure flow through the fume hood even
with the sash totally closed.

A fume hood monitor shall be provided to receive the sash sensor output signal and to
generate an exhaust airflow control signal for the appropriate volume control device in
order to provide a constant face velocity. Audible and separate visual alarms shall be
provided for both flow alarm and emergency exhaust conditions.

2.03 AIRFLOW CONTROLLER - GENERAL

A.

The airflow controller shall be of the Phoenix Controls Accel Il Venturi Valve control type
or equivalent. The valve shall be manufactured and assembled in the United States,
including all materials.

The valve shall be pressure independent over a 0.6" to 3.0" W.C. drop across the valve.
Integral pressure independent assembly shall respond and maintain specific airflow
within one second of a change in duct static pressure irrespective of the magnitude of
pressure and/or flow change or quantity of airflow controllers on a manifolded system.

Airflow accuracy shall be + 5% of reading (not full scale) over an airflow turndown range
of no less than 8 to 1. No minimum entrance or exit duct diameters shall be required to
ensure speed of response, accuracy, or pressure independence.

The valve shall be constructed of one of the following two types:
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1. Supply and general exhaust air assembly shall be constructed of 16 gauge
aluminum. All bearing surfaces shall be made of a composite teflon or teflon
infused (versus coated) aluminum. The assembly's shaft, pivot arm, shaft support
brackets, and internal mounting hardware shall be made of 316 series stainless
steel. Lesser grade stainless steel materials are unacceptable.

2. Fume hood, canopy, snorkel, and biosafety cabinet exhaust assemblies shall
have two baked-on coats of a corrosion resistant phenolic coating (Heresite P403
or Phenolflex 957 or equal). The assembly's shaft shall be 316L stainless steel
with two additional baked-on coats of a corrosion resistant phenolic coating. The
pivot arm, shaft support brackets, and internal mounting hardware shall be made
of 316L stainless steel. All bearing surfaces shall be made of a composite teflon
or teflon infused (versus coated) aluminum.

E. An electric actuator shall be factory mounted to the valve. Loss of power shall cause the
valves to fail in the following positions:

1. Fume hood exhaust valves: fail open.
2. General exhaust valves:
a Fume hood control zone: fail closed.
b. Non-fume hood control zone: fail open.
3. Supply valves: fail open.
F. Airflow controllers that use VAV boxes or control dampers shall not be acceptable.
G. Certification:
1. Each airflow control valve assembly shall be factory calibrated to the job specific

airflows as detailed on the plans and specifications using NIST traceable air
stations and instrumentation having a combined accuracy of at least + 1% of
signal over the entire range of measurement. Electronic valves shall be further
calibrated and their accuracy verified to + 5% of signal at eight different airflows
per valve.

2. All airflow valves shall be individually marked with valve specific, factory
calibration data. As a minimum, it shall include: valve tag number, serial number,
model number, eight point valve characterization information (electronic valves),
and quality control inspection numbers. All information shall be stored on
computer diskette in ASCII format for future retrieval or for hard copy printout to
be included with as-built documentation.

H. Airflow Control Sound Specifications:
1. Unless otherwise specified, the airflow control device shall not exceed the sound
power levels in Table 1, Table 2 and Table 3.
2. If the airflow control device cannot meet the sound power level specification, a

properly sized silencer or sound attenuator must be used. All silencers must be
of a packless design (constructed of at least 18 gauge 316L stainless steel when
used with fume hood exhaust) with a maximum pressure drop at the device's
maximum 0.3 inches of water.

3. All proposed airflow control devices shall include discharge, exhaust and radiated
sound power level performance.

Table 1. Exhaust Airflow Control Device Sound Power Level

Exhaust Sound Power Level in dB (re: 10-* watts)

Octave Band Number 2 3 4 5 6 7
Center Frequency in Hz 125 Hz | 250 Hz 500 Hz 1000 Hz | 2000 Hz | 4000 Hz
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1000-50 cfm Device 63 55 52 54 50 49
800 cfm @ 0.6” wc 200 cfm 46 42 38 37 32 25
@ 0.6” wc 800 cfm @ 3.0” 73 70 64 66 65 60
wc 200 cfm @ 3.0" wc 51 52 51 50 52 51
1500-100 cfm Device 65 58 53 56 52 52
1200 cfm @ 0.6” wc 400 cfm 50 45 38 39 37 31
@ 0.6” wc 1200 ¢cfm @ 3.0” 72 70 62 65 64 60
wc 400 cfm @ 3.0” wc 55 57 55 53 56 55
1000-50 cfm Device 63 56 55 58 54 55
800 cfm @ 0.6” wc 200 cfm 51 45 41 42 39 34
@ 0.6” wc 800 cfm @ 3.0” 75 71 65 68 67 63
wc 200 cfm @ 3.0” wc 58 58 56 56 59 58

Table 2.

Supply Airflow Control Device Sound Power Level (Discharge)

Discharge Sound Power Level in dB (re: 10-'* watts)
Octave Band Number 2 3 4 5 6 7
Center Frequency in Hz 125Hz | 250 Hz 500 Hz 1000 Hz 2000 Hz | 4000 Hz

1000-50 cfm Device 62 57 54 58 54 51
800 cfm @ 0.6” wc 200 cfm 45 46 42 44 40 34
@ 0.6” wc 800 cfm @ 3.0” 72 71 67 75 72 68
wc 200 cfm @ 3.0” wc 53 56 54 58 56 54
1500-100 cfm Device 63 59 55 60 54 53
1200 cfm @ 0.6” wc 400 cfm 53 49 44 49 45 39
@ 0.6” wc 1200 ¢cfm @ 3.0” 72 73 69 77 72 68
wc 400 cfm @ 3.0” wc 58 63 61 63 60 57
3000-200 cfm Device 64 60 58 63 56 56
2400 cfm @ 0.6” wc 800 cfm 52 48 47 52 46 41
@ 0.6” wec 2400 cfm @ 3.0” 75 75 72 78 73 70
wc 800 cfm @ 3.0” wc 59 62 62 66 62 60

Table 3.

Supply Airflow Control Device Sound Power Level (Radiated)

Radiated Sound Power Level in dB (re: 10-* watts)
Octave Band Number 2 3 4 5 6 7
Center Frequency in Hz 125 Hz | 250 Hz 500 Hz 1000 Hz | 2000 Hz | 4000 Hz
1000-50 cfm Device 44 41 45 41 36 34
800 cfm @ 0.6” wc 200 cfm 33 28 31 29 26 20
@ 0.6” wc 800 cfm @ 3.0” 53 53 56 57 55 53
wc 200 cfm @ 3.0" wc 41 38 41 39 39 37
1500-100 cfm Device 47 53 40 42 38 36
1200 cfm @ 0.6” wc 400 cfm 35 39 31 34 33 26
@ 0.6” wc 1200 cfm @ 3.0” 52 60 54 60 59 53
wc 400 cfm @ 3.0” wc 42 44 43 46 46 42
3000-200 cfm Device 58 56 45 47 43 42
2400 cfm @ 0.6” wc 800 cfm 45 43 36 39 37 29
@ 0.6” wc 2400 cfm @ 3.0” 69 68 60 65 63 57
wc 800 cfm @ 3.0” wc 54 53 48 51 50 48
EXHAUST AND SUPPLY AIRFLOW CONTROLLER
A. The controller shall use electronic-based, closed loop control to regulate air volume

linearly proportional to a 0 to 10 volt electronic control signal. The valve shall generate a
0 to 10 volt feedback signal linearly proportional to its airflow for internal volume control,
DDC monitoring, or airflow tracking control.
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2.05 CONSTANT VOLUME VALVE

A.

The valve shall maintain a constant, manually adjustable, volume setpoint. It shall be
factory calibrated and set for desired airflow rate. It shall also be capable of field
adjustment for future changes of desired airflow rate. Constant volume valves requiring
feedback shall generate a 0 to 10 volt feedback signal linearly proportional to its airflow
for DDC monitoring or airflow tracking control.

2.06 LABORATORY CONTROL UNIT

A. A laboratory control unit shall be supplied to control the airflow balance of the laboratory
room. As a minimum, provide one complete, stand-alone laboratory control unit per fume
hood control zone.

B. The control unit shall be of electronic design with analog signal inputs and outputs. The
inputs shall accept signals proportional to control zone supply flows. The output signals
shall control supply valves and general exhaust/return air valves with signals linearly
proportional to the desired supply or exhaust volumes.

C. The control unit shall maintain a constant, adjustable offset between the sum of the
room's total exhaust and the make-up/supply air volumes. This offset shall be
independent of the exhaust volume magnitude.

D. The control unit shall generate analog signals linearly proportional to all airflow sources,
sash sensors, and flow alarms. The signals shall be available for connection to the
facility's direct digital control (DDC) system through an integrated control unit that
interfaces directly into the facility's DDC system. As a minimum, the following signals
(points) shall be available:

1. Fume hood exhaust flow

2. Fume hood exhaust low flow alarm
3. Fume hood sash position

4, Fume hood usage status

5. Supply/make-up airflow

6. General exhaust flow

7. Total lab exhaust flow

8. Total lab supply flow

9. Room offset

E. The control unit shall also accept direct input signals from the facility's DDC or be carried
out by an integrated DDC control unit. As a minimum, the following inputs shall be
available:

1. Emergency exhaust override

2. Remote room offset adjustment

3. Electronic temperature override

4, Minimum air volume reset (based on unoccupied signal from the Building
Management System)

F. An integral or wall-mounted power supply shall be included to power the complete
laboratory airflow control system from 120 VAC standby power circuit dedicated to control
power. On loss of power, valves shall fail to the positions described in paragraph 2.03.E.
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PART 3 — EXECUTION

3.01 INSTALLATION

A.

The contractor shall install the sash sensors, interface boxes, and the monitor on the
fume hood. Vertical sash sensors and their stainless steel cables shall be hidden from
view. Horizontal sash sensor bars shall be affixed to the individual sash panels. Sash
interface boxes with interface cards shall be mounted within an accessible location.
Refer to laboratory casework details for types of sashes.

The contractor shall install the laboratory control unit (if panel mounted) and
wall-mounted power supply (as required) in an accessible location within the indicated
laboratory room. The contractor shall furnish single phase 120 VAC power circuit to the
laboratory control unit or wall-mounted power supply from the Division 26 designated
circuit.

The contractor shall terminate and connect all cables as required. All cable and
connectors shall be furnished by the Contractor.

Linearized airflow control valves shall be installed in the duct work by Division 15. All
reheat coils, transitions, and insulation shall be furnished and installed by Division 15.

3.02 SYSTEM START-UP AND TRAINING

A.

System start-up shall be provided by a factory authorized representative of the laboratory
airflow controls manufacturer. Said start-up shall include setting of the fume hood face
velocity and electronic verification of supply, make-up, general exhaust, and return
airflows. The contractor shall be responsible for final verification and reporting of all
airflows.

The laboratory airflow control system manufacturer shall furnish a minimum of sixteen
hours of on-site training to provide an overview of the job specific airflow control
components, calibration procedures in resetting fume hood velocities, general procedures
for verifying airflows of air valves, and general troubleshooting procedures.

END OF SECTION
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SECTION 23 09 93

AUTOMATIC CONTROL SEQUENCES

PART 1 - GENERAL

1.01

WORK INCLUDED

A.

The work of this section shall include, but is not limited to, the following:

1. Supply and install necessary software, programming, sensing, controlling and
controlled devices, piping, wiring and commissioning of automatic control systems,
S0 as to provide a complete control system, meet requirements of control sequences
specified.

PART 2 — PRODUCTS

NOT USED.

PART 3 — EXECUTION

3.01

GENERAL

A.

Contractor shall provide customized control strategies and control sequences and define
appropriate control loop algorithms and choose the optimum loop parameters for loop control.
All control loops shall be tuned to stabilize within plus or minus 1 percent of setpoint within 5
minutes of setpoint change or startup.

Safety devices shall be hardwire interlocked with “hand” and “automatic” positions in series
with motor controller holding circuit.

Smoke control, fire and life safety sequences shall override other automatic control
sequences including hardwired safety devices.

Reset schedules and setpoints shown in sequences are for initial programming and start up.
During system commissioning the reset schedules and setpoints shall be fine tuned to obtain
desired thermal comfort, energy and ventilation system results.

The intent of the reset schedules indicated is that the range of the output be limited between
the minimum and maximum values indicated in the reset schedules.

All functions which use analog points to switch equipment on and off (e.g., fans, pumps) must
be programmed with dead bands, and if necessary, time delays to prevent short cycling of
equipment.

Starting of fans and pumps shall have built in time delays where a damper or valve is
required to open or close prior to fan or pump pressure build up.

The scale for all valves and dampers shall be from 0-100% as shown in the graphics
workstation. Showing the signal in PSI or volts shall not be permitted. 0% shall represent
valve fully closed to coil, heat exchanger, etc. 100% shall represent valve fully open to coil,
heat exchanger, etc. 0% shall represent full closed damper and 100% shall represent fully
open dampers.
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3.02 SEQUENCE OF OPERATION

A. Modes of Operation Definition:
1. Occupied Mode:

a. The system shall operate in occupied mode whenever the schedule
indicates an occupied time period or when any zone control space
temperature sensor override device is in the override position or;

b. The warm-up or cool down cycle is complete but the scheduled occupancy
period start time has not been reached.

2. Warm Up Mode:

a. The BMS shall calculate a representative zone temperature based on the
average of selected zone temperatures.

b. An optimal start program shall determine the required start time to bring the
building's representative space temperature to its occupied heating setpoint
by the scheduled occupancy period.

