FULL-LENGTH PRACTICE TESTS

Practice Test 20: Full-Length Stmulated Exam 2 — All Systems

Questions 1-50

1. A building's chilled water plant uses constant-speed primary pumps and variable-speed secondary
pumps. What is the primary energy benefit of this configuration?

A. Eliminating the need for cooling tower operation during mild weather

B. Allowing secondary pumps to reduce speed as building load decreases, saving significant pump energy
while maintaining constant flow through the chillers

C. Providing backup pumping capacity when primary pumps fail

D. Increasing condenser water flow during peak cooling conditions

2. A fire alarm system's smoke detector in a kitchen produces frequent nuisance alarms from cooking
activities. What detector type should replace it?

A. A more sensitive photoelectric smoke detector
B. An ionization smoke detector with lower sensitivity setting
C. A duct smoke detector installed in the kitchen exhaust hood

D. A heat detector rated for the kitchen's ambient ceiling temperature, avoiding nuisance alarms from
normal cooking while still detecting actual fire conditions



3. A commercial building's electrical demand increases sharply at 8 AM every weekday. What BAS
strategy can reduce this peak?

A. Optimal start programming that staggers equipment startup over a longer period before occupancy,
preventing all systems from energizing simultaneously

B. Shutting down the fire alarm system during morning startup
C. Disabling all lighting circuits until 9 AM

D. Running the emergency generator to supplement utility power during startup

4. During a plumbing rough-in inspection, the inspector measures the slope on a 3-inch horizontal drain
and finds it at 1/8 inch per foot. What is the inspector's finding?

A. The slope exceeds the maximum allowable and must be reduced
B. The slope is acceptable for 3-inch drainage piping
C. The slope is insufficient because piping 3 inches and smaller requires a minimum of 1/4 inch per foot

D. The slope requirement only applies to piping 4 inches and larger

5. A building owner wants to install EV charging stations but the existing electrical service has no spare
capacity. What technology enables this without a service upgrade?

A. Installing chargers with no power management on the existing panels
B. Adding chargers to the emergency electrical system panels
C. Connecting chargers to the fire alarm system's dedicated circuits

D. Intelligent load management that dynamically shares available building electrical capacity among
chargers based on real-time demand

6. What is the primary function of a smoke damper installed in ductwork penetrating a smoke barrier?

A. Regulating the volume of supply air for zone temperature control



B. Closing upon fire alarm signal or smoke detector activation to prevent smoke migration through the
duct penetration

C. Filtering smoke particles from the airstream before recirculation

D. Maintaining duct static pressure at the design setpoint

7. A commissioning agent discovers that the emergency generator transfers power to life safety loads in
18 seconds. What code requirement is violated?

A. NEC Article 700 requiring emergency power restoration within 10 seconds for life safety loads
B. NFPA 13 requiring sprinkler waterflow alarm within 90 seconds
C. ASHRAE 62.1 requiring minimum outdoor air ventilation rates

D. IPC requiring hydrostatic test pressure for 15 minutes minimum

8. A building's domestic hot water system uses a storage water heater with no recirculation system.
Occupants at remote fixtures report waiting over two minutes for hot water. What is the consequence?

A. Increased water pressure throughout the distribution system
B. Accelerated corrosion in the hot water piping system

C. Significant water waste as cold water is drained waiting for hot water to arrive, plus potential Legionella
risk from stagnant lukewarm water in long pipe runs

D. Reduced flow rate at all fixtures throughout the building

9. An infrared thermographic scan of electrical switchgear reveals elevated temperatures at multiple bus
connections. What does this indicate?

A. The switchgear enclosure ventilation is excessively high

B. High-resistance connections from loose bolts or deteriorated contact surfaces that require immediate
corrective maintenance to prevent failure

C. The building's power factor has improved above acceptable limits



D. The circuit breakers are rated above the required amperage

10. What is the primary purpose of NFPA 25 for building owners and facility managers?

A. Establishing ongoing inspection, testing, and maintenance requirements that ensure water-based fire
protection systems remain reliable throughout the building's operational life

B. Governing the design of new sprinkler systems for construction
C. Setting the fire alarm system programming requirements

D. Establishing the building's emergency evacuation procedures

11. A building's lighting control system uses daylight harvesting in perimeter zones. During
commissioning, the system dims electric lights excessively, causing complaints about dark conditions at
workstations. What should be adjusted?

A. The emergency lighting battery backup duration
B. The fire alarm notification appliance candela rating
C. The minimum light output setpoint on the dimming controller

D. The photosensor calibration, target illuminance setpoint, or sensor placement to maintain the design
foot-candle level at the work plane

12. A plumbing engineer specifies Type L copper for the domestic water distribution system. What
characteristic makes this the standard choice for commercial buildings?

