
PRACTICE EXAM 20: STATIONARY 

ENGINEER (ELECTRIC) SIMULATION 

— 100 QUESTIONS 
 

ELECTRICAL FUNDAMENTALS (Questions 1–12) 

 

1. A 240V, 60Hz supply is connected to a 20Ω resistor. The peak current through the resistor is? 

 

A. 8.49A 

B. 16.97A 

C. 12A 

D. 6A 

 

2. The reciprocal of resistance is? 

 

A. Reactance 

B. Conductance 

C. Impedance 

D. Susceptance 

 

3. A capacitor is fully charged and connected to a DC supply in steady state. The current through the 

capacitor is? 

 

A. Equal to V ÷ XC 



B. Equal to the charging current 

C. Limited only by the internal resistance of the supply 

D. Zero — a fully charged capacitor blocks DC current in steady state 

 

4. The power dissipated in a purely inductive AC circuit is? 

 

A. Zero — inductors store and release energy without consuming it 

B. Equal to V × I 

C. Equal to I²× XL 

D. Equal to V² ÷ XL 

 

5. Two capacitors of 6µF and 12µF are connected in series. The total capacitance is? 

 

A. 18µF 

B. 9µF 

C. 4µF 

D. 2µF 

 

6. In a single-phase transformer, the secondary voltage lags the primary voltage by? 

 

A. 45° 

B. 180° for a subtractive polarity transformer — or 0° for an additive polarity transformer depending on 

winding configuration 

C. 90° 

D. 270° 

 

 



7. The term "power factor" in an AC circuit is defined as? 

 

A. The ratio of reactive power to apparent power 

B. The ratio of true power to apparent power — cos(θ) where θ is the angle between voltage and current 

C. The ratio of apparent power to true power 

D. The ratio of true power to reactive power 

 

8. A 12V battery with 0.5Ω internal resistance delivers maximum power to an external load when the load 

resistance is? 

 

A. 1.0Ω 

B. 0.25Ω 

C. 0.5Ω — maximum power transfer occurs when load resistance equals source internal resistance 

D. 2.0Ω 

 

9. The "time constant" of an RC circuit with R = 10kΩ and C = 100µF is? 

 

A. 0.1 seconds 

B. 0.01 seconds 

C. 1.0 second 

D. 10 seconds 

 

10. In a three-phase, 4-wire wye system, the neutral conductor carries? 

 

A. The sum of all three phase currents 

B. Three times the phase current 

C. The phasor sum of the three phase currents — zero for a balanced load, non-zero for unbalanced loads 



D. The line-to-line current 

 

11. The purpose of a "Zener diode" in a voltage regulator circuit is to? 

 

A. Amplify the regulated voltage for higher load current capability 

B. Maintain a nearly constant voltage across its terminals when reverse-biased above its breakdown 

voltage — providing a voltage reference for regulation circuits 

C. Block reverse current from the power supply to the load 

D. Filter ripple from the rectified DC output 

 

12. When two sinusoidal voltages are "in phase quadrature," their phase difference is? 

 

A. 90° — the voltages are perpendicular in the phasor diagram and their sum is √2 times either voltage 

B. 0° 

C. 180° 

D. 45° 

 

WIRING, CONDUCTORS, AND PROTECTIVE DEVICES (Questions 13–22) 

 

13. Per NEC 230.79, the service disconnecting means must have a rating of not less than? 

 

A. 60A for all one-family dwellings 

B. 200A for commercial occupancies 

C. The calculated load per Article 220 but not less than 60A for a one-family dwelling with more than one 

branch circuit 

D. 100A for all services regardless of calculated load 

 

 



14. The purpose of NEC 240.87 "arc energy reduction" for circuit breakers rated 1,200A or higher is to? 

 

A. Require all 1,200A breakers to be replaced with current-limiting fuses 

B. Limit available fault current to below 1,200A through impedance addition 

C. Require a means to reduce clearing time when the instantaneous element is not set to operate — such 

as zone-selective interlocking, bus differential protection, or an instantaneous override — to reduce arc 

flash incident energy 

D. Require annual testing of all 1,200A circuit breakers per NETA MTS 

 

15. The purpose of a "Class L" fuse vs. a "Class R" fuse is that a Class L fuse? 

 

A. Is rejection-style — cannot be installed in non-rejection fuse holders 

B. Is a current-limiting fuse rated 601A–6,000A for high-amperage service entrance and feeder protection 

where Class R fuses are not made in sufficient ratings 

C. Provides time-delay characteristics for motor branch circuit protection 

D. Is designed for 250V DC circuits only 

 

16. Under NEC 410.130(G), fluorescent luminaires installed in certain locations require a disconnecting 

means within sight because? 