C. Warm-up mode shall be initiated if:

Q) The optimal start program determines that morning warm-up is
required and the building is in unoccupied mode at the optimal start
time.

d. Warm Up mode shall end when:

() the representative zone temperature reaches setpoint, or

(2 return air temperature rises above 68 degrees F, or

3) a scheduled occupancy period has started, or

4) the building enters after-hours override occupied mode.

e. Upon ending warm-up mode, the building shall enter occupied mode.

3. Cool Down Mode:

a. The BMS shall calculate a representative zone temperature based on the
average of selected zone temperatures.

b. An optimal start program shall determine the required start time to bring the
building's representative space temperature to its occupied cooling setpoint
by the scheduled occupancy period.

C. Cool down mode shall be initiated if:

(1) the optimal start program determines that cool down is required and
the building is in unoccupied mode at the optimal start time.

d. Cool down mode shall end when:

(1) the representative zone temperature reaches setpoint, or

(2) return air temperature drops below 76 degrees F, or

3) a scheduled occupancy period has started, or

4) the building enters after-hours override occupied mode.

e. Upon ending cool down mode, the building shall enter occupied mode.

4, Unoccupied Mode:
a. The building is considered to be in unoccupied operation whenever it is not
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in warm-up, cool down or occupied operation.
b. The system shall not operate whenever the operating schedule indicates an
unoccupied time period.

Fire Mode:

a. The system shall run in this mode based on input from the fire alarm system.
This mode shall have priority over all other control modes.

3.03 LABORATORY HEAT RECOVERY VENTILATOR — 100% OUTSIDE AIR

A. General:
1. HRV-1, HRV-2
B. System Off:
1. Supply fan wall system is off.
2. Outdoor air damper closed.
3. Supply air damper closed.
4, The heating coil control valve shall be under control of its discharge temperature

control loop.

5. Control loops inactive.
C. System Start:

1. Operator entered command at the BMS.

2. Automatically by the BMS based on preprogrammed schedule.
D. Occupied Mode:

1. Both HRV-1 and HRV-2 shall operate simultaneously.

2. Prior to starting the supply fan wall system the outside air dampers, and supply air
dampers shall open fully as proven by the damper end switches. Start supply fans.
Report fan status at the BMS.

3. The heating valve, the evaporative cooling system, and the cooling valve shall
operate in sequence without overlap to maintain lowest setpoint between the
discharge air setpoint and the dehumidification discharge air setpoint.

4. The BMS shall indicate on the graphics when the dehumidification setpoint is being
utilized.

5. The discharge air setpoint shall reset based on outdoor air temperature.

6. The dehumidification supply air setpoint shall modulate between 65 and 50 degrees
to maintain the return air relative humidity at 50%.

7. Indirect Evaporative Cooling
a. The evaporative cooling system shall be the first stage of cooling. The

spray pump shall start and the spray valve shall open during a cooling call.
The chilled water valve shall operate as a secondary stage of cooling.

b. If the outdoor air temperature is less than 35 degrees F, the spray system
shall be disabled. The spray valve shall close and the drain valve shall
open.

C. If the outdoor air temperature is above 40 degrees F, the spray system shall
be enabled. The drain valve shall close.

8. Heat Pipe / Face and Bypass Damper
a. The face and bypass dampers shall be physically linked or the actuators

shall operate in unison such that the face dampers move in opposition to the
bypass dampers.
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b. The face and bypass dampers shall modulate to maintain the pre-coll
temperature at the supply air temperature setpoint as follows:

(1) If the pre-coil air temperature is 2 degrees less than the outside air
temperature the heat pipe shall be assumed to be operating in
cooling mode.

€)) If the pre-coil temperature rises above the supply air
temperature setpoint, the face and bypass damper shall
bypass less air around the coil.

(b) If the pre-coil temperature drops below the supply air
temperature setpoint, the face and bypass damper shall
bypass more air around the coil.

(2) If the pre-coil air temperature is 2 degrees greater than the outside
air temperature the heat pipe shall be assumed to be operating in
heating mode.

(a) If the outdoor air temperature is above 38 degrees:

0] If the pre-coil temperature rises above the supply
air temperature setpoint, the face and bypass
damper shall bypass more air around the caoil.

(ii) If the pre-coil temperature drops below the supply
air temperature setpoint, the face and bypass
damper shall bypass less air around the coil.

(b) If the outdoor air temperature is below 32 degrees:
0] The face and bypass dampers shall modulate to
maintain an exhaust air temperature at 36
degrees.
9. Fan Speed Control
a. Both supply fans shall operate to a common speed reference.
b. When the supply fan wall systems start, the supply pressure setpoint shall

ramp from O inwc to the final pressure setpoint over a period of 2 minutes.
The supply fan speed reference shall modulate to maintain the temporary
setpoint during the ramp up period.

C. The supply fan speed reference shall modulate based in the lowest supply
air static reading among HRV-1 and HRV-2 supply static pressure sensors
and increasing or decreasing fan speed to maintain airflow setpoint.

E. Unoccupied mode
1. If the fan speed reference is below 40% for more than 10 minutes, the lag HRV shall
stop.
a. The lag HRV supply fan shall ramp down to minimum speed over a 2 minute
period.
b. After the ramp down period, the lag HRV shall turn off.
C. After the supply fan has proven off, close supply, and outside air dampers.
2. The lead HRV shall continue to operate based on the Occupied sequence.
3. If the supply static pressure is 0.5 inwc below setpoint for more than 1 minute or the

lead HRV is operating above 95% for more than 5 minutes, the lag HRV shall start
and operate in occupied mode until the next unoccupied mode.
4, The lead / lag designation shall rotate weekly.
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a. The HRV with the supply fan with the greatest runtime shall be designated |
as the lag unit during the next Unoccupied mode.

5. If the lead HRV fails or alarms, then the lead/lag order shall switch and an alarm
shall be generated.

F. System Stop:
1. Operator command at the BMS or automatically by the BMS based on a
preprogrammed schedule.
2. When the system is called to stop, the system shall revert to that “Off” state as

described above.

G. Setpoints:
1. Supply air temperature between reset linearly as flows:
a. When the Outdoor Air Temperature is 45 degrees F or below, the supply air
setpoint shall be 65 degrees F.
b. When the Outdoor Air Temperature is 80 degrees F or above, the supply air
setpoint shall be 55 degrees F.
2. Duct static pressure setpoint shall be determined by balancer.
H. Alarms:
1. Alarm at BMS at +/- 2 degrees F from setpoint.
2. Alarm at BMS at +/- .50-inch w.g from setpoint.
l. Safeties:
1. A freezestat with its element serpentined across the discharge side of the heating

coil shall stop the supply fans, close the outside air damper, open the heating coll
valve fully and alarm the BMS. Freezestat shall be the automatic reset type.
Whenever the alarm is actuated, the point will be held by the BMS until manually
released by the BMS operator.

2. A high static safety switch shall stop the supply fan wall system in the static pressure
exceeds 3.5 inwc. The BMS shall generate an alarm.

3. A differential pressure sensor installed across both filter banks shall indicate
whenever the filter is obstructed and initiate a non-critical alarm at the BMS.

4, The BMS shall monitor the status of each fan with a currently sensing relay. If one or
more fans fail, an alarm shall be generated.

5. The BMS shall also monitor the status of the entire fan wall system with a differential
pressure switch.

6. If the fan wall is called to run and the and the pressure and current sensors both

confirm the fans are not operating, the fans shall be disabled, the dampers shall be
closed and an alarm shall be generated.

3.04 OFFICE AREA VARIABLE VOLUME AIR CONDITIONING SYSTEMS

A. General:
1. RTU-3, RTU-4, RTU-5
B. System Off:
1. Minimum outside air, economizer outside and relief air dampers closed.
2. Supply damper shall close. (RTU-4 and RTU-5 only)
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3. Return air damper open.
4. Supply fan and return fan off.
5. Chilled water control valve closed.
6. The heating coil control valve will be under control of its discharge temperature
control loop.
7. All other control loops inactive.
C. System Start:
1. Operator entered command at the BMS.
2. Automatically by the BMS based on preprogrammed schedule.
D. System Operation:
1. The supply damper shall open (RTU-4 and RTU-5 only)
2. After the supply damper is verified open by end switch (RTU-4 and RTU-5 only) the
supply fan shall start.
3. Fan Speed Control

a. When the supply fan wall system starts, the supply static pressure setpoint
shall ramp from O inwc to the final setpoint over a period of 2 minutes. The
supply fans speed shall modulate to maintain the temporary setpoint during
the ramp up period.

b. Supply fan speed shall modulate by sensing supply duct static pressure and
increasing or decreasing fan speed to maintain static pressure setpoint.

C. The return fan speed shall modulate to maintain the return air flow setpoint.

d. The return air flow setpoint shall be:

1) Return airflow setpt = Supply Airflow — Min OSA Setpt — Offset
4, Building Pressure Control:

a. If building static pressure is .01 inwc above setpoint for more than 1 minute,
the fan offset CFM shall increase by 200 CFM every minute.

b. If building static pressure is .01 inwc below setpoint for more than 1 minute,
the fan offset CFM shall decrease by 200 CFM every minute.

C. The offset set shall not be greater than +/- 30% of design supply airflow.

5. Cool Down Mode:

a. During the cool down mode, the dampers shall be controlled as described in
the occupied mode. Minimum outside airflow setpoint shall be zero.

b. During the transition from non-economizer mode to economizer mode the
economizer dampers shall ramp open slowly over a 5 minute period.

C. The cooling valve shall be modulated to maintain a discharge temperature of
55 degrees F.

6. Occupied Mode:

a. The minimum outside air damper shall modulate to minimum airflow
setpoint.

b. If outside air temperature is 2 degrees less than the return air temperature,
the dampers shall modulate as required to maintain the discharge air
temperature setpoint.

C. If outside air temperature is greater than the return air temperature, the
economizer dampers shall be closed to minimum position.

d. Minimum damper positions shall be determined as follows.
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(2 OSA min pos = Offset / Supply Air Flow

During the transition from non-economizer mode to economizer mode the
economizer dampers shall ramp open slowly over a 5 minute period.

The heating valve, economizer dampers and cooling valve shall operate in
sequence without overlap to maintain lowest setpoint between the discharge
air setpoint and the dehumidification discharge air setpoint.

The BMS shall indicate on the graphics when the dehumidification setpoint
is being utilized

The discharge air setpoint shall reset based on outdoor air temperature.
The dehumidification supply air setpoint shall modulate between 65 and 45
degrees to maintain the return air relative humidity at 50%.

7. Building CO2 sequence

a.

b.

E. System Stop:

The BMS shall calculate the CO2 differential between the indoor and
outdoor air.

If the CO2 differential is less than 300 PPM for 5 minutes or the hot water
valve is 100% open, then the minimum outside airflow setpoint shall
decrease by 400 CFM every 5 minutes. The minimum outside airflow shall
not be allowed to reset below the minimum outside airflow CFM. (See
equipment schedule)

If the CO2 differential is greater than 500 PPM for 5 minutes and the hot
water valve is less than 90% open, then the outside airflow minimum shall
increase by 800 CFM every 5 minutes. The outside airflow setpoint shall not
be allowed to reset fan design CFM.

1. Operator command at the BMS or automatically by the BMS based on a
preprogrammed schedule.

2. When the system is called to stop, the system shall revert to that “Off” state as
described above.

F. Setpoints:
1. Supply air temperature between reset linearly as flows:
a. When the Outdoor Air Temperature is 45 degrees F or below, the supply air
setpoint shall be 65 degrees F.
b. When the Outdoor Air Temperature is 80 degrees F or above, the supply air
setpoint shall be 55 degrees F.
2. The BMS shall determine the number of boxes with 100% open primary air dampers.
a. If 10% (adj.) or more of boxes have dampers that are 100% open, then the
supply duct static pressure setpoint shall increase by 0.1 inwc every 5
minutes.
b. If 5% (adj.)or fewer boxes have dampers that are 100% open, then the
supply duct static air pressure setpoint shall decrease by 0.1 inwc every 5
minutes.
C. The duct static pressure setpoint shall not be reset below 0.75 inwc and
above 1.75 inwc limits (adj.).
G. Alarms:
a. Alarm at BMS at Supply Air Temperature +/- 2 degrees F from setpoint.
b. Alarm at BMS at Supply Static Pressure +/- .50-inch w.g from setpoint.
H. Safeties:
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1. A differential pressure sensor installed across the filter shall indicate whenever the
filter is obstructed and initiate a non-critical alarm at the BMS.

2. A high static safety switch shall stop the supply fan wall system in the static pressure
exceeds 3.5 inwc. The BMS shall generate an alarm.
3. A freezestat with its element serpentined across the discharge side of the heating

coil shall stop the supply fans, close the outside air damper, open the heating coll
valve fully and alarm the BMS. Freezestat shall be the automatic reset type.
Whenever the alarm is actuated, the point will be held by the BMS until manually
released by the BMS operator.

4. (RTU-4 and RTU-5 only) If the supply fan fails, the supply fan damper shall close and
the BMS shall generate an alarm.

3.05 LABORATORIES

A. Setpoints
1. Occupied cooling setpoint shall be 76 degrees F
2. Occupied heating setpoint shall be 70 degrees F
3. Unoccupied cooling setpoint shall be 82 degrees F
4, Unoccupied heating setpoint shall be 65 degrees F

B. Night override.

1. The system shall revert back to Occupied setpoints for a period of 2 hours each time
the night override mode button is depressed by an occupant.
3.06 LABORATORIES (NEGATIVE PRESSURE)- GENERAL APPROACH TO SEQUENCES

A. The supply air temperature setpoint shall modulate to maintain the space temperature at
heating setpoint.

B. The heating valve shall modulate to maintain the supply air temperature setpoint.

C. On a call for cooling, the BMS shall modulate the total exhaust airflow setpoint from minimum
to maximum airflow as required to maintain the cooling temperature setpoint. Minimum
exhaust airflow setpoint shall be equal to the ventilation requirement plus the scheduled room
offset. The general exhaust shall modulate to maintain the total exhaust airflow setpoint
minus the airflow of the fume hood exhaust and bio safety cabinets.