A. Adequate wall thickness for commercial operating pressures and long service life, with proven
compatibility with standard joining methods and water treatment chemicals

B. The thinnest wall available for maximum flow capacity
C. The heaviest wall for use in underground burial applications

D. Compatibility only with solvent cement joining methods



13. What is the primary benefit of a variable refrigerant flow system serving a building with simultaneous
heating and cooling demands?

A. Lower first cost compared to all other HVAC system types
B. Elimination of all ductwork throughout the building

C. Heat recovery capability that captures rejected heat from cooling zones and redirects it to zones
requiring heating, significantly improving energy efficiency

D. Higher airflow capacity than a central air handling unit

14. A fire marshal inspection reveals that tenant improvements have blocked access to sprinkler system
control valves. What code requirement is being violated?

A. The exit sign illumination requirements in the tenant space

B. The requirement for unobstructed access to all fire protection system control valves for inspection,
testing, and emergency operation

C. The smoke detector spacing requirements in the corridor

D. The fire extinguisher mounting height requirement

15. During acceptance testing, the fire alarm system sends an alarm signal but the monitoring station does
not receive it. What must be investigated?

A. The communication pathway between the fire alarm panel and the supervising station, including
primary and secondary transmission methods

B. The sprinkler system's hydraulic calculation accuracy
C. The emergency generator's fuel tank level

D. The domestic water system's backflow preventer operation



16. A building's expansion tank on the hot water system is waterlogged. What operational problem does
this create?

A. Reduced hot water temperature at all fixtures
B. Decreased cold water supply pressure at the service entrance
C. Loss of prime in the hot water recirculation pump

D. Excessive pressure buildup when water is heated because the tank cannot absorb thermal expansion,
causing the T&P relief valve to discharge repeatedly

17. What is the primary purpose of a coordination study for a commercial building's electrical distribution
system?

A. Selecting the electrical panel enclosure colors for each floor

B. Ensuring that overcurrent protective devices trip in the correct sequence so the breaker nearest a fault
opens first while upstream breakers remain closed

C. Calculating the building's annual lighting energy consumption

D. Establishing the emergency generator exercise schedule

18. A building's rainwater harvesting system collects rooftop runoft for toilet flushing. What cross-
connection protection is required?

A. Only a check valve between the rainwater and potable systems
B. Only a sign at the water meter identifying the dual system
C. No protection because treated rainwater is equivalent to potable

D. Complete physical separation from the potable system with an air gap and clearly identified non-potable
purple piping



19. A large air handling unit serves both interior and perimeter zones. During winter, perimeter zones are
cold while interior zones are warm. What HVAC system configuration would better serve these different
loads?

A. A single-zone constant volume system with one thermostat
B. Reducing the outdoor air ventilation rate to all zones equally

C. A VAV system with perimeter zone reheat that adjusts supply air volume independently per zone and
adds heat at perimeter zones experiencing envelope losses

D. Increasing the supply air temperature to satisfy perimeter zones

20. What is the primary purpose of a fire protection system's fire department connection?

A. Allowing fire department pumper trucks to supplement the building's sprinkler and standpipe water
supply with additional pressure and volume during firefighting operations

B. Providing the building's primary domestic water supply
C. Connecting the fire alarm system to the fire department dispatch center

D. Providing electrical power to the fire pump during utility outages

21. Abuilding automation system operates an air-side economizer. What measurement determines whether
outdoor air can provide free cooling?

A. The outdoor air relative humidity measured independently
B. The indoor air CO2 concentration level

C. The outdoor air temperature or enthalpy compared to the return air condition, determining if the outdoor
air provides a cooling benefit

D. The chilled water supply temperature at the coil inlet



22. A facility manager discovers that the building's backflow preventer has not been tested in three years.
What risk does this create?

A. Increased domestic water pressure at all fixtures

B. Potential failure of check valves or the relief valve that could allow contaminated building water to
backflow into the municipal supply, endangering public health

C. Reduced hot water delivery temperature at remote fixtures

D. Increased storm drainage flow into the sanitary sewer

23. What is the primary advantage of LED lighting technology over fluorescent in commercial
applications?

A. Lower color rendering index for reduced visual glare
B. Compatibility with existing magnetic fluorescent ballasts
C. Higher operating temperatures for improved performance in cold environments

D. Higher efficacy, longer rated life, superior dimming capability, instant start, and elimination of
hazardous mercury content

24. A building's fire-rated corridor wall has multiple penetrations for plumbing, electrical, and HVAC that
have not been firestopped. What is the consequence?

A. Each unprotected penetration creates an opening that allows fire and smoke to bypass the rated
assembly, compromising the protected egress path

B. The corridor lighting power density will exceed code limits
C. The corridor's HVAC supply airflow will increase beyond design

D. The corridor's acoustic privacy will improve



25. During commissioning, a hot water booster pump with a VFD is found running at constant full speed.
What is the energy impact?