 

A. All luminaires require a disconnect for lamp replacement 

B. Electronic ballasts can store charge that remains after the branch circuit is opened 

C. The disconnect ensures the luminaire can be completely isolated for maintenance — particularly for 

luminaires with ballasts that may retain hazardous voltage or continue operating from stored energy after 

the branch circuit breaker is opened 

D. OSHA requires a disconnect for all lighting within 6 feet of the floor 

 

 



17. The purpose of NEC 517.13 requiring a redundant grounding path for receptacles in patient care areas 

of healthcare facilities is to? 

 

A. Provide a backup for the equipment grounding conductor in the event it is broken 

B. Satisfy OSHA requirements for healthcare electrical systems 

C. Ensure that if one grounding path opens, a second path maintains the low-impedance connection needed 

to prevent dangerous voltage differences between conductive surfaces that a patient and caregiver could 

contact simultaneously 

D. Allow the use of isolated ground receptacles in operating rooms 

 

18. The purpose of a "current-limiting fuse" vs. a standard inverse-time circuit breaker for protecting 

equipment is that a current-limiting fuse? 

 

A. Provides better overload protection for motors 

B. Resets automatically after clearing a fault — reducing downtime 

C. Clears high-magnitude faults before the current reaches its first peak — limiting peak let-through 

current and I²t energy to values far below what the circuit breaker can achieve, protecting downstream 

equipment from fault damage 

D. Is rated for higher continuous current than an equivalent circuit breaker 

 

19. Per NEC 220.87, an existing feeder or service can be evaluated for additional load using? 

 

A. The standard Article 220 load calculation method only 

B. Actual load measurements at peak conditions over a defined period to determine available capacity — 

allowing additional loads to be added without full Article 220 recalculation 

C. The demand factor tables in NEC Article 220 only 

D. A licensed engineer's stamped load calculation 

 

 



20. The purpose of "equipment grounding conductors" (EGC) in a branch circuit is to? 

 

A. Provide a neutral current return path for single-phase loads 

B. Provide a low-impedance path for fault current from equipment enclosures back to the source — 

allowing the overcurrent device to operate and clearing the fault before dangerous touch voltages persist 

C. Satisfy NEC requirements for grounding all metal parts within 6 feet of the panel 

D. Bond all metal parts to the grounding electrode system 

 

21. Per NEC 300.5(D), underground conductors that emerge from the ground must be protected by conduit 

or other approved enclosure to a height of? 

 

A. 8 feet above grade — or to the point of termination if lower than 8 feet 

B. 6 feet above grade 

C. 10 feet above grade for conductors above 600V 

D. As determined by the authority having jurisdiction 

 

22. The purpose of a "listed" combination AFCI/GFCI circuit breaker in a branch circuit panel is to? 

 

A. Replace the need for GFCI receptacles on the protected circuit 

B. Provide ground fault protection only — AFCI function is a secondary benefit 

C. Satisfy NEC requirements for GFCI protection in wet locations only 

D. Provide arc fault protection against parallel and series arcing faults plus GFCI protection (Class A, 

6mA trip) in a single device — satisfying both NEC AFCI and GFCI requirements for the protected circuits 

 

POWER DISTRIBUTION AND HIGH-TENSION SYSTEMS (Questions 23–32) 

 

23. The purpose of a "current transformer" (CT) in a metering or protection circuit is to? 

 



A. Step up current to a measurable level from very low values 

B. Reduce high primary current to a standard secondary level (typically 5A or 1A) proportional to the 

primary current — allowing standard instruments and relays to measure and protect circuits carrying 

thousands of amperes 

C. Isolate the measuring instrument from the high-voltage circuit only 

D. Measure both current and voltage in a single device 

 

24. In a power system, the term "X/R ratio" of a transformer refers to? 

 

A. The ratio of transformer core losses to copper losses at full load 

B. The ratio of transformer leakage reactance to winding resistance — higher X/R means slower DC offset 

decay during faults, requiring derating of the breaker interrupt rating 

C. The ratio of exciting current to full-load current 

D. The ratio of primary to secondary impedance 

 