D. The BMS shall calculate the total airflow of the room exhaust and calculate the required
supply airflow setpoint by subtracting the scheduled room offset. The offset shall be
adjustable from the BMS Graphical Interface.

3.07 LABORATORIES (POSITIVE PRESSURE)- GENERAL APPROACH TO SEQUENCES

A. The supply air temperature setpoint shall modulate to maintain the space temperature at
heating setpoint.

B. The heating valve shall modulate to maintain the supply air temperature setpoint.

C. On a call for cooling, the BMS shall modulate the supply airflow setpoint from minimum to
maximum airflow as required to maintain space temperature cooling setpoint. Minimum
supply airflow setpoint shall be equal to the ventilation requirement. The supply air flow shall
modulate to maintain the supply airflow setpoint.

D. The BMS shall calculate the supply air flow of the room and calculate the total exhaust flow
setpoint by subtracting the scheduled room offset. The general exhaust shall modulate to
maintain the total exhaust setpoint minus the total flow of the fume hoods and bio safety
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cabinets. The offset shall be adjustable from the BMS Graphical Interface.
3.08 FUME HOODS

A. Fume hoods shall be variable volume. As each fume hood sash is raised or lowered, a sash
sensor shall indicate sash position to the fume hood controller. The controller shall calculate
the fume hood open area and control the air volume through the hood to maintain a constant
average face velocity of 100 FPM. Each fume hood shall be equipped with a fume hood
monitor which provides a digital display of the fume hoods status.

B. The fume hood controller will provide a visual alarm if the face velocity drops below setpoint
for more than 5 seconds (adjustable). The monitor will provide visual and audible alarm if the
face velocity drops more than 10% (adjustable) below setpoint for 5 seconds (adjustable).
Both the face velocity alarm setpoint and time delay shall be adjustable. An audible alarm
silence button shall be provided, but the visual alarm shall remain in "alarm" until the unsafe
condition is cleared. Alarms shall automatically reset when the "alarm" condition clears.

C. The fume hood controller shall provide an “Emergency Purge” button on the display. In the
event of an emergency, the operator can initiate an Emergency Purge which will override the
100 FPM face velocity, set the hood to full exhaust, and sound an audible alarm. The hood
shall remain in this mode until released by the operator.

3.09 LAB EXHAUST FANS

A. General Lab Exhaust Fans
1. Start / Stop

a. EF-R-1 (VAV) shall operate at all times.

b. EF-R-2 and EF-F-3 shall operate in a lead lag sequence.

C. Every Tuesday at 8:00 am the single speed fan with the most runtime shall
be re-assigned as the standby fan.

d. During the weekly changeover, the old standby fan shall start. Once all
three fans have been confirmed as operational, the new standby fan shall
stop.

e. If the lead fan fails to run, the lead-lag order shall switch and an alarm shall

be generated.

B. Operation
1. The BMS shall determine which pressure sensor is reading the lowest duct pressure
and shall use that pressure to control the exhaust fans.
2. The fan speed of EF-R-1 shall modulate to maintain the duct pressure sensor at
setpoint.
3. Modulate outside air damper to maintain stack velocity. The balancer shall

determine the minimum airflow setpoint for each exhaust fans to maintain the
minimum air velocity. If the airflow drops below the setpoint, the outside air dampers
shall modulate open. If the airflow rises above the setpoint, the outside air damper
shall modulate closed.

a. To improve control, the operation of the outside air dampers shall be
sequenced. One damper shall be designated as primary and the other as
secondary. The primary shall modulate from closed to open on a 0-50% call
for outside. The secondary shall modulate from closed to open on a 50% to
100% call for outside air.

C. Alarms:
1. If the fan command does not match the fan proof, an alarm will be displayed and
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recorded on the BMS.

2. Anytime the exhaust plenum pressure exceeds the alarm pressure setpoint (-3.5
inches w.c., user adjustable) an alarm will displayed and recorded on the BMS.
3. Anytime the exhaust plenum pressure is below the alarm pressure setpoint (-1.0

inches w.c., user adjustable, established by balancer to insure adequate hood
velocities) an alarm will displayed and recorded on the BMS.

3.10 LAB SNORKEL VENTS

1. The snorkel air valve shall modulate to maintain the net CFM required for each
snorkel vent attached to the valve.
2. Snorkel air flow shall be accounted for in the lab air balance equation.

3.11 BIO SAFETY CABINETS

1. An exhaust air valve shall modulate the airflow to bio safety cabinet.

2. A booster fan on each bio safety cabinet shall operate at all times.

3 The speed of the each booster fan shall modulate to maintain the duct static
pressure downstream of the HEPA filters at 2 inwc.

3.12 FAN POWERED VARIABLE VOLUME TERMINAL UNIT (FPT)

A. System Off:

1. Fan off.

2. Heating water control valve closed. (if applicable)
B. System Start:

1 Automatically by the BMS based on preprogrammed schedule.
2 Operator entered command at the BMS.

3. Automatically on low space temperature alarm.

4 Automatically by tenant override pushbutton.

C. System Operation:
1. Fan Control:
a. Occupied and Warm Up/Cool Down Mode — The fan shall run continuously.
2. Primary Air Damper Control:
a. Occupied and Cool down Mode — Damper shall modulate to provide primary

airflow between minimum and maximum airflow setpoint to maintain space
temperature setpoint.

b. Warm-up Mode — Damper shall be closed.
3. Hot Water Heating Coil or Radiation Valve (if applicable):
a. The valve shall modulate to maintain space temperature at the heating

setpoint. The valve shall modulate in sequence with the primary air damper
and shall be closed if the primary airflow is greater than the minimum
primary heating airflow setpoint.

4. Unoccupied Mode: The system shall be off.
D. System Stop:
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E.

F.

1. Operator command at the BMS or automatically by the BMS based on a
preprogrammed schedule.

2. When the system is called to stop, the system shall revert to that “Off” state as
described above.

Setpoints:

1. Occupied space temperature 68 degrees F heating and 76 degrees F cooling.

2. Unoccupied space temperature 60 degrees F heating and 82 degrees F cooling
3. Alarm at BMS at +/- 2 degrees F from setpoint.

Safeties:

1. Fan shall stop if associated primary air system is shutoff by the fire alarm system.

3.13  FAN COIL UNITS (FCU)
A. System Off:
1. Supply fan off.
2. Chilled water control valve closed. (if applicable)
3. Heating water control valve closed. (if applicable)
4, Control loops inactive.
B. System Start:
1 Automatically by the BMS based on preprogrammed schedule.
2. Operator entered command at the BMS.
3. Local switch.
4 Local temperature sensor.
C. System Operation:
1. The supply fan shall run.
2. The heating coil valve and cooling coil valve shall modulate in sequence to maintain
space temperature setpoint.
D. System Stop:
1. Operator command at the BMS or automatically by the BMS based on a
preprogrammed schedule.
2. When the system is called to stop, the system shall revert to that “Off” state as
described above.
E. Setpoints:
1 Occupied space temperature 68 degrees F heating and 76 degrees F cooling.
2. Unoccupied space temperature 60 degrees F heating and 82 degrees F cooling
3 Alarm at BMS at +/- 2 degrees F from setpoint.
3.14 VARIABLE AIR VOLUME TERMINAL UNIT (VAV)
A. System Start:
1. Automatically by the BMS based on preprogrammed schedule.
2. Operator entered command at the BMS.
3. Automatically by tenant override pushbutton.
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3.15

3.16

System Operation:
1. Primary Air Damper Control:
a. Occupied and Cool down Mode: Damper shall modulate to provide primary
airflow between minimum and maximum airflow setpoint to maintain space

temperature setpoint.

System Stop:

1. Operator command at the BMS or automatically by the BMS based on
preprogrammed schedule.
2. When the system is called to stop, the system shall revert to that “Off” state as

described above.
Setpoints:

1. Occupied space temperature set point of 76 degrees F. Alarm at BMS at +/- 2
degrees F from setpoint.

VARIABLE AIR VOLUME AND FAN COIL UNIT PAIRS

In spaces which are served by VAV boxes and FCUs the following sequence shall be
supplemental.

1. Both units shall be mapped to a common room temperature sensor. The VAV box
shall be the first stage of cooling. This shall be implemented by resetting the cooling
setpoint of the FCU to be 2 degrees greater than the VAV box.

HYDRONIC SYSTEM HEATING / COOLING SWITCH OVER

All Heating/Cooling switchover temperature and BTU setpoints shall appear on graphics and
be user adjustable.

The BMS shall calculate the BTUs of the hot water system and the BTU of the chilled water
system by using temperature and flow meter values and the equation: BTU =
500*GPM*(delta T)

If the outdoor air temperature is greater than 70 degrees, the system shall switch to Cooling
mode.

If the outdoor air temperature is greater than 60 degrees and the Chilled Water BTUs is
greater than the Hot Water BTUs, than the mode shall switch to Cooling.

If the outdoor air temperature is less than 55 degrees, and the Chilled Water BTUs is less
than the Hot Water BTUs, than the mode shall switch to Heating.

If the outdoor air temperature is less than 45 degrees, the system shall switch to Heating
mode.

The system shall only be allowed to switch modes automatically twice per day. Operator
shall be able to switch modes with an override at any time.

In cooling mode, the chillers shall be commanded into cooling mode and have the appropriate
setpoints updated.

In heating mode, the chillers shall be commanded into heating mode and have the
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appropriate setpoints updated.

l. When switching between modes, the steady state water flow to the chillers shall be
maintained throughout the transition. The Controls Contractor shall bear full responsibility for
selecting appropriate valve actuators that will allow the necessary timing for smooth
transitions from mode to mode. Modulating valves shall be provided in place of 2-position
valves in location where a specific open and close rate is required for smooth transitions from
mode to mode.

J. The following chart shows the valve configuration for the heating and cooling modes.
Three way valves are shown as “Normal” when flow is through the N.O. port and
“Switched” when flow is through the N.C. ports. See drawings for tag references.

TAG Function Heating Cooling
CW-I-V1 Condenser Water Isolation Valve #1 Closed Open
CW-I-V2 Condenser Water Isolation Valve #2 Switched Normal
CW-1-V3 Condenser Water Isolation Valve #3 Switched Normal
HI-R-V Heat Injection Return Valve Open Closed
HI-S-V Heat Injection Supply Valve Modulating Normal

3.17 HEAT EXCHANGER / CONDENSER WATER LOOP

A. System Operation:
1. Cooling Mode:

a. The heat injection loop isolation valves shall isolate the condenser water
from the chilled water.

b. The condenser water pumps shall start and operate continuously in cooling
mode.

C. The condenser water pump speed shall modulate to maintain the condenser
water differential pressure (CW-DP) at setpoint.
Q) Setpoint to be determined by balancer to achieve design flow

through primary condensers
d. The ground water loop pump speed shall modulate to maintain the

condenser water return temperature (CW-R-T) at setpoint.

Q) Setpoint shall initially be a 64 degrees F

Heating Mode:

Pumps:
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The condenser water pumps shall stop.
The ground water loop pump speed shall modulate to maintain the
condenser water return temperature (CW-R-T) at setpoint.

(1) Setpoint shall initially be at 56 degrees F

When starting the lead pump, the pump speed shall modulate to maintain a
temporary setpoint. This setpoint shall linearly ramp from OPSI to the final
setpoint over a 2 minute period.

Pump speed shall modulate to maintain the condenser water loop
differential pressure at setpoint. Setpoint shall be determined by balancer.
If the lead pump speed is greater than 95% and the differential pressure is 2
PSI below setpoint for more than 5 minutes, the lag pumps shall ran up and
maintain the same speed as the lead pump.

If the sum of the pump speeds is below 85% for more than 5 minutes, the

AUTOMATIC CONTROL SEQUENCES COWPERWOOD
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B. Alarms:

lag pumps shall ramp down and stop.

Lead/Lag:

(1) The BMS shall totalize the runtime of each pump in a lead/lag pump
pair.

(2 Once per week at 8:00 am, the pump with the most runtime shall be
re-assigned as the lag pump.

3 During the weekly changeover, if only one pump is operating, the

new lead pump shall start. Once both pumps have been confirmed
as operational, the old lead pump shall stop.

4) If the lead pump fails or alarms, then the lead/lag order shall switch
and an alarm shall be generated.

Alarm at BMS at +/- 5 degrees F from setpoint.

Alarm BMS at +/- 2 PSI from setpoint.

Condenser Water Freeze Alarm: If any condenser water temperature
sensor is 38 degrees F or less, an alarm at the BMS indicating low
temperature shall notify the operator.

3.18 GROUND WATER LOOP SYSTEM

A. System Operation:
1. Ground water pumps shall operate at all times.
2. Pump speed (see 230993, 3.13, A-1-C and A-2-C)
B. Alarms:
1. Condenser Water Freeze Alarm: If any ground water temperature sensor is 38
degrees F or less, an alarm at the BMS indicating low temperature shall notify the
operator.