A. Improved water quality from consistently high flow velocity

B. Significant energy waste because the pump consumes full power regardless of demand, eliminating the
substantial part-load savings the VFD was designed to provide

C. Reduced wear on the pump motor from constant-speed operation

D. Better pressure regulation at remote fixture locations

26. A sprinkler system's inspector test connection is opened but the waterflow alarm does not activate
within 90 seconds. What must be corrected?

A. The sprinkler heads in the remote area must be replaced
B. The fire pump must be tested at full rated capacity
C. The waterflow switch paddle alignment, sensitivity, or alarm wiring connection to the fire alarm panel

D. The dry-pipe valve must be replaced with a new assembly

27. What is the primary purpose of an ASHRAE Level II energy audit?

A. Providing detailed engineering analysis, energy calculations, and cost-benefit evaluation of specific
energy conservation measures with estimated savings and payback periods

B. Conducting a brief walkthrough of the mechanical rooms only
C. Replacing the building's energy management system software

D. Establishing the fire protection system maintenance schedule

28. A high-rise building requires smoke control in the stairwells. What system achieves this?

A. Exhaust fans at the top of each stairwell removing all air



B. Standard HVAC supply air ductwork connected to each stairwell
C. Opening windows at every other floor for natural ventilation

D. Stairwell pressurization fans that introduce outdoor air to create positive pressure preventing smoke
infiltration from adjacent floors

29. A building's structured cabling system was installed five years ago using Category Se cable. The
building now needs to support 10-gigabit Ethernet. What is the limitation?

A. Category 5Se cable exceeds the requirements for 10-gigabit networks

B. Category 5Se cable is not rated for 10-gigabit Ethernet speeds and must be upgraded to Category 6A or
higher to support the increased bandwidth requirements

C. Category 5e cable supports 10-gigabit speeds for runs up to 200 meters

D. Only the network switches need upgrading with no cable changes

30. A building's green roof system is part of the stormwater management plan. What benefit does the green
roof provide beyond stormwater reduction?

A. Providing potable water for the building's domestic system
B. Replacing the building's fire suppression water supply entirely
C. Eliminating the need for primary and secondary roof drainage

D. Reducing the urban heat island effect, improving building insulation, extending roof membrane life,
and creating habitat

31. What must the construction team verify about below-grade sanitary drainage piping before concrete
is placed?

A. Pipe elevations, slopes, connection locations, joint integrity, and successful test results because the
piping becomes permanently inaccessible after the slab is poured

B. Only that the pipe material matches the specified color



C. Only that the trench depth matches the excavation plan

D. Only that the pipe manufacturer's label is visible on each length

32. A building's fire alarm system uses Class A notification appliance circuits. What advantage does this
wiring method provide?

A. Lower installation cost from reduced wire quantities
B. Higher sound output from the notification appliances
C. Brighter strobe flash from the visible notification devices

D. Continued notification capability despite a single wire break because the redundant return path
maintains circuit operation from the alternate direction

33. A commercial building's chiller plant operates year-round with a constant condenser water temperature
setpoint. What optimization would reduce annual chiller energy?

A. Increasing the chilled water supply temperature above design
B. Disabling all cooling tower fans to reduce plant auxiliary energy

C. Lowering the condenser water temperature during cooler weather when ambient wet-bulb conditions
permit, reducing chiller compressor lift

D. Running all chillers simultaneously at minimum capacity

34. During a fire drill, occupants in a large conference center cannot determine whether to evacuate or
shelter in place from the standard horn signal. What system upgrade would address this?

A. Increasing the number of sprinkler heads in the conference center

B. Upgrading to a voice evacuation system that provides intelligible spoken instructions directing
occupants to the appropriate response

C. Adding more manual pull stations near the conference center exits

D. Installing additional heat detectors in the conference center ceiling



35. A plumbing engineer specifies water hammer arrestors at quick-closing fixtures. What condition do
these devices prevent?

A. Pressure surges caused by sudden valve closure that produce banging noises, vibration, and potential
damage to piping, joints, and fixtures

B. Backflow contamination of the municipal water supply
C. Sewer gas from entering occupied spaces through fixture drains

D. Excessive hot water temperature at the fixture outlet

36. A building's emergency lighting system must maintain what minimum illumination along the means
of egress?

A. 10 foot-candles average for 60 minutes minimum
B. 5 foot-candles measured at counter height for 30 minutes
C. No minimum illumination is specified by building codes

D. An average of 1 foot-candle at floor level for a minimum of 90 minutes after primary power failure

37. A building automation system's trending feature records HVAC system data over time. What is the
primary benefit of this capability?