25. The purpose of a "potential transformer" (PT or VT) in a high-voltage metering circuit is to? 

 

A. Reduce high system voltage to a standard secondary level (typically 120V or 69.3V) proportional to 

the primary voltage — allowing standard instruments and relays to accurately measure and monitor 

kilovolt-level system voltages safely 

B. Increase low distribution voltage for accurate metering at substations 

C. Provide isolation between the metering instrument and distribution bus only 

D. Measure reactive power independently of active power components 

 

26. The purpose of "transformer differential protection" (ANSI 87T) during external faults is to? 

 

A. Trip the transformer for all through-fault current above rated load 

B. Restrain from operating during external faults — CTs on both sides of the transformer see the through-

fault current and their secondary currents cancel in the differential circuit, producing no operate signal 



C. Provide backup protection for the primary overcurrent relay 

D. Trip the transformer for external faults exceeding 200% of rated current 

 

27. In a medium-voltage distribution system, "automatic reclosers" are used to? 

 

A. Automatically restore service after a transient fault — approximately 80% of overhead distribution 

faults are temporary (tree branch contact, animal contact, lightning); a recloser opens on fault, pauses, and 

recloses, restoring service if the fault has cleared 

B. Provide overcurrent protection only — manual reset is required after each operation 

C. Switch capacitor banks on and off for reactive power control 

D. Transfer loads between feeders during planned maintenance outages 

 

28. The purpose of a "shunt reactor" on a long high-voltage transmission line is to? 

 

A. Provide reactive power to support voltage during heavy load conditions 

B. Filter harmonic currents generated by converter stations on the transmission line 

C. Provide fault current limitation during line-to-ground faults 

D. Absorb excess reactive power generated by the line's distributed capacitance during light load — 

preventing the Ferranti effect (voltage rise at the receiving end) and keeping bus voltages within acceptable 

limits 

 

29. The purpose of "islanding detection" in a distributed generation (DG) interconnection is to? 

 

A. Monitor DG output for efficiency optimization during grid-connected operation 

B. Detect when the DG is producing more power than the local load requires 

C. Verify that the DG is synchronized with the utility before closing the interconnection breaker 

D. Detect when the utility grid has de-energized and the DG is energizing an isolated portion of the 

distribution system — preventing safety hazards to utility line workers who believe the line is de-energized 

 



30. The purpose of "fault current contribution" from induction motors to system fault calculations is that 

induction motors? 

 

A. Do not contribute to fault current — only synchronous generators are sources 

B. Contribute fault current equal to their full-load current rating only 

C. Contribute fault current proportional to their locked rotor impedance, limited by their own thermal 

capacity 

D. Contribute fault current for the first few cycles after fault inception — the trapped flux in the rotor 

decays rapidly; motor fault contribution is typically 4–6 times FLA initially, decaying to zero within 3–5 

cycles 

 

31. The purpose of "ground differential protection" (ANSI 87G) on a generator is to? 

 

A. Protect the generator from external ground faults on the distribution system 

B. Detect stator ground faults by comparing neutral current to the sum of phase currents — providing 

sensitive protection for stator insulation failures 

C. Monitor generator shaft voltage for bearing current protection 

D. Provide backup protection for the generator transformer differential relay 

 

32. In a switchgear application, the purpose of "drawout" construction vs. "fixed" construction is that 

drawout allows? 

 

A. Higher interrupting ratings than equivalent fixed-mounted breakers 

B. Remote racking via motor-operated racking mechanisms only 

C. Faster fault clearing due to reduced contact resistance in the drawout stabs 

D. The breaker to be racked out to a disconnected or test position without de-energizing the bus — 

allowing breaker testing, maintenance, and replacement while the bus remains energized and other feeders 

remain in service 

 

 



GENERATORS, MOTORS, AND MOTOR CONTROL (Questions 33–44) 

 

33. The purpose of a generator's "voltage regulator" (AVR) is to? 

 

A. Control the generator's real power output by adjusting prime mover speed 

B. Prevent the generator from exceeding its rated MVA output 

C. Control reactive power sharing between parallel generators only 

D. Maintain constant terminal voltage by continuously adjusting field excitation current in response to 

load changes, power factor variations, and system voltage fluctuations 

 

34. In a wound-rotor induction motor, inserting external resistance into the rotor circuit? 

 