3.19 CHILLED WATER LOOP

A. System Operation:
1. Cooling Mode:
a. Operating chiller(s) shall modulate output to maintain the chilled water

10/15/08 PKG 3 BID SET
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supply temperature at setpoint.
(1) Setpoint shall initially be 44 degrees F

If the lead chiller is operating and the lead chiller’s load is greater than 90%
for more than 5 minutes and the chilled water supply temperature (CHW-S-
T) is 4 degrees above setpoint for more than 5 minutes. The lag chiller shall
start.

(1) When the lag chiller starts, the isolation valves shall open fully
before the chiller is enabled.

If both chillers are operating and the sum of both chiller’s operating loads is
less than 80% for more than 5 minutes, the lag chiller shall stop.

(1) When stopping the lag chiller, the chiller shall be disabled. Aftera 3

minute delay the isolation valves shall close.

AUTOMATIC CONTROL SEQUENCES COWPERWOOD
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d.

The minimum run time and stop time for each chiller is 30 minutes.

2. Heating Mode:

a.

b.

The chilled water supply temperature is maintained by the chillers between
an upper and lower limit only.

The heat injection supply valve (HI-S-V) shall modulate to maintain the
chilled water return temperature (CHW-R-T) at setpoint (initially at 60F). In
heating mode, maintain a minimum valve position of 10% to divert a small
water flow though the heat exchangers at all time.

3. Chiller Lead/Lag

a.

Chiller Lead/Lag order shall be selected by the operator.

(1) If both chiller are operating, no action shall occur until the chiller
load dictates that a chiller shall shut down, at which time the new
Lag chiller shall stop.

(2 If only one chiller is operating and the operator initiates a
changeover, the new lead chiller shall be enabled.

€)) Once the BMS has confirmed both chillers are operational,
the old lead chiller shall be disabled.

4, Chilled Water Bypass Valve

a.

5. Pumps:

10/15/08 PKG 3 BID SET
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Modulate the chilled water bypass valve (CHW-BP-V) to maintain the chilled
water flow rate (CHW-F) at setpoint. The flow rate setpoint shall reset based
on the number of chillers in operation. (see equipment schedule for flow
rates) and the position of the heat injection valve.

(1) If the heat injection control valve is more than 95% open and the
setpoint is less than the maximum flow rate of the total number of
operating chillers, the flow rate setpoint shall increase by 100 GPM
every 5 minutes.

(2) If the heat injection control valve is less than 5% open and the
setpoint is greater than the maximum flow rate of the total number
of operating chillers, the flow rate setpoint shall decrease by 100
GPM every 5 minutes.

When starting the lead pump, the pump speed shall modulate to maintain a
temporary setpoint. This setpoint shall linearly ramp from OPSI to the final
setpoint over a 2 minute period.

Modulate pump speed to maintain the differential pressure (CHW-DP) at
setpoint.

(1) Setpoint shall be determined by balancer.

If the lead pump speed is greater than 95% and the differential pressure is 2
PSI below setpoint for more than 5 minutes, the lag pumps shall ran up and
maintain the same speed as the lead pump.

If the sum of the pump speeds is below 85% for more than 5 minutes, the
lag pumps shall ramp down and stop.

Lead/Lag:

() The BMS shall totalize the runtime of each pump in a lead/lag pump
pair.

AUTOMATIC CONTROL SEQUENCES COWPERWOOD
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)
3)

(4)

B. Alarms:

PonNPE

Once per week at 8:00 am, the pump with the most runtime shall be
re-assigned as the lag pump.

During the weekly changeover, if only one pump is operating, the
new lead pump shall start. Once both pumps have been confirmed
as operational, the old lead pump shall stop.

If the lead pump fails or alarms then the lead/lag order shall switch
and an alarm shall be generated.

Alarm BMS at +/- 5 degrees F from setpoint.

Alarm BMS at +/- 2 PSI from setpoint

Alarm BMS at +/- 50 GPM from setpoint.

Chilled Water Freeze Alarm: If any chilled water temperature sensor is 38 degrees F

or less, an alarm at the BMS indicating low temperature shall notify the operator.

3.20 HEATING HOT WATER LOOP

A. System Operation

1. Cooling Mode:

a. In cooling mode the hot water system shall be disabled above 70 degrees F
and enabled below 65 degrees F.
b. HW System Enabled

(1)

(2)
3)
(4)

(5)

(6)

(7)

(8)

(9)

(10)

The heating condenser valves shall route heating water through the
chillers’ heating condensers.

The first stage of heating shall be the chillers’ heating condensers.
The hot water supply temperature is maintained by the chillers
between an upper and lower limit only.

If the hot water supply temperature (HW-S-T) is less than 10
degrees below setpoint for 5 minutes, then the isolation valve on
the lead boiler shall open and the boiler shall be enabled.

Boiler output shall modulate to maintain the boiler hot water supply
at setpoint (B1-S-T & B2-S-T).

€) Modulate the boiler setpoint between 140 and 170 degrees
F to maintain the hot water supply temperature (HW-S-T) at
setpoint.

If the lead boiler is operating and supply hot water temperature
setpointis 170 degrees and the supply water temperature (Bx-S-T)
is below 160 for 10 minutes, then the isolation valve for the lag
boiler shall open and the lag boiler shall be enabled.

Boiler outputs shall modulate to maintain hot water supply (B1-S-T
and B2-S-T) at setpoint.

If both boilers are operating and the boiler entering water
temperature (B-EW-T) is within 20 degrees of the boiler setpoint for
more than 5 minutes, the lag boiler shall be disabled.

If only the lead boiler is operating and the boiler entering water
temperate (B-EW-T) is within 20 degrees of the boiler setpoint for
more than 5 minutes, the lead boiler shall be disabled.

When a boiler is disabled, then a 2 minute delay shall occur before
the isolation valve shall close.

C. HW System Disabled

10/15/08 PKG 3 BID SET AUTOMATIC CONTROL SEQUENCES COWPERWOOD
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Q) Boilers shall be disabled
2 HW Pumps shall be disabled

2. Heating Mode:

3. Pumps:

10/15/08 PKG 3 BID SET
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The hot water condenser valves shall route heating water through the
chillers’ primary condensers.

The first stage of heating shall be the chillers’ primary condensers.

When the chillers are in heating mode, the chillers shall maintain the hot
water supply temperature at setpoint.

If one chiller is operating and the chiller's load is greater than 90% for more
than 5 minutes and the boiler entering water temperature (B-EW-T) is 4
degrees below setpoint for more than 5 minutes. The second chiller shall
start.

Q) When the lag chiller starts, the isolation valves shall open fully
before the chiller is enabled.

If both chillers are operating and the sum of both chiller's operating loads is
less than 90% for more than 5 minutes, the lag chiller shall stop.

Q) When stopping the lag chiller, the chiller shall be disabled. Aftera 3
minute delay the isolation valves shall close.

The minimum run time and stop time for each chiller is 30 minutes.

If both chillers are operating and the hot water supply temperature (HW-S-T)
is 5 degrees below setpoint for 5 minutes, then the isolation valve on the
lead boiler shall open and the boiler shall be enabled.

Boiler output shall modulate to maintain the boiler hot water supply at
setpoint.

(1) Modulate the boiler setpoint between 140 and 170 degrees F to
maintain the hot water supply temperature (HW-S-T) at setpoint.

If the lead boiler is operating and supply hot water temperature setpoint is
170 degrees and the supply water temperature is below 160 degrees for 10
minutes, then the isolation valve for the lag boiler shall open and the lag
boiler shall be enabled.

If the lead boiler is operating and supply hot water temperature is 5 degrees
below setpoint for 5 minutes, then the isolation valve for the lag boiler shall
open and the boiler shall be enabled.

Boiler output shall modulate to maintain hot water supply at setpoint.

If only the lead boiler is operating and the boiler entering water temperate
(B-EW-T) is within 20 degrees of the boiler setpoint for more than 5 minutes,
the lead boiler shall be disabled.

When a boiler is disabled, a 2 minute delay shall occur before the isolation
valve shall close.

When starting the lead pump, the pump speed shall modulate to maintain a
temporary setpoint. This setpoint shall linearly ramp from OPSI to the final
setpoint over a 2 minute period.

Pump speed shall modulate to maintain the process water loop differential
pressure at setpoint. Setpoint shall be determined by balancer.

If the lead pump speed is greater than 95% and the differential pressure is 2
PSI below setpoint for more than 5 minutes, the lag pumps shall ran up and
maintain the same speed as the lead pump.

If the sum of the pump speeds is below 85% for more than 5 minutes, the

AUTOMATIC CONTROL SEQUENCES COWPERWOOD
230993-17 BATTELLE



4.

B. Alarm:

1.

lag pumps shall ramp down and stop.
e. Lead/Lag:

(1) The BMS shall totalize the runtime of each pump in a lead/lag pump

pair.

(2 Once per week at 8:00 am, the pump with the most runtime shall be
re-assigned as the lag pump.

3 During the weekly changeover, if only one pump is operating, the

new lead pump shall start. Once both pumps have been confirmed
as operational, the old lead pump shall stop.

4) If the lead pump fails or alarms, then the lead/lag order shall switch
and an alarm shall be generated.

Boiler Lead/lag:
a. The BMS shall totalize the runtime of boiler.

b. If both boilers are off, the boiler with the most runtime shall be re-assigned
as the lag pump.

Alarm BMS at +/- 5 degrees F from setpoint.

C. Safeties:

1.

Boiler shall be equipped with all safeties as recommended by manufacture and
required by codes.

3.21 PROCESS WATER LOOP

A. Temperature Controls

1.

The Process Water Temperature control valve (PW-V) shall modulate to maintain the
supply process water temperature at setpoint (initially 60 degrees F)

B. Pump Controls

1.

When starting the lead pump, the pump speed shall modulate to maintain a
temporary setpoint. This setpoint shall linearly ramp from OPSI to the final setpoint
over a 2 minute period.

2. Pump speed shall modulate to maintain the process water loop differential pressure
at setpoint. Setpoint shall be determined by balancer.

3. If the lead pump speed is greater than 95% and the differential pressure is 2 PSI
below setpoint for more than 5 minutes, the lag pumps shall ran up and maintain the
same speed as the lead pump.

4, If the sum of the pump speeds is below 85% for more than 5 minutes, the lag pumps
shall ramp down and stop.

5. Lead/Lag:

a. The BMS shall totalize the runtime of each pump in a lead/lag pump pair.

b. Once per week at 8:00 am, the pump with the most runtime shall be re-
assigned as the lag pump.

C. During the weekly changeover, if only one pump is operating, the new lead
pump shall start. Once both pumps have been confirmed as operational,
the old lead pump shall stop.

d. If the lead pump fails or alarms, then the lead/lag order shall switch and an
alarm shall be generated.

C. Alarm:
10/15/08 PKG 3 BID SET AUTOMATIC CONTROL SEQUENCES COWPERWOOD
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1.

Alarm BMS at +/- 5 degrees F from setpoint.

3.22 ELECTRIC SWITCHGEAR AIR CONDITIONING SYSTEMS

A. System Off:

1. Fan shall be off.

2. Chilled water valve closed.
B. System Start:

1. Locally from space thermostat.
C. System Operation:

1. The re-circulating supply fan shall be controlled by a space thermostat to maintain an
adjustable set space temperature. On a rise in temperature above 85 degrees F
adjustable, the thermostat shall energize the supply fan. On a drop in space
temperature below 80 degrees F, the space thermostat shall de-energize the supply
fan. The chilled water valve shall modulate open when the supply fan starts.

D. System Stop:

1. On a drop in space temperature below 80 degrees F revert to the system off state.
E. Setpoints:

1. System on at 85 degrees F; system off at 80 degrees F.
F. Safeties:

1. Provide high room temperature alarm at the BMS.

3.23 LABORATORY CHILLED WATER SYSTEM

A. The chilled water system shall operate at all times.
B. The BMS shall communicate to the chiller by the BACnet protocol.

1. The BMS shall command the chiller to start / stop.

2. The BMS shall reset the supply water setpoint.

C. Pumps:

1. When starting the lead pump, the pump speed shall modulate to maintain a
temporary setpoint. This setpoint shall linearly ramp from OPSI to the final setpoint
over a 2 minute period.

2. Pump speed shall modulate to maintain the chilled water loop differential pressure at
setpoint. Setpoint shall be determined by balancer.

3. If the lead pump speed is greater than 95% and the differential pressure is 2 PSI
below setpoint for more than 5 minutes, the lag pumps shall ran up and maintain the
same speed as the lead pump.

4, If the sum of the pump speeds is below 85% for more than 5 minutes, the lag pumps
shall ramp down and stop.

5. Lead/Lag:

a. The BMS shall totalize the runtime of each pump in a lead/lag pump pair.
b. Once per week at 8:00 am, the pump with the most runtime shall be re-
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E.

assigned as the lag pump.

During the weekly changeover, the new lead pump shall ramp up to the
same speed as the old lead pump over a 2 minute period. Once both
pumps have been confirmed as operational, the old lead pump shall ramp
down and stop over a 2 minute period.

If the lead pump fails or alarms, then the lead/lag order shall switch and an
alarm shall be generated.

If the lead pump fails or alarms, then the lead/lag order shall switch and an

alarm shall be generated.
Alarm:
1. Alarm BMS at +/- 5 degrees F from setpoint.
2. Alarm BMS at +/- 2 PSI from setpoint.
3

Monitor chiller and VFDs for alarms.

Safeties:

1. Chilled Water Freeze Alarm: If any temperature sensor is 34 degrees F or less, an

alarm at the BMS indicating low temperature shall notify the operator.