A. Automatically generating monthly tenant invoices
B. Providing real-time security camera video storage

C. Enabling performance analysis, troubleshooting, energy optimization, and identification of system
degradation through historical operating data

D. Replacing the fire alarm system's event history log



38. A fire protection engineer specifies a wet chemical kitchen hood suppression system. In addition to
agent discharge, what critical interlock must the system provide?

A. Activation of the building's voice evacuation system

B. Automatic shutoff of fuel and electrical supply to protected cooking equipment, eliminating the energy
source feeding the fire

C. Release of all doors in the kitchen to their fully open position

D. Starting the kitchen exhaust fan at maximum speed

39. What is the primary purpose of specifying WaterSense-labeled plumbing fixtures in a commercial
building?

A. Reducing potable water consumption by at least 20 percent compared to standard fixtures while
maintaining equivalent performance per EPA certification requirements

B. Increasing the water pressure at each fixture outlet
C. Eliminating the need for hot water at public lavatories

D. Replacing the building's backflow prevention requirements

40. A building's existing electrical panelboards have no available breaker spaces for a planned tenant
improvement. What must be evaluated?

A. Only the paint color of the existing panels
B. Only the fire alarm zone map for the affected area

C. The need for additional panelboard capacity, available feeder capacity from upstream distribution, and
whether the main electrical service can support the additional load

D. Only the lighting fixture types currently installed in the space



41. A commissioning agent finds that a chilled water control valve at a remote air handler operates in
reverse, opening when it should close. What is the consequence?

A. The fire alarm system will display a supervisory signal
B. The hot water system temperature will increase
C. The emergency generator will start on false demand

D. The air handler will provide uncontrolled cooling when the zone requires heating and no cooling when
the zone requires cooling

42. What is the primary purpose of a building technology master plan for low-voltage systems?

A. Calculating the building's fire insurance premium

B. Defining the technology vision, infrastructure requirements, system integrations, and scalability
strategy for all communication, security, and building technology systems

C. Establishing the janitorial schedule for telecom rooms

D. Selecting the building's architectural finish materials

43. A building's domestic water service enters at 120 psi. What action does the plumbing code require?
A. Installing a pressure reducing valve to bring static pressure to 80 psi or below at all fixtures

B. No action because 120 psi is within acceptable commercial limits

C. Only notifying the water utility of the high pressure condition

D. Only installing high-pressure rated fixtures throughout the building

44. A fire protection system impairment extends beyond the originally estimated restoration time. What
additional action is required?

A. Only updating the maintenance log with the revised schedule



B. Only replacing the impairment tag with a new date

C. Reassessing the fire watch coverage, notifying the AHJ and insurance carrier of the extended duration,
and evaluating whether additional protective measures are needed

D. Only scheduling the repair for the next available maintenance window

45. An existing building undergoes retro-commissioning. The investigation reveals that multiple AHUs
are running 24 hours despite the building being occupied only 10 hours per day. What is the impact?

A. Improved indoor air quality from continuous ventilation
B. Reduced equipment wear from steady-state operation
C. Better fire alarm system performance from constant airflow

D. Significant energy waste from operating HVAC equipment 14 unnecessary hours per day, consuming
fan, heating, and cooling energy with no occupant benefit

46. A plumbing contractor installs PVC drainage piping where the code requires cast iron. Why would the
inspector reject this substitution?

A. PVC pipe is more expensive than cast iron in commercial sizes

B. Cast iron provides significantly superior sound attenuation and inherent fire resistance compared to
PVC, meeting code requirements for the specific building type

C. PVC drainage fittings are incompatible with commercial fixtures

D. Cast iron piping is lighter and easier to install than PVC

47. What is the primary benefit of BIM coordination for MEP systems during the design phase?

A. Detecting spatial conflicts between HVAC ductwork, sprinkler piping, electrical conduit, plumbing
piping, and structural elements before field installation, preventing costly rework

B. Automating the building's fire alarm system programming

C. Calculating the building's annual utility energy costs



D. Generating the building's property tax assessment

48. A building's fire alarm system monitoring station receives a trouble signal from the panel. What does
this indicate?

A. A confirmed fire has been detected in the building
B. The sprinkler system has activated and is flowing water

C. A system malfunction such as a wiring fault, device failure, or communication error that requires
maintenance but does not indicate a fire condition

D. The building's elevators have been recalled to the lobby

49. A building owner wants to achieve significant HVAC energy savings with the shortest payback period.
Which approach is typically most cost-effective?

A. Complete replacement of all HVAC equipment with new models
B. Installing an entirely new building automation system
C. Adding a central chilled water plant to replace all packaged units

D. Retro-commissioning to correct control sequences, scheduling errors, and setpoint deviations that have
drifted from original design intent

50. A commercial building's T&P relief valve on the water heater discharges periodically. What is the most
likely cause?

A. The hot water recirculation pump is oversized for the system

B. The expansion tank has failed or is waterlogged, preventing absorption of thermal expansion when
water is heated, causing pressure to exceed the relief valve's rating

C. The cold water supply pressure is below minimum requirements

D. The water heater thermostat is set below the recommended temperature
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1.