A. Increases starting torque while reducing starting current — and provides speed control by varying rotor 

resistance during operation at the expense of increased rotor I²R losses 

B. Reduces both starting torque and starting current proportionally 

C. Increases starting current while reducing starting torque 

D. Has no effect on motor starting characteristics 

 

35. The purpose of a motor's "locked rotor torque" (LRT) rating is to? 

 

A. Define the minimum torque the motor develops at standstill when full rated voltage is applied — 

determining whether the motor can start and accelerate a specific load 

B. Define the maximum torque before the motor overheats during starting 

C. Specify the torque available after the motor reaches rated speed 

D. Define the torque during transition from reduced voltage to full voltage starting 

 

 



36. The purpose of "torque proving" in a VFD application before releasing the brake on a hoisting 

application is to? 

 

A. Verify the VFD output frequency matches the motor's synchronous frequency before starting 

B. Test the motor insulation before each lift cycle 

C. Verify the encoder feedback is functioning correctly before the lift begins 

D. Confirm the motor has developed sufficient torque to hold the load before the mechanical brake is 

released — preventing load rollback that could cause dropped load or runaway 

 

37. In a three-phase motor, "single phasing" during operation causes? 

 

A. The motor to run at reduced speed proportional to the missing phase voltage 

B. The motor to operate normally at two-thirds load capacity 

C. The motor to immediately trip the overload relay in all cases 

D. The motor to continue running but drawing excessive current in the remaining two phases — generating 

heat sufficient to damage windings within minutes if not detected and tripped 

 

38. The purpose of a "soft starter" vs. a VFD for a centrifugal pump application is that a soft starter? 

 

A. Provides variable speed control throughout the pump's operating range 

B. Eliminates the need for overcurrent protection on the motor branch circuit 

C. Provides controlled voltage ramp-up during starting to reduce inrush current and water hammer — then 

bypasses at full speed, making it lower cost than a VFD for applications requiring only starting control 

D. Provides better energy efficiency than a VFD at all load points 

 

39. The purpose of a DC motor's "commutator" and "brushes" is to? 

 

A. Provide field current to the permanent magnet poles in the stator 



B. Regulate armature current to maintain constant motor speed 

C. Convert the alternating current induced in the armature windings to unidirectional current at the motor 

terminals — maintaining proper current direction in each armature coil as it rotates through the magnetic 

field 

D. Provide an electrical connection between the rotor and stator for torque transmission 

 

40. A 480V, 3-phase, 50 HP motor (η = 91%, PF = 0.87) has a full-load input kVA of approximately? 

 

A. 37.3 kVA 

B. 44.8 kVA 

C. 50 kVA 

D. 41.0 kVA 

 

41. The purpose of a motor's "breakdown torque" (pullout torque) rating is to? 

 

A. Determine the motor's starting torque capability 

B. Define the maximum torque the motor can develop before it stalls — loads exceeding breakdown torque 

cause the motor to pull out of normal operation and stall, drawing locked rotor current 

C. Specify the torque at rated full-load current and speed 

D. Define the torque at which the motor's efficiency is maximum 

 

42. The purpose of "dynamic braking" in a DC motor drive is to? 

 

A. Apply mechanical disc brakes during emergency stops only 

B. Short-circuit the motor armature through a braking resistor — the motor acts as a generator, converting 

kinetic energy to heat in the resistor to rapidly decelerate the load 

C. Reverse motor rotation to provide rapid braking by plugging 

D. Reconnect the motor in regenerative mode to return energy to the supply during deceleration 



43. The purpose of a "motor overload relay" thermal element vs. an electronic overload relay is that a 

thermal element? 

 

A. Provides faster response to locked rotor conditions 

B. Provides better phase unbalance detection 

C. Is less susceptible to nuisance tripping from harmonic currents in VFD applications 

D. Provides overload protection through a bimetallic element that heats proportionally to current — 

simulating the motor's thermal behavior; it does not require external power and provides inherent ambient 

temperature compensation 

 

44. In a three-phase motor control circuit, a "holding contact" (seal-in contact) on the starter contactor is 

used to? 