3.24 REFRIGERATION MACHINERY ROOM VENTILATION
A. System Off:
1. Exhaust fan shall be off.
2. Outside air damper shall be closed
B. System Start:
1 Operator entered command at the BMS.
2 Automatically by the BMS based on space temperature sensor.
3. Automatically based on activation of the chiller plant emergency fan operation switch.
4 Automatically by the BMS based on input from the refrigerant monitoring system.
C. System Operation:
1. If fan is starting based on temperature, the outside air damper shall open 30 seconds
before the fan starts.
2. If the fan is starting based on emergency fan switch or refrigerant leak detection, the
fan shall start and the dampers shall open simultaneously.
3 Fans shall cycle on and off to satisfy space temperature setpoints.
4, Fans on due to emergency fan switch or refrigerant leak detection.
D. System Stop:
1. Operator entered command at the BMS.
2. Space temperature is below setpoint.
3. Shutdown switch or leak detection alarm is reset.
E. Setpoints:
1. Space temperature setpoint 75 degrees F +/-10 degrees.
F. Alarms:
1. Fan failure based on proof of airflow.
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3.25 TOILET EXHAUST AND ELECTRIC CLOSET EXHAUST FANS

A. System Off:
1. Fans off.
B. System Start:
1. Automatically by the BMS based on preprogrammed schedule.
2. Operator entered command at the BMS.
C. System Operation:
1. Fans start.
D. System Stop:
1. Operator command at the BMS or automatically by the BMS based on a
preprogrammed schedule.
2. When the system is called to stop, the system shall revert to that “Off” state as

described above.

E. Alarms:
1. Fan failure.
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3.26 INPUT/OUTPUT SUMMARY SHEETS

A. The following pages provide a list of input/output points. The Contractor shall provide necessary hardware and software including sensors and
wiring.
B. Contractor shall coordinate this points list with the control drawings M6.01, M6.02, and M6.03 and the BMS Sequence of Operations.

Heat Recovery Ventilator (Typ x2)

SYSTEM POINT LIST

ANALOG DIGITAL SYSTEM FEATURES
INPUT OUTPUT INPUT OUTPUT ALARMS PROGRAMS

EQUIPMENT TAG
AND POINT
DESCRIPTION

KEY TO
NOTES

PRESSURE

RH

AIRFLOW

SET POINT ADJ.
STATUS ON/OFF
STATUS OPEN/CLOSED
HIGH-LOW LEVEL
OPEN-CLOSED
HIGH ANALOG

LOW ANALOG

HIGH BINARY

LOW BINARY

TIME SCHEDULING
OPT. START/STOP
RESET

RUN TIME
MORNING WARMUP

OFF-ON

x| TEMPERATURE

Return Air

Return Filter DP

x

X

Evap Spray Pump

Evap Spray Drain

x| X
XXX

Evap Spray Mayup

Exhaust Air Temp X

Outside Air Temp X

XXX |X|X|X|X|X| COLOR GRAPHIC

Outside Air Flow X X | X

GENERAL NOTES
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Heat Recovery Ventilator (Typ x2)

SYSTEM POINT LIST

EQUIPMENT TAG
AND POINT
DESCRIPTION

ANALOG

DIGITAL

SYSTEM FEATURES

INPUT

OUTPUT

INPUT

OUTPUT

ALARMS

PROGRAMS

TEMPERATURE

PRESSURE

RH

POSITION
STATUS ON/OFF

SET POINT ADJ.

HIGH-LOW LEVEL

OFF-ON

HIGH ANALOG
LOW ANALOG
HIGH BINARY

LOW BINARY

TIME SCHEDULING

OPT. START/STOP

RESET
RUN TIME

MORNING WARMUP

KEY TO
NOTES

Outside Air Damper

X| STATUS OPEN/CLOSED

x| OPEN-CLOSED

Outside Air Filter

X

Pre Coil Air Temp

Heating Coil Valve

Cooling Coil Valve

XX

Low Temp Det

HW Coil Disc Temp

Hi Static Safety

X

X|X|X|X|X|X|X|X| COLOR GRAPHIC

GENERAL NOTES

1. Hardwire safety to VFD.
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Heat Recovery Ventilator (Typ x2)

SYSTEM POINT LIST

ANALOG DIGITAL SYSTEM FEATURES
INPUT OUTPUT INPUT OUTPUT ALARMS PROGRAMS
a)
&
o
9 1 Ola 2
EQUIPMENT TAG : w O Z|0 Q =
W - el S8 T = KEY TO
AND POINT o 3 olZla 9 OlO|s S v a < NOTES
DESCRIPTION | 2| | < S| g %) 9|10 |x|& o E < =
<|x = =|0|0|=2 9 <|z <ZE < T % Olwlo
x> = Olw|wn|O =0 Z|Z2|=|Z2 Ok =z
aF 21812121212 | 1BI3] |2|3|2|2] | |8]%|5|&|E|2
S|w ool R 5 W| 5121513 Wiln|lalz|x
w|x| T wia|oO|lk|k|=2 | o 20|20 =/o|lw|o[D|9
[ % ninlajln|n|I o|O I|J|xT|3 F|lOojlx|Oo|x|=
Supply Air X X X | X X
Supply Static Press X X
Supply Fan X X X XX 12,3
Supply Damper X X X | X 4
Building Static X XX X 5,6
Pressure 1st floor
Building Static X XX X 5,6
Pressure 2nd floor

GENERAL NOTES

1. Integrate to VFD with BMS network to provide access to all available VFD points.
2. One VFD drives 9 supply fans as part of the supply fan wall system
3. The status of each of the 9 supply fans shall be monitored. Current sensing relays shall be configured such that if any fan fails an alarm is

generated.

4. Hardwire end switch to VFD.

5. Locate indoor pressure reference in corridor.

6. One first floor sensor shall server HRV-1 and HRV-2 simultaneously.
7. One second floor sensor shall server HRV-1 and HRV-2 simultaneously.
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Heat Recovery Ventilator (Typ x2)

SYSTEM POINT LIST

ANALOG DIGITAL SYSTEM FEATURES
INPUT OUTPUT INPUT OUTPUT ALARMS PROGRAMS

EQUIPMENT TAG
AND POINT
DESCRIPTION

KEY TO
NOTES

PRESSURE

RH

HIGH-LOW LEVEL
HIGH ANALOG
LOW ANALOG
HIGH BINARY

LOW BINARY

RUN TIME
MORNING WARMUP

STATUS OPEN/CLOSED
RESET

SET POINT ADJ.
STATUS ON/OFF
OPEN-CLOSED
TIME SCHEDULING
OPT. START/STOP

TEMPERATURE
SPEED

OFF-ON

Heat pipe bypass

X|X| POSITION
X|X| COLOR GRAPHIC

Heat pipe face

GENERAL NOTES
1.
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Office AHUs (Typ x3)

SYSTEM POINT LIST

ANALOG DIGITAL SYSTEM FEATURES
INPUT OUTPUT INPUT OUTPUT ALARMS PROGRAMS
a
&
S Qla 5
EQUIPMENT TAG . w|Oo|m Z|0 Q =
w - T = T o KEY TO
AND POINT x o olZlm 0 Q1o D » o < NOTES
DESCRIPTION | 3| | < S|ul 0 Clol& |z DIE < S
<| E |00 =2 3 < | < <Z( < T % olwlo
x> = Olw|wn|O =0 Z|Z2|=|Z2 Ok =z
18 |52 8512121Z] | 1212] [FIE|3I2] | |G|01BI81E 2
7 T 7 T T W o
w n w = a|z
AEIEIEIEEHEE tE 81383 2 £23/3|8
Flo|jx|Ojl|ln|n|aln|n|I O|0O IT|J|T|3 F|lOoO|lx|Oo|lx|=
Return Air X X[ X X | X X
Return Air Fan X X X X | X 1
Supply Air Fan X X X XX 1
Mixed Air Dampers X X
Qutdoor Air X X X | X X
Minimum OSA Dmpr X X
Indirect Evaporative X X | X
Cooling
Indirect Evaporative | X X | X X
Cooing Sup Temp
GENERAL NOTES
1. Integrate to VFD with BMS network to provide access to all available VFD points.
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Office AHUs (Typ x3)

SYSTEM POINT LIST

ANALOG

DIGITAL

SYSTEM FEATURES

INPUT

OUTPUT

INPUT

OUTPUT

ALARMS

PROGRAMS

EQUIPMENT TAG
AND POINT
DESCRIPTION

PRESSURE

RH

POSITION
STATUS ON/OFF

SET POINT ADJ.

STATUS OPEN/CLOSED
HIGH-LOW LEVEL

OPEN-CLOSED

OFF-ON

HIGH BINARY
LOW BINARY

TIME SCHEDULING

OPT. START/STOP

RESET

RUN TIME

MORNING WARMUP

KEY TO
NOTES

X| TEMPERATURE

Mixed Air Temp

x| HIGH ANALOG
x| LOW ANALOG

Filter DP

X

Heating Coil Valve

X

X
X

Low Temp Det

HW Coil Disc Temp | X

Chilled Coil Valve

Supply Air XX

Hi Static Safety X

XXX |X|X|X|X]|X| COLOR GRAPHIC

GENERAL NOTES
1. Hardwire safety to VFD.
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Office AHUs (Typ x3)

SYSTEM POINT LIST

ANALOG DIGITAL SYSTEM FEATURES
INPUT OUTPUT INPUT OUTPUT ALARMS PROGRAMS
a)
L
o
9 - Qla 2
EQUIPMENT TAG : w O Z|0 Q =
w - ol SR I & KEY TO
AND POINT x o olZlm 0 QO D » o < NOTES
DESCRIPTION | 2| | < S| g %) 9|10 |x|& o E < =
K 213 |2]2|3 IREEHHERBHHEEBE
iF 212l 1B1213] | 1312 |E|Z|2)E] | 1B5|6|5]2)E
&= I v I I TR o
S|w |0 < | <| L ol 2|2 S El8lal5
T Y | Qo 4 o o|lw|lo|o|9
= g (4 LJ)J 8 ho|T o|0O I 9 I 9 F|lO|lx|O|x|=
Supply Damper X X X | X 1,2
Building Static X XX X 3,4
Pressure Sensor
Outside Air Damper X X

GENERAL NOTES
1. Hardwire safetyend swiich to VFD.
2. Supply Dampers on RTU-4 and RTU-5 only

3. One sensor shall serve RTU-3 and one sensor shall serve RTU-3 and RTU-4 simultaneously.

4. Locate indoor reference in corridors near main entrance.
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Mechanical Room Ventilation

SYSTEM POINT LIST

EQUIPMENT TAG
AND POINT
DESCRIPTION

ANALOG

DIGITAL

SYSTEM FEATURES

INPUT OUTPUT

INPUT

OUTPUT

ALARMS

PROGRAMS

TEMPERATURE

PRESSURE

RH

POSITION

PPM
SET POINT ADJ.

HIGH-LOW LEVEL

STATUS OPEN/CLOSED
ALARM LEVEL

WARNING LEVEL

OPEN-CLOSED

HIGH ANALOG
LOW ANALOG
HIGH BINARY

LOW BINARY

TIME SCHEDULING

OPT. START/STOP

RESET

MORNING WARMUP

KEY TO
NOTES

EF-1-1

x| STATUS ON/OFF

x| OFF-ON

X| RUN TIME

Outside Air Damper

X

Space Temperature

>

Refrigerant Level

X

Refrigerant
Emergency
Ventilation Switch

x
x| X

X|X|X|X|X| COLOR GRAPHIC

EF-R-4

GENERAL NOTES

1. Break-glass type switch. Hardwire to EF-1-1 and damper.
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Misc Points

SYSTEM POINT LIST

EQUIPMENT TAG
AND POINT
DESCRIPTION

ANALOG

DIGITAL

SYSTEM FEATURES

INPUT OUTPUT

INPUT

OUTPUT

ALARMS

PROGRAMS

TEMPERATURE
ENERGY RATE
ENERGY USE

SET POINT ADJ.
STATUS ON/OFF

STATUS OPEN/CLOSED
HIGH-LOW LEVEL

OPEN-CLOSED

OFF-ON

HIGH ANALOG
LOW ANALOG
HIGH BINARY

LOW BINARY

TIME SCHEDULING

OPT. START/STOP

RESET

RUN TIME

MORNING WARMUP

KEY TO
NOTES

Domestic Water
Flow Meter

X| TOTAL USAGE

x| COLOR GRAPHIC

Air Comp Alarm

x

Vacuum Sys Alarm

Generator Run Stat

Pure Water System
Alarm

XXX | X

XXX | X

Natural Gas Meter

=

Square D Electrical
Meters

x| X

GENERAL NOTES

1. Provide sufficient point quantity and type to provide a totalize water usage value.
2. Ingrate BMS with Square D Electrical Meter and provide access to all available data.

10/15/08 PKG - 3B BID SET

392-504 WSP FLACK + KURTZ

AUTOMATIC CONTROL SEQUENCES

230993-30

COWPERWOOD
BATTELLE




Misc Points

SYSTEM POINT LIST

EQUIPMENT TAG
AND POINT
DESCRIPTION

ANALOG

DIGITAL

SYSTEM FEATURES

INPUT

OUTPUT

INPUT OUTPUT

ALARMS

PROGRAMS

ENERGY RATE

ENERGY USE
TOTAL USAGE

SET POINT ADJ.