B. Allowing secondary pumps to reduce speed as building load decreases, saving significant
pump energy while maintaining constant flow through the chillers — Primary-secondary
pumping decouples the chiller's constant flow requirement from the building's variable demand.
Primary pumps maintain constant flow through the chillers for stable operation, while secondary
pumps modulate speed based on building load, capturing significant energy savings during the
majority of operating hours when the building is at partial load.

D. A heat detector rated for the kitchen's ambient ceiling temperature, avoiding nuisance
alarms from normal cooking while still detecting actual fire conditions — Smoke detectors in
kitchen environments produce frequent nuisance alarms from normal cooking activities that
generate airborne particles. Heat detectors respond only to elevated temperatures, ignoring cooking
byproducts while still detecting the heat signature of an actual fire condition.

. A. Optimal start programming that staggers equipment startup over a longer period before

occupancy, preventing all systems from energizing simultaneously — Morning startup creates
a demand spike when all HVAC systems, lighting circuits, and plug loads energize within a short
window. Optimal start begins equipment startup earlier and staggers activation sequences,
spreading the demand increase over a longer period and reducing the measured peak.

C. The slope is insufficient because piping 3 inches and smaller requires a minimum of 1/4
inch per foot — The plumbing code establishes minimum slopes based on pipe diameter to
maintain adequate flow velocity for transporting solids. Piping 3 inches and smaller requires 1/4
inch per foot, while piping 4 inches and larger requires 1/8 inch per foot. The inspector correctly
identified the insufficient slope for a 3-inch pipe.

D. Intelligent load management that dynamically shares available building electrical
capacity among chargers based on real-time demand — Intelligent load management monitors
the building's total electrical demand in real time and distributes available surplus capacity among
active EV chargers. When building load increases, charger output is reduced. When building load



10.

11.

decreases, chargers receive more power, all within the existing service capacity without requiring
an expensive service upgrade.

B. Closing upon fire alarm signal or smoke detector activation to prevent smoke migration
through the duct penetration — Smoke dampers respond to fire alarm signals or dedicated
smoke detector activation to close the duct opening at a smoke barrier. Unlike fire dampers that
respond to heat through fusible links, smoke dampers close at temperatures far below fire
conditions, preventing early smoke migration through the HVAC system before fire temperatures
develop.

A. NEC Article 700 requiring emergency power restoration within 10 seconds for life safety
loads — NEC Article 700 mandates that emergency generators restore power to life safety loads
including exit signs, egress lighting, and fire alarm systems within 10 seconds of utility power loss.
An 18-second transfer time leaves occupants in darkness and without fire protection for 8 seconds
beyond the allowed maximum.

C. Significant water waste as cold water is drained waiting for hot water to arrive, plus
potential Legionella risk from stagnant lukewarm water in long pipe runs — Without
recirculation, hot water cools to ambient temperature in the piping between uses. Each time a user
opens a hot water fixture, gallons of cold water must drain before hot water arrives from the distant
heater. The stagnant lukewarm water in these long runs can also fall within the Legionella growth
range.

B. High-resistance connections from loose bolts or deteriorated contact surfaces that require
immediate corrective maintenance to prevent failure — Infrared thermography detects elevated
temperatures caused by electrical resistance at connection points. High resistance from loose bolts,
corrosion, or deteriorated contact surfaces wastes energy as heat and can progress to equipment
failure, arcing, or fire if not corrected through retorquing or connection replacement.

A. Establishing ongoing inspection, testing, and maintenance requirements that ensure
water-based fire protection systems remain reliable throughout the building's operational
life — NFPA 25 provides the comprehensive ongoing maintenance standard for sprinkler systems,
standpipes, fire pumps, and water storage tanks. It specifies what components to inspect, how to
test them, when to perform maintenance, and how to document all activities to ensure continued
reliability.

D. The photosensor calibration, target illuminance setpoint, or sensor placement to maintain
the design foot-candle level at the work plane — Daylight harvesting systems that overdim
create dark conditions because the photosensor is either miscalibrated, the target setpoint is too
low, or the sensor is positioned where it reads direct sunlight rather than the combined daylight
and electric light at the work surface. Correcting these parameters restores the intended
illuminance balance.



12

13.

14.

15.

16.

17.

18.

. A. Adequate wall thickness for commercial operating pressures and long service life, with
proven compatibility with standard joining methods and water treatment chemicals — Type
L copper provides the optimal balance of wall thickness for commercial water distribution systems.
It is thick enough to handle commercial pressures and provide decades of service, while remaining
compatible with soldered, brazed, and pressed joining methods and common water treatment
chemicals.