 

A. Prevent the motor from starting during a power interruption 

B. Provide electrical interlock with an adjacent starter 

C. Maintain the contactor energized after the start pushbutton is released — the auxiliary contact seals in 

the control circuit so the motor continues to run without requiring the operator to hold the start button 

D. Provide low-voltage protection by dropping out if control voltage falls below 80% 

 

ELECTRICAL TESTING, TROUBLESHOOTING, AND MAINTENANCE (Questions 45–54) 

 

45. The purpose of a "step voltage test" during DC hi-pot testing of cable is to? 

 

A. Gradually increase the test voltage to prevent insulation puncture from excessive rate of rise 

B. Measure insulation resistance at multiple voltage levels simultaneously 

C. Test the cable at AC equivalent voltage levels using DC 

D. Apply the test voltage in steps (25%, 50%, 75%, 100% of test voltage) — measuring leakage current 

at each step; a linearly increasing leakage current with each voltage step indicates good insulation; non-

linear or rapidly increasing leakage at a particular step identifies the voltage threshold of a defect 



46. When a three-phase motor shows unequal phase currents but operates at correct speed and voltage, the 

most likely cause is? 

 

A. A failed bearing causing mechanical imbalance 

B. Incorrect overload relay setting 

C. Voltage unbalance at the motor terminals — even small voltage unbalance produces disproportionately 

larger current unbalance; a 2% voltage unbalance typically produces 6–10% current unbalance 

D. Motor operating beyond its service factor rating 

 

47. The purpose of "contact timing" tests on a high-voltage circuit breaker during maintenance is to? 

 

A. Verify the breaker trip unit operates within manufacturer's specifications 

B. Measure the trip coil resistance for continuity verification 

C. Measure the time from trip signal initiation to contact separation (opening time) and from close signal 

to contact touch (closing time) — deviations from manufacturer's specifications indicate worn 

mechanisms, slow trip coils, or damaged operating linkages 

D. Verify the breaker can interrupt rated fault current within the specified arcing time 

 

48. The purpose of an "automatic transfer switch" (ATS) test involves verifying? 

 

A. The ATS can handle the full facility load on emergency power only 

B. Correct transfer and retransfer times, load transfer without interruption (for closed transition ATS), 

generator start signal, and retransfer logic including time delay and voltage/frequency sensing 

C. The generator output voltage only — the ATS mechanics are verified separately 

D. Transfer time is within 10 seconds for all ATS types — the NEC standard for emergency systems 

 

48. The purpose of performing an ATS test with load involves verifying that the ATS? 

 



A. Correctly senses loss of normal power, initiates generator start, transfers load to emergency source 

within specified time, and retransfers to normal source when it is restored — with all time delays and 

voltage/frequency sensing thresholds confirmed 

B. Can handle the full facility load without voltage drop on the emergency bus 

C. Transfers load without any interruption for critical medical or data center applications 

D. Correctly reports transfer status to the building management system 

 

49. The purpose of a "power transformer turns ratio" (TTR) test is to? 

 

A. Measure transformer winding resistance for connection verification 

B. Verify transformer polarity for parallel operation compatibility 

C. Measure the ratio of primary to secondary turns — verifying it matches the nameplate ratio, detecting 

shorted turns, and confirming tap changer operation; deviations of more than 0.5% from the calculated 

ratio indicate a winding problem 

D. Test transformer insulation between primary and secondary windings 

 

50. When a ground fault relay nuisance-trips on a solidly grounded 480V system, the systematic 

investigation should include? 

 

A. Immediately replacing the ground fault relay 

B. Checking for harmonic currents that may be affecting the relay 

C. Measuring the zero-sequence current during normal operation to verify it is below the relay's pickup 

setting — also checking CT connections, relay settings relative to system charging current, and verifying 

no actual intermittent ground fault exists 

D. Increasing the relay pickup setting without further investigation 

 

51. The purpose of a "recloser coordination" study on a distribution feeder is to? 

 

A. Verify recloser ratings match the maximum fault current on the feeder 



B. Ensure recloser fast curve operations clear temporary faults before downstream fuse elements melt — 

providing "fuse saving" — while the recloser's slow curve coordinates with the fuse to allow permanent 

fault isolation 

C. Prevent reclosers from operating during motor starting inrush current periods 

D. Verify recloser settings comply with the utility's interconnection requirements 

 

51. The purpose of performing "relay coordination" between a recloser and downstream fuse is to? 

 

A. Ensure the fuse blows before the recloser operates on temporary faults 

B. Ensure both devices operate simultaneously for faster fault clearing 

C. Verify the recloser's instantaneous curve operates faster than the fuse minimum melt curve — saving 

the fuse on temporary faults; on permanent faults, the recloser exhausts its fast operations and locks out 

after the fuse clears the faulted lateral 

D. Ensure the recloser backup curve coordinates with the substation breaker 

 