STATUS ON/OFF

STATUS OPEN/CLOSED
HIGH-LOW LEVEL
OPEN-CLOSED

OFF-ON

HIGH BINARY
LOW BINARY

TIME SCHEDULING

OPT. START/STOP

RESET

RUN TIME

MORNING WARMUP

KEY TO
NOTES

Cold Room Monitor

X| TEMPERATURE

x| HIGH ANALOG
x| LOW ANALOG

Toilet Exhaust Fan

X

X

X|X| COLOR GRAPHIC

X

GENERAL NOTES

1. Typical — See drawings for quantities.
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Process Steam / Outdoor Points

SYSTEM POINT LIST

ANALOG DIGITAL SYSTEM FEATURES
INPUT OUTPUT INPUT OUTPUT ALARMS PROGRAMS

EQUIPMENT TAG
AND POINT
DESCRIPTION

KEY TO
NOTES

PRESSURE
HIGH-LOW LEVEL
HIGH ANALOG
LOW ANALOG
HIGH BINARY

LOW BINARY
MORNING WARMUP

RH
TOTAL USAGE

CO2

STATUS OPEN/CLOSED
RESET

STATUS ON/OFF
OPEN-CLOSED
TIME SCHEDULING
OPT. START/STOP

TEMPERATURE
SET POINT ADJ.

x| OFF-ON
X | RUN TIME

Steam Generator

X|X| COLOR GRAPHIC

x
x

Steam Generator
Alarm

Steam Pressure X X | X

XXX

Outdoor Air X X X X | X

GENERAL NOTES

10/15/08 PKG - 3B BID SET AUTOMATIC CONTROL SEQUENCES COWPERWOOD
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Ground Water System

SYSTEM POINT LIST

EQUIPMENT TAG
AND POINT
DESCRIPTION

ANALOG

DIGITAL

SYSTEM FEATURES

INPUT OUTPUT

INPUT

OUTPUT

ALARMS

PROGRAMS

PRESSURE

RH

SET POINT ADJ.
STATUS ON/OFF

SPEED

STATUS OPEN/CLOSED
HIGH-LOW LEVEL

OPEN-CLOSED

OFF-ON

HIGH BINARY
LOW BINARY

TIME SCHEDULING

OPT. START/STOP

RESET

RUN TIME

MORNING WARMUP

KEY TO
NOTES

Ground Water
Supply

X| TEMPERATURE

x| FLOW RATE (GPM)

x| HIGH ANALOG
x| LOW ANALOG

x| COLOR GRAPHIC

Common Ground
Return

x

x

x
>

>

HX-1 Return Temp

HX-2 Return Temp

X |X

x| X
x| X

Ground Water Pump

XXX

12,3

GENERAL NOTES

1. Integrate to VFD with BMS network to provide access to all available VFD points.
2. See Civil Drawing for number of pumps and pump designations.

3. Typical x2
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Lab Exhaust

SYSTEM POINT LIST

ANALOG

DIGITAL

SYSTEM FEATURES

INPUT OUTPUT

INPUT

OUTPUT

ALARMS

PROGRAMS

EQUIPMENT TAG
AND POINT
DESCRIPTION

TEMPERATURE

RH
AIRFLOW (CFM)

POSITION

SPEED
STATUS ON/OFF

SET POINT ADJ.

STATUS OPEN/CLOSED
HIGH-LOW LEVEL

OPEN-CLOSED

OFF-ON

HIGH BINARY
LOW BINARY

TIME SCHEDULING

OPT. START/STOP

RESET

RUN TIME

MORNING WARMUP

KEY TO
NOTES

Duct Static Press

X|X| PRESSURE

Duct Static Press

EF-R-x Airflow

x

X|X|X| HIGH ANALOG
X|X|X| LOW ANALOG

EF-R-1 Fan (VFD)

EF-R-2/3 (Starters)

XX

X |X
x| X

x| X

Outside Air Damper

X|X|X|X|[X|X| COLOR GRAPHIC

NN (WO~

GENERAL NOTES

1. Integrate to VFD with BMS network to provide access to all available VFD points.

2. Typ x2
3. Typ x3
4. HRV-1
5. HRV-2
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Hydronic System - Temperature

SYSTEM POINT LIST

ANALOG DIGITAL SYSTEM FEATURES
INPUT OUTPUT INPUT OUTPUT ALARMS PROGRAMS
a)
%
9 Ol %
EQUIPMENT TAG . w|Oo|m Z|0 Q =
AND POINT W w 2 s> o ol S| T & E@;gg
DESCRIPTION | 3| | 2 < S|ul B Clol& |z DIE < S
IR 5|0z Ol |=|2[2|< T % |Glulo
x> 2 = nln|lo =0 Z|Z2|=|Z2 Ok =z
w| o _| O 51D 513 <|l<|®0|m nlnlFIEIEIS
AHEIIEIr <2l e LR g3 |e|3 = 5 %8|3|8
Fla|x|F n nwln|T O|O gl il e i F|lO|lx|O|x|=
CHW Sup Temp X XX X CHW-S-T
CHW Ret Temp #1 X X[ X X CHW-R-T1
CHW Ret Temp #2 X X | X X CHW-R-T2
Evap 1 Sup Temp X X | X X EVAP1-S-T
Evap 2 Sup Temp X X | X X EVAP2-S-T
Evap Ent Water X X | X X EVAP-EW-T
Temp
GENERAL NOTES
10/15/08 PKG - 3B BID SET AUTOMATIC CONTROL SEQUENCES COWPERWOOD
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Hydronic System - Temperature

SYSTEM POINT LIST

ANALOG DIGITAL SYSTEM FEATURES
INPUT OUTPUT INPUT OUTPUT ALARMS PROGRAMS
a)
&
(@) Ol %
EQUIPMENT TAG . w|o|d Z|o S =
AND POINT W w 2 s> o ol S| T & ';@;gg
DESCRIPTION | 3| | 2 < S|ul B Clol& |z DIE < S
IR 5|0z Ol |=|2[2|< T % |Glulo
x> 2 = nln|lo =0 Z|Z2|=|Z2 Ok =z
w| o a O o I R B 5|2 << @ o= EIEZ
[ < a ElE|T | Z T T Wl - lw|o
3 E(z|5| |B <22 ilE |5|323 = 5|8|3|3)8
Fla|x|F n nwln|T O|O gl il e i F|lO|lx|O|x|=
Primary Cond 1 Sup | X X | X X PC1-S-T
Temp
Primary Cond 2 Sup | X X | X X PC2-S-T
Temp
Hot Condenser 1| X X | X X HC1-S-T
Sup Temp
Hot Condenser 2 | X X | X X HC2-S-T
Sup Temp
GENERAL NOTES
10/15/08 PKG - 3B BID SET AUTOMATIC CONTROL SEQUENCES COWPERWOOD
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Hydronic System - Temperature

SYSTEM POINT LIST

ANALOG DIGITAL SYSTEM FEATURES
INPUT OUTPUT INPUT OUTPUT ALARMS PROGRAMS
[a)
&
S Qla 5
EQUIPMENT TAG . L|O|m Z|0 Q p
AND POINT W w| |3 s> ol |ole S50 |E] |E A
DESCRIPTION | 3| | 2 < S|ul B Clol& |z olE < 3
IR 5|0z Ol |=|2[2|< T % |Glulo
x> 2 = nln|lo =0 Z|Z2|=|Z2 Ok =z
w| o a O o I R B 5|2 << @ o= EIEZ
[ < a ElE|T | Z T T Wl - lw|o
2 Ez|5] | <2 o LR |gl3lel3 = 5 %8|3|8
Fla|x|F n nwln|T O|O gl il e i F|lO|lx|O|x|=
Cond Water Sup X X | X X CW-S-T
Temp
Cond Water Ret X X | X X CW-R-T1
Temp #1
Cond Water Ret X X | X X CW-R-T2
Temp #2
HX-1 Supply X X | X X HX1-S-T
HX-2 Supply X X | X X HX2-S-T
GENERAL NOTES
10/15/08 PKG - 3B BID SET ~ AUTOMATIC CONTROL SEQUENCES COWPERWOOD
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Hydronic System - Temperature

SYSTEM POINT LIST

ANALOG DIGITAL SYSTEM FEATURES
INPUT OUTPUT INPUT OUTPUT ALARMS PROGRAMS
o)
&
o
EQUIPMENT TAG 3| 2ls 0 2
AND POINT | 4 w| |3 | S|s al lole S 0'9) | |2 KEY TO
o
DESCRPTION |2| | 2] |< Qa3 h| |O]|olz|x al=| || | NOTES
A IR 5|02 S| 12|22 T|% [Slulo
[ o = nln|lo =0 Z|Z2|=|Z2 Ok =2
w|m 4 o o I e 5|2 <\ <|@|m o =IEIE|Z
alw < o ElFE|T 7|2 T T Wl || o
3% zl6| |& <Ig o ila |12]3]8|3 =|5|83|3]5
Fla|x|F 0 nlin|lI O|O IT|J|T|a Flojlx|o|x|=
HW Sup Temp X XX X HW-S-T
HW Ret Temp X X | X X HW-R-T
Boiler 1 Sup Temp | X X | X X B1-S-T
Boiler 2 Sup Temp | X XX X B2-S-T
Boiler Entering X X | X X B-EW-T
Water Temp
Process Water X XX X PW-R-T
Return Temp
Process Water X XX X PW-S-T
Supply Temp
GENERAL NOTES
10/15/08 PKG - 3B BID SET AUTOMATIC CONTROL SEQUENCES COWPERWOOD
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Hydronic System — Valves

SYSTEM POINT LIST

ANALOG DIGITAL SYSTEM FEATURES
INPUT OUTPUT INPUT OUTPUT ALARMS PROGRAMS
[a)
0
EQUIPMENT TAG . 2ls S 5
AND POINT | 4 w| |3 | S|s al lole S 0'9) | |2 KEY TO
DESCRIPTION | 2| | [2] |[< Qa3 2 1018|%|% SAEINEIE NOTES
Eld > E| 2 5|lol=z Q HAEIEYE: TE Slwlo
XA > ol|9 w|ln|9 z|O Z| 22| Ok 22
a9 2 g E == i Q|2 g2 NIOIL|Io|IFE|Z
T T T T L o
I8zl B8] |E|E|C i8] 23|83 =5|83]3|S
o ||+~ wm|la wln|x O|O T ||| F|lOjlx|lO|lx|=
Heat Injection X X HI-S-V
Supply Valve
Heat Injection X X HI-R-V
Return Valve
Process Water X X PW-V
Valve
Condenser Water X X CW-I-V1
Iso Valve #1
Condenser Water X X CW-I-Vv2
Iso Valve #2
Condenser Water X X CW-I-V3
Iso Valve #3
GENERAL NOTES
10/15/08 PKG - 3B BID SET AUTOMATIC CONTROL SEQUENCES COWPERWOOD
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Hydronic System — Valves

SYSTEM POINT LIST

ANALOG

DIGITAL

SYSTEM FEATURES

INPUT

OUTPUT

INPUT OUTPUT

ALARMS

PROGRAMS

EQUIPMENT TAG
AND POINT
DESCRIPTION

TEMPERATURE
PRESSURE

RH

TOTAL USAGE

SET POINT ADJ.
POSITION

STATUS ON/OFF

STATUS OPEN/CLOSED
HIGH-LOW LEVEL
OFF-ON

HIGH ANALOG

LOW ANALOG

HIGH BINARY

LOW BINARY

TIME SCHEDULING

OPT. START/STOP

RESET

RUN TIME

MORNING WARMUP

KEY TO
NOTES

Hot Condenser #1
Iso Valve

x| OPEN-CLOSED

x| COLOR GRAPHIC

HC1-V

Hot Condenser #2
Iso Valve

X

X

HC2-V

Primary Condenser
#1 Iso Valve

PC1-v

Primary Condenser
#2 Iso Valve

PC2-v

GENERAL NOTES

10/15/08 PKG - 3B BID SET AUTOMATIC CONTROL SEQUENCES
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Hydronic System — Valves

SYSTEM POINT LIST

ANALOG DIGITAL SYSTEM FEATURES
INPUT OUTPUT INPUT OUTPUT ALARMS PROGRAMS
o)
&
<= ®) o o
EQUIPMENT TAG = . wlolo Z|6 O = KEY TO
AND POINT v o 3 Li>|> o) o 315 T 4
o = Olg|w w Q> | 219 o < NOTES
DESCRIPTION =2 w < S| WD A Slo|z|& olE < =
< > El= 0|02 O A T | T olwlo
XD @ 5|0 wlnlo - Z| 2 =|2 O|kE =z
w v o= S|+ ol = <|l<|@|m nln|FIEIE|S
a|wm = a|E ElE| T )|z T T Wl -jw|o
3% |8 5|8 |E|E|C ila |12]3]8|3 =|5|83|3]5
Fla|z|d na nlin|lI O|O IT|J|T|a Flojlx|o|x|=
Boiler #1 Isolation X X B1-V
Valve
Boiler #2 Isolation X X B2-V
Valve
Evaporator #1 X X EVAP1-V
Isolation Valve
Evaporator #2 X X EVAP2-V
Isolation Valve
Boiler Bypass Valve X X B-BP-V
Chilled Water X X CHW-BP-V
Bypass Valve
GENERAL NOTES
10/15/08 PKG - 3B BID SET AUTOMATIC CONTROL SEQUENCES COWPERWOOD
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Hydronic System — Flow Meters and Pressure Sensors