C. Heat recovery capability that captures rejected heat from cooling zones and redirects it to
zones requiring heating, significantly improving energy efficiency — Heat recovery VRF
systems redistribute energy within the building by capturing the heat rejected by zones being
cooled and delivering it to zones requiring heating. This internal heat transfer reduces the total
energy the system must generate, achieving efficiencies far beyond systems that reject heat to the
outdoors.

B. The requirement for unobstructed access to all fire protection system control valves for
inspection, testing, and emergency operation — Fire protection control valves must be
accessible at all times for weekly visual inspection, quarterly valve operation testing, and
emergency shut-off or restoration. Blocked valves prevent routine maintenance and could delay
critical emergency operations when seconds matter during a fire event.

A. The communication pathway between the fire alarm panel and the supervising station,
including primary and secondary transmission methods — Fire alarm monitoring requires
reliable communication pathways to transmit alarm, supervisory, and trouble signals to the
supervising station. When signals fail to arrive, the investigation must trace the complete
communication path including primary and secondary transmission methods, network
connections, and account programming.

D. Excessive pressure buildup when water is heated because the tank cannot absorb thermal
expansion, causing the T&P relief valve to discharge repeatedly — A waterlogged expansion
tank has lost its air cushion and cannot compress to absorb the volume increase when water is
heated. Without this expansion capacity, system pressure rises with each heating cycle until the
T&P relief valve opens to discharge the excess pressure, wasting water and energy.

B. Ensuring that overcurrent protective devices trip in the correct sequence so the breaker
nearest a fault opens first while upstream breakers remain closed — Coordination studies
analyze the time-current characteristics of all protective devices in series. Proper coordination
ensures selective tripping where only the device nearest the fault operates, isolating the problem
while maintaining power to all unaffected circuits throughout the building.

D. Complete physical separation from the potable system with an air gap and clearly
identified non-potable purple piping — Any non-potable water system must maintain absolute
physical separation from the potable supply to prevent cross-contamination under any condition.



19.

20.

21.

22.

23.

24.

25.

Air gaps provide the highest separation level, and purple piping with clear non-potable labeling
prevents accidental cross-connections during future renovations or maintenance work.

C. A VAV system with perimeter zone reheat that adjusts supply air volume independently
per zone and adds heat at perimeter zones experiencing envelope losses — Interior and
perimeter zones have fundamentally different thermal characteristics. Interior zones typically
require cooling year-round from occupant and equipment heat gains, while perimeter zones
experience heating loads from envelope losses in winter. VAV with reheat provides independent
control addressing both conditions simultaneously.

A. Allowing fire department pumper trucks to supplement the building's sprinkler and
standpipe water supply with additional pressure and volume during firefighting operations
— The FDC enables the fire department to connect pumper trucks and boost the building's fire
protection water supply beyond what the municipal service or fire pump can provide. This
supplemental supply is critical during large fires that demand more water than the building's
systems can deliver independently.

C. The outdoor air temperature or enthalpy compared to the return air condition,
determining if the outdoor air provides a cooling benefit — Economizer operation requires
comparing outdoor air conditions to return air conditions. When the outdoor air temperature or
enthalpy is lower than the return air, introducing outdoor air provides free cooling that reduces or
eliminates the need for mechanical refrigeration, saving significant compressor energy.

B. Potential failure of check valves or the relief valve that could allow contaminated building
water to backflow into the municipal supply, endangering public health — Backflow
preventer internal components degrade from mineral deposits, wear, and corrosion over time.
Three years without testing means valve degradation could have progressed undetected, potentially
allowing contaminated building water to flow backward into the municipal supply during pressure
reversals.

D. Higher efficacy, longer rated life, superior dimming capability, instant start, and
elimination of hazardous mercury content — LED technology delivers 100 to 200 lumens per
watt versus 80 to 100 for fluorescent, rated life of 50,000 to 100,000 hours versus 20,000 to 30,000,
smooth continuous dimming from 100 to near zero percent, instant full output at startup, and no
mercury requiring special disposal procedures.

A. Each unprotected penetration creates an opening that allows fire and smoke to bypass the
rated assembly, compromising the protected egress path — Fire-rated corridor walls protect
the egress path only when their integrity is maintained continuously. Each unsealed penetration
creates a direct path for fire and smoke to enter the corridor, potentially trapping occupants in a
compromised egress route during the evacuation period the rated wall was designed to protect.

B. Significant energy waste because the pump consumes full power regardless of demand,
eliminating the substantial part-load savings the VFD was designed to provide — VFDs



26.

27.

28.

29.

30.

31.