52. The purpose of "partial discharge testing" on switchgear insulation is to? 

 

A. Measure the switchgear bus bar contact resistance 

B. Test the switchgear breaker trip unit calibration 

C. Detect internal voids, tracking, and contamination in the switchgear insulation system — PD activity 

erodes solid insulation and can lead to flashover; online PD monitoring detects deterioration before a 

catastrophic failure 

D. Verify the switchgear bus insulation meets the withstand voltage rating 

 

53. When a 480V feeder breaker trips on ground fault but no fault is found after detailed inspection, the 

next diagnostic step should be to? 

 

A. Replace the ground fault relay module immediately 

B. Increase the breaker's ground fault pickup setting 



C. Install a power quality analyzer on the feeder to capture the next event — logging current waveforms, 

zero-sequence current, and timing to distinguish a true intermittent ground fault from a nuisance trip 

caused by inrush current or CT saturation 

D. Verify the feeder conductor insulation resistance with a megohmmeter 

 

54. The purpose of a "liquid-in-glass thermometer" vs. a resistance temperature detector (RTD) for 

transformer winding temperature measurement is that an RTD? 

 

A. Provides continuous electrical output proportional to temperature — enabling remote monitoring, 

alarm, and trip functions without manual observation; precision is typically ±0.1–0.5°C vs. ±1–2°C for 

liquid-in-glass thermometers 

B. Is less susceptible to vibration damage than a liquid-in-glass thermometer 

C. Provides faster thermal response to winding temperature changes 

D. Is required by NEMA for all transformers above 500 kVA 

 

MECHANICAL EQUIPMENT (Questions 55–63) 

 

55. The purpose of a "mechanical seal" vs. a "packing gland" on a centrifugal pump is that a mechanical 

seal? 

 

A. Is less expensive than packing and requires no maintenance 

B. Handles higher suction pressures than packing seals 

C. Provides a lower leakage rate and longer service life — reduces shaft power loss from friction, 

eliminates the need for periodic packing adjustment, and prevents process fluid contamination of the 

environment; packing intentionally leaks to lubricate itself 

D. Is required by API 682 for all pump applications regardless of process fluid 

 

56. In a steam system, "superheat" is expressed as? 

 

A. The absolute temperature of steam above 212°F 



B. The number of degrees above the saturation temperature at the operating pressure — e.g., steam at 150 

psig has a saturation temperature of 366°F; at 200°F superheat, the steam temperature is 566°F 

C. The enthalpy of steam above that of saturated water at 32°F 

D. The pressure above saturation pressure at a given temperature 

 

57. The purpose of a boiler's "steam drum level control" maintaining the correct water level is that? 

 

A. High level increases steam output by providing more steam generating surface 

B. High level allows carryover of water droplets into the steam system (priming) — damaging steam 

equipment; low level uncovers generating tubes causing overheating and tube failures 

C. Level control only matters during startup — steady-state level is self-regulating 

D. The correct level prevents pressure fluctuations in the steam system 

 

58. The purpose of a gas turbine's "combustion liner" (flame tube) is to? 

 

A. Mix fuel and air in the correct ratio before ignition 

B. Provide thermal insulation between the combustion gases and turbine casing 

C. Contain the combustion process, shape the combustion zone for complete burning, dilute combustion 

gases with secondary air to the correct turbine inlet temperature, and protect the surrounding structure 

from direct flame impingement 

D. Provide the primary structural support for the combustion section 

 

59. In a hydraulic system, the purpose of a "pressure relief valve" vs. a "pressure reducing valve" is that a 

pressure relief valve? 

 

A. Maintains constant downstream pressure regardless of flow rate 

B. Opens when downstream pressure falls below its setpoint 



C. Opens when upstream (system) pressure exceeds its setpoint — diverting excess flow to tank to prevent 

overpressure; a pressure reducing valve limits downstream pressure to a setpoint regardless of upstream 

pressure 

D. Is installed on the return line only 

 

60. The purpose of a turbine's "turning gear" (barring gear) during hot shutdown is to? 

 

A. Provide slow rotation for oil film maintenance in journal bearings only 

B. Allow inspection of each blade row as it passes a fixed reference point 

C. Rotate the turbine shaft slowly — preventing thermal bowing of the rotor from uneven cooling; 

differential thermal contraction of the upper vs. lower casing causes the upper rotor to cool faster, bowing 

the shaft if stationary; turning gear keeps the rotor rotating at 2–5 RPM until temperatures equalize 