SYSTEM POINT LIST

ANALOG DIGITAL SYSTEM FEATURES
INPUT OUTPUT INPUT OUTPUT ALARMS PROGRAMS
o)
m)
= S Qla 5
EQUIPMENT TAG = . wlo m Z|0 O =
L - = SR T o KEY TO
AND POINT O a L= > o) o
@x = Olfg| W w Q> | 219 o < NOTES
DESCRIPTION E w w < Slal=2 %) 9 9 x|l a = é =
Tlgl 12| |2l3| |2]a)3 3| 12|21212] | |&|=| |g|ye
w | n x O 8 % % - % Q <|<|m|m ) b) FIXEIE|Z
L2 3| |elal |%|%|E L& |Zlz|E|z Ul le| 2z E
Zlelz|S w|o SEle | a Q1590 =lajw|o|5]|0
o || wnla nliln|x |0 IT|J|IT |3 F|lO|lx|Oo|lx|=
HW Flow X X | X X HW-F
Cond. Water Flow X X | X X CW-F
Chilled Water Flow X X | X X CHW-F
Process Water X X | X X PW-DP
Press
HW Diff Press X X | X X HW-DP
Cond. Diff Press X X | X X CW-DP
Chilled Water Press X X | X X CH-DP
Boiler Diff Press X X | X X B-DP
GENERAL NOTES
10/15/08 PKG - 3B BID SET AUTOMATIC CONTROL SEQUENCES COWPERWOOD
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Hydronic System - Pumps

SYSTEM POINT LIST

ANALOG DIGITAL SYSTEM FEATURES
INPUT OUTPUT INPUT OUTPUT ALARMS PROGRAMS
o)
&
EQUIPMENT TAG . 2ls S 5
AND POINT | 4 w| |3 | S|s al lole S 0'9) | |2 KEY TO
o

DESCRPTION |2| | 2] |< Qa3 h| |O]|olz|x al=| || | NOTES

A IR 5|02 S| 12|22 T|% [Slulo

x> > = nln|loO -3 Z|zZ2=£|Z2 Ol|F S|z

w| o 2 Oln 5|24 ol <|<|Q|m hDlon|-EIE|S

Q| < Q| W ElE|T = T T Wl | w9 o

AP REEEE tg |c|3|2|3 =|58(3|5|S

Fla| x|~ 0|l n nlin|lI O|O I I |2 Flojlx|o|x|=
Chilled Water X X X X | X 1,2
Pumps
Condenser Water X X X X | X 1,2
Pumps
Hot Water Pumps X X X XX 1,2
Process Condenser X X X X | X 1,2
Water Pumps
GENERAL NOTES
1. Integrate to VFD with BMS network to provide access to all available VFD points.
2. Typ x2
10/15/08 PKG - 3B BID SET AUTOMATIC CONTROL SEQUENCES COWPERWOOD
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Hydronic System — Chillers and Boilers

SYSTEM POINT LIST

ANALOG DIGITAL SYSTEM FEATURES
INPUT OUTPUT INPUT OUTPUT ALARMS PROGRAMS

EQUIPMENT TAG
AND POINT
DESCRIPTION

KEY TO
NOTES

STATUS OPEN/CLOSED
OPT. START/STOP

RESET
MORNING WARMUP

TEMPERATURE
PRESSURE
STATUS ON/OFF
TIME SCHEDULING

RH
TOTAL USAGE

SETPOINT
OPEN-CLOSED
HIGH BINARY
LOW BINARY

x| HOT COND SETPOINT
X| EVAPORATOR SETPT
X| PRIMARY COND. STPT
X| HEATING / COOLING
x| HIGH ANALOG

x| LOW ANALOG

Chillers

X|X| ALARM
X|X| OFF-ON
X|X| RUN TIME

>

Boilers

X|X|X| COLOR GRAPHIC

x
>

Boiler Emergency
Stop Button

GENERAL NOTES

1. Integrate Chiller with BMS network to provide access to all available Chiller points.
2. Typical x2

3. Hardwire to Boiler

10/15/08 PKG - 3B BID SET AUTOMATIC CONTROL SEQUENCES COWPERWOOD
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Hydronic System — Lab Chilled Water System

SYSTEM POINT LIST

ANALOG DIGITAL SYSTEM FEATURES
INPUT OUTPUT INPUT OUTPUT ALARMS PROGRAMS
)
&
9 2 Qla %
EQUIPMENT TAG " RS 6, % IQ O s KEY TO
AND POINT o wl C|2Z SlolQlols S| o o z NOTES
DESCRIPTION =2 g S|u B 000z > 3| o g
<|x %) = o|0o Ol~lz|Z|Z|< T | % Tlw|o
x> ) < nln z|0|8|Z2|2|£|2 O|F =z
R 3 o|o S22 S|Z|E|2|<|2|m b|o|-E|E|2
Q| w F| = ; T T Wl W <
AP < E|S IR 2158|3|3(8
Hlo|x|F n|n nln|< o|o|lxT|xT|a|xT|a FlOoO|lx|Oo|x|=
Chiller #3 X X X X[ XX X | X 1,4
Supply Glycol X X | X X 4
Temperature
Return Glycol X X | X X 4
Temperature
Chilled Water X X | X X 4
Supply Temp
Chilled Water X X | X X 4
Return Temp
Chilled Water Diff X X | X X 4
Pressure
CHWP-3&4 X X X X X | X 234

GENERAL NOTES
1. Integrate Chiller with BMS network to provide access to all available Chiller points.
2. Integrate to VFD with BMS network to provide access to all available VFD points.
3. Typical x2
4. All controls on the Lab Chilled Water System shall be powered from emergency power circuit.
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SECTION 23 21 01

HYDRONIC SYSTEMS SPECIALTIES

PART 1 - GENERAL

1.01 WORK INCLUDED

A.

The work of this section shall include, but is not limited to the following:

Air vents

Air separators
Relief valves
Suction diffuser
Expansion tanks

ahrwdhE

|

1.02 SUBMITTALS

A.

B.

C.

Product Data: Certified manufacturer’s latest published data indicating performance data,
catalog cuts, model numbers, materials of construction, dimensional information, and
pressure rating and pressure drops.

ASME Pressure Vessel Forms.

Submit manufacturer analysis of installed glycol solution.

1.03 QUALITY ASSURANCE

A.

Comply with the applicable requirements of ASME, ANSI, UL, ASTM and National Electric
Code.

PART 2 — PRODUCTS

2.01 ACCEPTABLE MANUFACTURERS

A.

B.

E.

F.

Air Vents: Armstrong, Bell & Gossett, Sarco, Hoffman, Amtrol

Air Separators: Spirotherm, Taco, Caleffi. ArmstrongBel-&Gossett-Amirol

Relief Valves: Armstrong, Bell & Gossett, Amtrol, McDonnell Miller, Kunkle
Suction Diffusers: Armstrong, Bell & Gossett
Expansion Tanks: Armstrong, Bell & Gossett, Amtrol, Taco, Wessels

Ethylene Glycol: Dow Chemical Dowtherm SR-1 or Union Carbide Ucartherm

2.02 AIRVENTS

A. Provide air vents with %-inch IPS inlet connection and 3/8-inch outlet, suitable for the system
and for the system working pressure and temperature. Design vents to eliminate air from the
system automatically without permitting the passage of water. Construct vents of brass or
semi-steel body, copper float and stainless steel valve parts.

10/15/08 PKG 3 BID SET HYDRONIC SYSTEMS SPECIALTIES COWPERWOOD
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2.03

2.04

2.05

2.06

AIR SEPARATORS

A.

In-Line Air Separator: Provide as indicated on Drawings, a horizontal in-line air separator
designed to effectively separate free air in water systems. Construct the air separator of
heavy-duty cast iron designed to function satisfactorily at working pressures up to 175
pounds per square inch and liquid temperatures to 300 degrees F. Provide an integral weir
designed to decelerate system flow to maximize air separation.

Coelescing Sentrifugal-Air Separator:

1. Provide as indicated on Drawings, a coelescing eentrifugal-type air separator.
Select unlt at point of peak eff|C|encv for svstem row medew%b&nlet_and-euﬂet

2. Provide steel eliminator with entering velocity not to exceed 4’ per second at peak
6PM.

3. Units shall be equipped with internal air eliminator bundle filling the entire vessel
to suppress turbulence.

4. Each eliminator shall have a separate venting chamber to prevent system
contaminants from harming the venting mechanism

5 Eliminators shall include a bottom connection for a cleaning blow down
connection.

6. Eliminator must be capable of removing 100% of the free air, 100% of the
entramed air and 99.6% of the d|ssolved air in the svstem f|UId

RELIEF VALVES

A.

Provide diaphragm operated safety relief valve, ASME labeled, for relieving pressure. Refer
to Drawings for pressure rating of valve and relief setting. Discharge water shall be through
NPT connection.

Provide valve with a low blow down differential constructed of bronze or iron body. The valve
seat and all moving parts exposed to fluid shall be of non-ferrous material.

SUCTION DIFFUSER

A.

Provide suction diffuser as indicated on the Drawings. Units shall consist of angle type body
with straightening vanes and combination diffuser-strainer-orifice cylinder with 3/16-inch
diameter openings. Provide a permanent magnet located within the flow stream and
removable for cleaning. Equip the orifice cylinder with a start-up disposable fine mesh
strainer. Design orifice cylinder to withstand pressure differential equal to pump shutoff head
a free area equal to five times cross section area of pump suction opening. Straightening
vanes shall extend the full length of the orifice cylinder and be replaceable. Provide unit with
adjustable support foot to carry weight of suction piping.

EXPANSION TANKS

A.

Provide a replaceable bladder type hydro-pneumatic expansion tank especially designed for

10/15/08 PKG 3 BID SET HYDRONIC SYSTEMS SPECIALTIES COWPERWOOD
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use on the services specified. Construct the compression tank of welded steel and equip
with a heavy-duty butyl rubber flexible bladder to maintain a separation between the system
water and the air cushion. The system water shall be contained within the bladder. Provide
with top inlet connection for all water systems. Each tank shall bear an appropriate ASME
label for the following minimum working pressures and temperatures:

1. Building Chilled Water (Or Glycol): 125 pounds per square inch gauge — 100
degrees F.

2. Building Closed Condenser Water System: 125 pounds per square inch gauge —
100 degrees F.

3. Building Hot Water: 125 pounds per square inch gauge — 240 degrees F.

The minimum total tank and bladder volume shall be as specified on the Drawings. Provide a
factory initial charge of [__] pounds per square inch gauge.

Provide suitable structural and seismic support as required for each tank as indicated on the
Drawings.

Provide for each tank, lifting lugs, base ring, drains, charging connections, piping
connections, and specialties as required for bladder replacement and as indicated on the
Drawings. Provide one (1) bottle of nitrogen gas and manifold to be used to charge all tanks.
Each tank shall have an ASME relief valve set at the appropriate pressure.

Provide a UL listed pressure operated by a brass bourdon tube activating a mercury switch.
This switch shall activate a low-pressure alarm as indicated in Section 23 09 00 - Building
Management System (BMS). Mercoid Series DA31-153-7 or approved equal.

Paint the outside of the tank with a shop coat of approved rust inhibiting primer after
fabrication.

2.07 MANUAL AIR VENT

A.

Construct from short vertical section of 2-inch diameter maximum or line size pipe to form air
chamber. Provide 1/8-inch brass needle valve at top of chamber.

PART 3 — EXECUTION

3.01 INSTALLATION

A.

Provide automatic air vents at high points of all piping and as required for removal of air from
the system using ¥-inch steel pipe suitable for the pressure service between the main pipe
and inlet. Provide 3/8-inch OD hard drawn Type L copper tubing from vent outlet for overflow
in case of defective action. Copper tubing shall run into a suitable drain. When vents are
located above hung ceilings, connect all vent drains to a common drain main and pipe to
nearest sink or floor drain. Provide ¥-inch valve in the inlet line for servicing of automatic air
vent. Manual vents may be substituted for automatic vents, at system high points, only as
directed by the Architect and where readily accessible.

Provide at each heat transfer element supplied with water, not less than one ¥2-inch manual
air vent.

Provide manual air vent valves in the piping connections to each hot water heating coil and
each chilled water coil (both supply and return where not automatically vented). Provide soft
temper copper tube pigtail or manual vents so that vent can be discharged into a bucket.

Provide relief valves at expansion tanks, pressure tanks and as indicated. Install relief valves
in upright position with discharge piped to nearest floor drain.
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E. System relief valve capacity shall equal makeup valve capacity. Equipment relief valve
capacity shall exceed flow rating of connected equipment. Where one pipe vents several
relief valves, cross section area shall equal sum of individual vent areas.

F. Install suction diffusers on pump inlets with ample space for basket removal. Where pumps
are mounted on inertia pads, suction diffuser will be supported with steel pipe section on
inertia pad. All other installations, the suction diffuser shall be supported by steel pipe section
on a neoprene pad 1-inch thick. Remove start-up strainer after start-up and pipe cleaning
has been accepted by Owner.

END OF SECTION
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SECTION 23 21 13
PIPING AND ACCESSORIES
PART 1 —- GENERAL
1.01 WORK INCLUDED
A. The work of this section shall include, but is not limited to, the following:

Piping

Fittings

Jointing Materials

Unions and Couplings
Mechanically Coupled Pipe

Heat Tracing

Water Detection System
Welding and Jointing Procedures
Cleaning of Piping Systems

0. Testing of Piping Systems

BoOoo~NOoOA~AWNE

1.02 REFERENCE STANDARDS

A. American National Standards Institute (ANSI)
B. American Society of Testing and Materials (ASTM)
C. American Water Works Association (AWWA)
D. American Society of Mechanical Engineers (ASME)

1.03 QUALITY ASSURANCE

A. Welding materials and labor to conform to ASME Code and applicable state Labor
Regulations.
B. All welders shall be certified by ANSI B31.1.0-1986 “Standard Qualification Welding

Procedures, Welders and Welding Operators” or “Qualification Tests” in Section IX, ASME
Boiler and Pressure Vessel Code.

C. Each length of pipe, fitting, trap, fixture or device used in any piping system shall be stamped
or indelibly marked with type, weight, quality and manufacturer’'s name or mark.