32.

reduce pump speed proportionally to demand, and pump power varies with the cube of speed. A
pump running at 80 percent speed uses approximately 51 percent of full-speed power. A VFD
locked at full speed wastes these savings throughout all partial-demand operating hours.

C. The waterflow switch paddle alignment, sensitivity, or alarm wiring connection to the fire
alarm panel — The inspector's test connection simulates a single sprinkler head discharging water.
The waterflow switch must detect this flow and transmit an alarm to the fire alarm panel within 90
seconds. Failure indicates the switch paddle is mispositioned in the pipe, the switch sensitivity is
incorrect, or the wiring between the switch and the panel is interrupted.

A. Providing detailed engineering analysis, energy calculations, and cost-benefit evaluation
of specific energy conservation measures with estimated savings and payback periods — A
Level II audit goes beyond the Level I walkthrough by performing detailed engineering
calculations for each identified conservation measure. Each recommendation includes estimated
annual energy savings, implementation costs, simple payback period, and prioritized ranking to
guide investment decisions.

D. Stairwell pressurization fans that introduce outdoor air to create positive pressure
preventing smoke infiltration from adjacent floors — Stairwell pressurization maintains higher
air pressure inside the stairwell than on adjacent floors. This positive pressure differential forces
air outward through door gaps and leakage paths, preventing smoke from entering the stairwell
and maintaining tenable conditions in the primary vertical egress route during fire events.

B. Category Se cable is not rated for 10-gigabit Ethernet speeds and must be upgraded to
Category 6A or higher — Category 5e cable supports speeds up to 1 gigabit Ethernet over
standard distances. The 10-gigabit Ethernet standard requires Category 6A cable or higher to
achieve the necessary bandwidth, reduced crosstalk, and signal integrity over the full 100-meter
horizontal distance specified in TIA-568 standards.

D. Reducing the urban heat island effect, improving building insulation, extending roof
membrane life, and creating habitat — Green roofs provide multiple benefits beyond
stormwater management. Vegetation reduces the urban heat island effect by replacing heat-
absorbing dark roof surfaces. The growing media adds thermal insulation, reducing HVAC loads.
The protected membrane lasts longer than exposed roofing, and the vegetated surface creates
habitat for pollinators and wildlife.

A. Pipe elevations, slopes, connection locations, joint integrity, and successful test results
because the piping becomes permanently inaccessible after the slab is poured — Below-grade
drainage piping encased in concrete becomes permanently inaccessible and extremely costly to
repair. Every dimension, slope, connection point, and joint must be verified and the complete
system must pass its required test before concrete placement covers the piping.

D. Continued notification capability despite a single wire break because the redundant
return path maintains circuit operation from the alternate direction — Class A circuits route



33.

34.

35.
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37.

38.

wiring in a complete loop from the panel through all devices and back. If a wire break occurs at
any point, signals reach devices on both sides of the break through the alternate path direction,
maintaining full notification capability even with one conductor interrupted.

C. Lowering the condenser water temperature during cooler weather when ambient wet-
bulb conditions permit, reducing chiller compressor lift — Chiller efficiency improves when
the temperature difference between the evaporator and condenser decreases. During cooler
weather, lower ambient wet-bulb temperatures allow cooling towers to produce cooler condenser
water, reducing the compressor's lift and energy consumption while maintaining the same cooling
capacity.

B. Upgrading to a voice evacuation system that provides intelligible spoken instructions
directing occupants to the appropriate response — Standard horn signals indicate an alarm
condition but do not communicate specific instructions. Voice evacuation systems deliver clear
spoken messages directing occupants to evacuate, relocate, or shelter in place depending on the
emergency type and their location, enabling more effective and orderly emergency response.

A. Pressure surges caused by sudden valve closure that produce banging noises, vibration,
and potential damage to piping, joints, and fixtures — Water hammer occurs when quickly
closing valves such as solenoid valves on dishwashers and washing machines abruptly stop water
flow. The momentum of the moving water column creates a pressure wave that travels through the
piping, producing loud banging and potentially damaging joints, hangers, and equipment.

D. An average of 1 foot-candle at floor level for a minimum of 90 minutes after primary
power failure — Building codes require emergency egress lighting to provide an average of 1
foot-candle measured at floor level along the entire means of egress path. The 90-minute minimum
duration ensures adequate illumination throughout the time needed for complete building
evacuation and initial fire department operations.

C. Enabling performance analysis, troubleshooting, energy optimization, and identification
of system degradation through historical operating data — BAS trending captures time-series
data from system sensors and controllers, creating a historical record of operating conditions. This
data enables identification of equipment degradation trends, diagnosis of comfort complaints,
verification of control sequence operation, and energy optimization based on actual performance
patterns.