D. Maintain shaft alignment during cooldown by counteracting casing differential expansion 

 

61. The purpose of a "crosshead" in a large reciprocating compressor is to? 

 

A. Connect the piston rod to the connecting rod — guiding the piston rod's linear motion and preventing 

side loads (bending moments) from being transmitted to the piston and cylinder, which is particularly 

important in large, double-acting cylinders 

B. Control valve timing for the suction and discharge valves 

C. Transmit rotational motion from the crankshaft to the piston 

D. Provide the pressure-containing connection between cylinder and crankcase 

 

62. The purpose of a "draft gauge" on a boiler is to? 

 

A. Measure the oxygen content of the flue gases for combustion optimization 

B. Measure the steam pressure in the drum for safety valve calibration 

C. Measure the fuel pressure at the burner for combustion control 



D. Measure the static pressure differential in the furnace and flue gas passes — indicating draft (negative 

pressure) conditions; loss of draft or positive furnace pressure indicates ID fan problems or flue gas 

obstruction 

 

62. The purpose of a "draft gauge" (furnace pressure gauge) on a fired boiler is to? 

 

A. Measure the negative static pressure (draft) in the furnace and flue gas path — used to verify proper 

ID fan operation, detect flue gas obstruction, and confirm the furnace is operating at the correct slightly 

negative pressure to prevent hot gas leakage 

B. Indicate the fuel-to-air ratio in the combustion zone 

C. Measure combustion air pressure from the FD fan 

D. Monitor boiler feed pump discharge pressure 

 

63. The purpose of a pump's "NPSH available" (NPSHa) vs. "NPSH required" (NPSHr) is that NPSHa 

must? 

 

A. Exceed NPSHr by a margin of at least 3–5 feet — if NPSHa drops to or below NPSHr, the pump 

cavitates; NPSHa is a system characteristic determined by suction head, friction losses, and fluid vapor 

pressure; NPSHr is a pump characteristic determined by impeller design and flow rate 

B. Equal NPSHr for optimum pump efficiency 

C. Be less than NPSHr to maintain adequate suction pressure 

D. Exceed NPSHr only during startup conditions 

 

FLUID SYSTEMS (Questions 64–72) 

 

64. The purpose of a "three-way mixing valve" vs. a "two-way modulating valve" in a hydronic terminal 

unit is that a three-way valve? 

 

A. Provides better temperature control than a two-way valve 

B. Is required for variable flow applications per ASHRAE 90.1 



C. Maintains constant flow through the terminal unit coil by mixing supply and bypass flow — 

maintaining constant pump flow regardless of thermal demand; a two-way valve reduces flow through the 

coil, creating variable flow conditions that require pump pressure control 

D. Eliminates the need for a balancing valve at the terminal unit 

 

65. In a steam system, the purpose of a "thermostatic steam trap" vs. a "float and thermostatic" (F&T) trap 

is that a thermostatic trap? 

 

A. Handles larger condensate loads at higher steam pressures 

B. Operates based on the temperature difference between steam and sub-cooled condensate — the 

thermostatic element opens when condensate temperature drops below saturation, allowing condensate 

and air to discharge; an F&T trap uses a float for continuous condensate drainage plus a thermostatic air 

vent 

C. Provides better performance at varying pressure conditions 

D. Is the preferred trap type for steam main drip legs 

 

66. The purpose of a "cooling tower basin heater" is to? 

 

A. Maintain basin water temperature above freezing during cold weather operation — preventing ice 

formation that would block distribution nozzles, damage fill media, and crack the basin structure 

B. Supplement the cooling tower's heat rejection capacity during peak loads 

C. Provide standby heating when the chiller is shut down 

D. Pre-heat the condenser water before it enters the chiller during startup 

 

67. In a compressed air system, the difference between a "reciprocating" and a "rotary screw" compressor 

at part load is that a rotary screw? 

 

A. Is less efficient than a reciprocating compressor at part load 



B. Can be efficiently unloaded to zero capacity without stopping — using variable speed drive or inlet 

modulation, maintaining continuous output at reduced flow with lower efficiency degradation than 

reciprocating unloading methods 

C. Requires more frequent maintenance at part load operation 

D. Cannot operate below 50% of rated capacity without surge risk 

 

68. The purpose of a steam system's "flash tank" for high-pressure condensate returning to a low-pressure 

system is to? 