D. Water detection systems shall comply with all codes having jurisdiction. The manufacturer
shall guarantee the system for one year from the date the system is accepted by the Owner.
Contractor shall replace all equipment found to be defective during this period.
1.04 SUBMITTALS
A. Submit the following for review:
1. Schedule indicating the ASTM specification number of the pipe being proposed

along with its type and grade and sufficient information to indicate the type and rating
of fittings for each service.

2. Submit shop drawings indicating anchoring details, anchor points, guide details, etc.
3. Submit manufacturer’s data for strainers and fittings.
4. Submit dimensioned drawings locating pipe penetrations through walls, slabs and

other structural elements, anchor and guide locations, etc.
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5. Submit pipe expansion and flexibility calculations.

6. Submit test reports on all systems tested. Tests required by authorities having
jurisdiction over the work shall be submitted on appropriate forms to the satisfaction
of such authorities.

Heat Tracing: Equipment sizes, locations, performance data, installation details, wiring
diagrams and controls. Manufacturer’s latest published data for materials, equipment and
installation.

PART 2 — PRODUCTS

2.01 ACCEPTABLE MANUFACTURERS

A. Strainers:
1. Y-type and Basket: Mueller Steam Specialty, Spirax-Sarco, Bailey Div. Of CMB
Industries, Zurn Industries, Victaulic Co. of America
2. Handwheel Operated Type: Hellan Fluid Strainer, Eaton, Yale-Towne
3. Tee Type Grooved End: Victaulic Co. of America
4 Basket Type: Viking
B. Welding Fittings: Hackney, Bonney Forge Foundry, (Weld-o-lets), Weldbend
C. Mechanical Couplings and Fittings: Victaulic, Anvil International Gruvlok
D. Dielectric Fittings:
1. Unions: Watts, Perfection, Central Plastics, EPCO, Zurn, Hart
2. Flanges: Watts, Capital, Central Plastics, EPCO
3. Flange Kits: Calpico, Central Plastics, Advanced Plastics
4. Couplings: Calpico, Lochinvar
5. Nipples: Perfection, Sioux Chief, Victaulic
E. Flange Gaskets: John Crane, Garlock, Manville
F. Pre-Insulated Pipe and Fittings: Ricwil, Rovanco
G. Heat Tracing: Raychem Type XL, Thermon Type FLX, Nelson Electric Type LT
H. Water Detection System: TraceTek TTC-ENC-9/TT1000, or approved equal
l. Cleaning of Piping Systems: Use chemicals as recommended by the water treatment
specialist engaged under Section 15890: Water Treatment
J. Testing of Piping Systems: American Gas and Chemicals “Leak-Tee”, Cosgille Scientific
“Sho Gas”, Flamort Chemical “Detect-A-Leak”, Highside Chemicals “Leak Finder Foam”
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K. Plastic Pipe Fittings: J-M Ring Tight

L. Double-Contained Pipe and Fittings: Flo Safe Systems, Insul-Tek, Orion Fittings, Rovanco,
Thermacor Process, Ricwil

2.02 SCHEDULE OF PIPING SYSTEMS

Service Material Type Weight
Pumped condensate, boiler feed, Steel Black Schedule 40
steam

Steam (over 15 pounds per square Steel Black Schedule 80

inch gauge, less than 3-inch),
condensate return, boiler blowdown

Hot water runouts (radiation, fan Copper Type L Hard

coils, VAV terminal units)

Chilled and condenser water, brine, Steel Black Schedule 40, 0.375-
glycol, hot water heating (under 250 inch wall for 12-inch
degrees F), vapor vents, diesel and larger
engine exhaust, safety relief valve

discharge

Hot water heating (under 250 Copper Type L Hard
degrees F), chilled and condenser Type K (buried) Soft

water runouts;-brine-ghyeol

Equipment drains and overflows, Steel Galvanized Schedule 40
condensate drains, atmospheric Copper Type L Hard

vents, make-up water

Refrigerant Copper Type L Hard, capped and

nitrogen filled

Refer to specific Mechanical
Division sections for services not
listed above, e.g., domestic water -
refer to Section 22 11 00- Domestic
Water Systems
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SCHEDULE OF PIPING FITTINGS

Service Size Material Type Weight
Steam below 15 Up to 2-inch Cast iron Threaded 125 pound
pounds per square inch |  2%-inch to 10- Steel Welded Standard
gauge inch
12-inch and up Steel Welded 0.375 inch wall
Steam at 15 pounds Up to 2¥2-inch Steel Welded Schedule 80
per square inch gauge | 3-inch to 8-inch Steel Welded Standard
and above 10-inch to 30-inch Steel Welded 0.375 inch wall
Steam condensate, Up to 2-inch Cast iron Threaded 250 pound
pumped condensate, 2Y%-inch and Steel Welded Schedule 80
vents, boiler feedwater larger
and blowdown
Chilled, condenser, Up to 2-inch Cast iron Threaded 250 pound
heating—hot—water; Wrought Solder Standard
glycol——and—brine copper
solutions 2Y%-inch to 10- Steel Welded, Standard
inch mechanical
Up-to—Hleer coupling
12-inch and Steel Welded, Standard
larger mechanical ASTM #A-53,
coupling Grade B
Chilled, condenser, Up to 2-inch Cast iron Threaded 125 pound
heating hot water; [ 2%-inch to 10- Steel Welded, Standard
chreel—opeDdne inch Mechanical
selutions coupling
12-inch and Steel Welded, Standard
Abeve——Hleer larger mechanical | ASTM #A-53,
coupling Grade B
Fan coil or terminal unit All Wrought Solder Standard
hot and chilled water copper
runouts, coll
condensate drains
Controls compressed All Wrought Solder Standard
air copper Victaulic Copper
grooved
Drains, vent and relief All Steel, Threaded Standard
galvanized
Diesel engine exhaust All Steel, black Welded Standard
pipe
Cooling tower filter All PVC with ultra | Solvent weld Schedule 80
piping violet light
resistant paint
Refrigerant All Wrought Silver Standard
copper solder,
copper-
phosphorus
alloy
Refer to specific
Mechanical  Division
sections for services
not listed above, e.g.
domestic water - refer
to Section 22 11 00:
Domestic Water
Systems
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| Service | Size | Material | Type | Weight |

2.04 PRESSURE PIPING AND FITTINGS
A. Pressure piping shall conform to requirements of ANSI Safety Code for Pressure Piping,
B31.1. Pressure ratings herein are steam, unless specifically designated as “WOG” (Water,
Oil or Gas) or “WWP” (Water Working Pressure).
B. Black Steel, Threaded, 2 inches and smaller: Schedule 40, ASTM A-120 or A-53:
1. Cast iron banded fittings, ANSI B16.4, 125 pound class
2. Malleable iron, ANSI B16.3, 150 pound class
C. Black Steel, Welded, 2% inches and larger: Schedule 40, ASTM A-53:
1. Steel welding-neck fittings, ANSI B16.9
2. Steel welding-neck flanges and flanged fittings, ANSI B16.5, 150 pound
D. Black Steel, Grooved End: ASTM A-120 or A-53:
1. Rolled groove — Schedule 10 to Schedule 40
2. Machined groove — Schedule 40
3. Fusion epoxy factory coating where indicated
4, Fittings as herein after specified
E. Galvanized Steel, Threaded: Schedule 40, ASTM A-120 or A-53:
1. Fittings: Where weld fittings or mechanical grooved fittings are used, use only long
radius elbows having a centerline radius of 1.5 pipe diameters:
a. Threaded, galvanized malleable iron fittings and ground-joint unions, ANSI
B16.3, 150 pounds per square inch class, 2 inches and smaller
b. Threaded, castiron, flanges and flanged fittings ANSI B16.1 125 pounds per
square inch class, at values and piping specialties 2% inches and larger
F. Copper Tubing, ANSI H23.1:
1. Wrought copper, solder joint fittings, ANSI B16.22, in sizes available with ANSI/AWS
A5.8 or ASTM B 32 filler metals per Article 2.4, C
2. Cast bronze solder-joint fittings, ANSI B16.18, only in sizes not available in wrought
copper
3. Cast bronze, threaded, ground-joint unions, ANSI B16.18, 2 inches and smaller
4, Cast bronze, flanged unions, ANSI B16.24, 150 pounds per square inch class, 2%
inches and larger
5. Copper tubing flared fittings: bronze castings for flared type joints, ANSI B-15.26
6. Refrigerant piping shall be especially cleaned, dehydrated and capped by the piping
manufacturer
7. Medical gas piping shall be especially cleaned, dehydrated and capped in
accordance with NFPA 99
8. Victaulic grooved end copper fittings and couplings conforming to ASTM A-
536/ASTM A-47
G. Brass:
1. Standard weight and red brass pipe, 85 percent copper, 15 percent zinc, ANSI H27.1
2. 125 pounds per square inch threaded brass fittings, ANSI B16.15
H. Cast Iron, Mechanical —Joints:
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ANSI A21.6 (AWWA C106), ANSI A21.4 (AWWA C104)
150 pounds per square inch class

Centrifugally cast, coated, cement lined
Mechanical-joints, ANSI A21.11 (AWWA C111-53)

PONPE

l. Cast Iron, Flanged, ANSI A21.6 (AWWA C106), ANSI A21.4 (AWWA C104), 150 psi class:

Centrifugally cast, coated, cement lined

Castiron flanges and flanged fittings, ANSI B16.1, 125 pounds per square inch class
Flanges integrally cast for long straight pipe runs

Flanges may be threaded in areas requiring many fittings. Where field joints require
close dimensional tolerance for make-up length of piping.

el S

J. Plastic pipe and fittings shall carry the National Sanitation Foundation Seal:

Threaded: Schedule 80

Non-threaded except as noted: Schedule 40

Unplasticized chlorinated polyvinyl chloride Type 1 (CPVC): ASTM D-2846
Unplasticized polyvinyl chloride Type 1 (PVC) bell-end, AWWA C-900
Unplasticized polyvinyl chloride Type 1 (PVC) Schedule 40 and 80: ASTM D-1785
Polyethylene (PE) Schedule 40: ASTM D-2104

Fittings:

Nouok~whpE

a. Unplasticized Polyvinyl chloride Type 1 (PVC) pressure type:
Q) Socket type:

(a) ASTM D-2466, Schedule 40
(b) ASTM D-2467, Schedule 80

(2) Threaded type: ASTM D-2464, Schedule 80
3) With National Sanitation Foundation Seal

b. Polyethylene (PE):

1) Insert type: ASTM D-2609
(2) Butt fusion type: ASTM D-3261, ASTM D-2610, Schedule 40

10/15/08 PKG 3 BID SET PIPING AND ACCESSORIES COWPERWOOD
392-504 FLACK + KURTZ 232113-6 BATTELLE



2 151 5 0.085
2% 1.56 6 e
3 125 6 0.070
4 175 8 0.080
5 122 8 0.080
6 1.69 10 0.100
8 1.69 12 0120
10 1.65 14 0140
12 147 16 0.160
14 172 18 e
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2.05 JOINING MATERIALS

A.

Gaskets shall be rated ASME B16.21, nonmetallic, flat, asbestos-free full faced or flat ring
type to suit flange facings. Selected from one of the following materials:

1. General service, water, air, natural gas: 1/16-inch thick, non-asbestos. Crane Style
333 or approved equal

2. PVC piping applications: 1/8-inch thick, Durometer 65 to 75; Goodrich “Koroseal”,
Grade 116 polyvinyl chloride or approved equal

3. Hot water: Red rubber, ASTM D1330, 1/16-inch thick; Crane Style 555 or approved
equal

4, Gaskets shall be coated with thread lubricant when being installed

Pipe threads shall be ANSI B2.1.
Flange bolts and nuts shall be rated ASME B18.2.1, carbon steel.

Plastic, Pipe-Flange Gasket, Bolts, and Nuts: Type and material recommended by piping
system manufacturer.

Solder Filler Metals: ASTM B 32, lead-free alloys. Include water-flushable flux according to
ASTM B 813.

1. 100 percent lead free, silver bearing solders equivalent to:
a. “Silverflo” by Canfield
b. “Stay-Safe Bridget” by J.W. Harris

2. 95 percent tin and 5 percent antimony composition

Brazing Filler Metals:

1. General Duty: AWS A5.8, BcuP Series, copper-phosphorus alloys, unless otherwise
indicated equivalent to:

a. “Stay- Silv 15” by J.W. Harris
b. “Sil Can 15" by Canfield
2. Refrigerant Piping: AWS A5.8, BAg1, silver alloy for refrigerant piping, unless
otherwise indicated equivalent to:
a. “Safety-Silv45” by J.W. Harris
b. “Sil Can 45" by Canfield

Welding Filler Metals: Comply with AWS D10.12 for welding materials appropriate for wall
thickness and chemical analysis of steel pipe being welded.

2.06  UNIONS

A.

Steel piping 2 inches and smaller: ASTM A197/ANSI B16.3 malleable iron unions with brass
seats. Use unions of a pressure class equal to or higher than that specified for the fittings of
the respective piping service but not less than 250 pounds square inch, ground joint.

Steel Piping 2 inches and larger: ASTM A181 or A105, Grade 1 hot forged steel flanges of
threaded, welding neck, or slip-on pattern and of a pressure class compatible with that
specified for valves, piping specialties and fittings of the respective piping service. Flanges
smaller than 2¥% inches may be used as required for connecting to equipment and piping
specialties. Use raised face flanges ANSI B16.5 for mating with other raised face flanges on
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C.

equipment with flat ring or full-face gaskets. Use ANSI B16.1 flat face flanges with full-face
gaskets for mating with other flat face flanges on equipment. Gasket material to be non-
asbestos and suitable for pressures and temperatures of the 