B. Automatic shutoff of fuel and electrical supply to protected cooking equipment,
eliminating the energy source feeding the fire — Kitchen hood suppression systems must
include interlocked fuel and electrical shutoffs that de-energize protected cooking equipment upon
system activation. Without eliminating the heat source, the cooking fire can continue burning or
reignite after the wet chemical agent has been depleted, potentially overwhelming the suppression
capability.
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A. Reducing potable water consumption by at least 20 percent compared to standard fixtures
while maintaining equivalent performance per EPA certification requirements — WaterSense
certification requires independent third-party testing confirming that fixtures meet strict water
efficiency criteria while delivering performance equal to or exceeding standard fixtures. Building-
wide installation provides measurable water savings contributing to sustainability goals and LEED
credits.

C. The need for additional panelboard capacity, available feeder capacity from upstream
distribution, and whether the main electrical service can support the additional load —
Adding circuits requires available breaker spaces, but the evaluation must extend upstream to
verify that the feeder serving the panel has adequate ampacity, the upstream distribution panel has
capacity, and the building's main service can accommodate the total increased load without
exceeding its rating.

D. The air handler will provide uncontrolled cooling when the zone requires heating and no
cooling when the zone requires cooling — A reverse-acting control valve opens when it should
close, sending maximum chilled water through the coil during a heating demand and shutting off
chilled water during a cooling demand. This creates conditions exactly opposite to the zone's
needs, causing simultaneous comfort failures and energy waste.

B. Defining the technology vision, infrastructure requirements, system integrations, and
scalability strategy for all communication, security, and building technology systems — A
technology master plan establishes the comprehensive framework for all low-voltage systems
including structured cabling, security, AV, DAS, and building automation integration. It ensures all
systems share a coherent infrastructure foundation that can scale and adapt as technology
requirements evolve.

A. Installing a pressure reducing valve to bring static pressure to 80 psi or below at all
fixtures — The plumbing code limits maximum static water pressure at fixtures to 80 psi. Service
entrance pressure of 120 psi far exceeds this limit and would cause fixture damage, excessive
noise, water hammer, accelerated component wear, and water waste. A PRV at the service entrance
reduces downstream pressure to a safe range.

C. Reassessing the fire watch coverage, notifying the AHJ and insurance carrier of the
extended duration, and evaluating whether additional protective measures are needed —
Extended impairments increase the building's fire risk exposure beyond the original assessment.
The AHJ and insurance carrier must be updated on the revised timeline, fire watch coverage must
be confirmed adequate for the extended period, and additional measures such as temporary
detection or portable suppression may be warranted.

D. Significant energy waste from operating HVAC equipment 14 unnecessary hours per day,
consuming fan, heating, and cooling energy with no occupant benefit — Running AHUs 24
hours when the building is occupied only 10 hours wastes 14 hours of fan energy, heating energy,
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and cooling energy daily with no benefit to occupants. Correcting the schedules to match actual
occupancy is typically the highest-value, lowest-cost finding in retro-commissioning.

B. Cast iron provides significantly superior sound attenuation and inherent fire resistance
compared to PVC, meeting code requirements for the specific building type — Cast iron's
dense material mass attenuates drainage noise significantly better than lightweight PVC, an
important consideration in occupied commercial buildings. Cast iron is also noncombustible,
providing inherent fire resistance that PVC cannot match without additional fire protection
measures at every penetration.

A. Detecting spatial conflicts between HVAC ductwork, sprinkler piping, electrical conduit,
plumbing piping, and structural elements before field installation, preventing costly rework
— BIM coordination models all building systems in three dimensions, enabling automated clash
detection that identifies conflicts before construction begins. Resolving conflicts in the virtual
model costs a fraction of discovering and fixing them in the field, saving time, money, and schedule
disruption.

C. A system malfunction such as a wiring fault, device failure, or communication error that
requires maintenance but does not indicate a fire condition — Trouble signals alert the
monitoring station and building personnel that the fire alarm system has detected an internal
problem compromising its ability to function properly. While not indicating a fire, trouble
conditions require prompt investigation and repair because system reliability is diminished until
the fault is corrected.

D. Retro-commissioning to correct control sequences, scheduling errors, and setpoint
deviations that have drifted from original design intent — Retro-commissioning identifies and
corrects low-cost and no-cost operational improvements that restore the designed efficiency of
existing systems. These corrections require minimal capital investment but recover significant
energy savings, typically achieving simple payback periods under two years.

B. The expansion tank has failed or is waterlogged, preventing absorption of thermal
expansion when water is heated, causing pressure to exceed the relief valve's rating — The
T&P relief valve opens when either temperature or pressure exceeds its rating. Periodic discharge
during normal heating cycles indicates pressure buildup from unabsorbed thermal expansion. A
properly functioning expansion tank absorbs this volume change and maintains stable system
pressure below the relief valve's setting.