 

A. Remove dissolved oxygen from the condensate before it returns to the boiler 

B. Allow high-pressure condensate to flash to steam at the lower pressure — the flash steam is recovered 

for use in the low-pressure system and only the remaining condensate (now at low-pressure saturation 

temperature) returns to the condensate receiver 

C. Provide surge volume for condensate load variations in the return system 

D. Separate oil contamination from condensate before boiler return 

 

69. The purpose of a chiller's "purge unit" in a low-pressure centrifugal chiller using CFC or HCFC 

refrigerants is to? 

 

A. Remove refrigerant from the chiller for storage during maintenance 

B. Recover refrigerant that has migrated to the oil circuit during operation 

C. Monitor refrigerant purity and alert operators to refrigerant contamination 

D. Remove non-condensable gases (air, nitrogen) that leak into the below-atmospheric-pressure 

evaporator — non-condensables raise condenser pressure, reduce heat transfer, and indicate refrigerant 

system leakage 

 

70. The purpose of a boiler's "continuous blowdown heat recovery" system is to? 

 



A. Recover heat from the hot continuous blowdown stream by passing it through a heat exchanger to 

preheat makeup water — reducing the energy wasted in blowdown by capturing 60–80% of the heat 

content before the blowdown is discharged 

B. Recover flash steam from the continuous blowdown for use in the deaerator 

C. Reduce the volume of blowdown water requiring treatment before discharge 

D. Monitor blowdown conductivity for automatic boiler water chemistry control 

 

71. In a hydronic heating system, "reverse return" piping configuration is used to? 

 

A. Allow bidirectional flow for seasonal changeover between heating and cooling 

B. Ensure equal resistance flow paths to all terminal units — each unit's total supply plus return pipe 

length is equal, providing inherent hydraulic balance without individual circuit balancing valves 

C. Return condensate from steam terminal units back to the boiler 

D. Prevent thermal stratification in tall buildings with multiple heating zones 

 

72. The purpose of an "expansion tank" in a closed hydronic system is to? 

 

A. Provide emergency water storage for the heating or cooling system 

B. Allow for pump cavitation relief during system startup conditions 

C. Serve as a reserve water volume for system top-up between maintenance cycles 

D. Accommodate the volume change of water as it heats and cools — preventing excessive pressure 

buildup or system vacuum without allowing air to enter; sized for the total system water volume and 

temperature swing 

 

CONSTRUCTION, TOOLS, AND RIGGING (Questions 73–80) 

 

73. The purpose of a "cable management system" (cable tray, J-hooks, cable cleats) for power cables in 

an industrial facility includes? 

 



A. Organizing cables in accessible, maintainable routing paths while providing adequate support to 

prevent conductor strain, maintaining separation between power and signal cables, and allowing future 

additions without disturbing existing cables 

B. Meeting NEC fill calculations for conduit systems only 

C. Satisfying OSHA requirements for cable protection in all industrial areas 

D. Providing mechanical protection equivalent to rigid conduit for all cable types 

 

74. The purpose of a "ground resistance tester" (fall-of-potential method) test on a new grounding 

electrode installation is to? 

 

A. Verify that the grounding electrode conductor is correctly sized per NEC 250.66 

B. Measure the electrode continuity to the grounding electrode system 

C. Verify the electrode meets the NEC maximum 25-ohm resistance requirement for a single rod — if 

resistance exceeds 25 ohms, NEC 250.53(A)(2) requires a second electrode to be installed 

D. Measure the resistance of the grounding electrode system per IEEE 81 to confirm it provides a 

sufficiently low impedance for fault current return and lightning protection — compared against the design 

criteria for the specific application 

 

75. When selecting wire rope slings for a critical lift, the "design factor" (safety factor) required by ASME 

B30.9 for general lifting is? 

 

A. 5:1 — the breaking strength of the sling must be at least 5 times the working load limit to provide 

adequate safety margin for dynamic loading, shock loads, and degradation 

B. 3:1 for all lifting applications 

C. 4:1 for loads below 10 tons only 

D. 10:1 for overhead lifts above personnel 

 

 

 



76. The purpose of "cable segregation" between power cables and instrument/control cables in industrial 

installations is to? 

 

A. Reduce the total number of cable trays required in the installation by separating cable types to minimize 

mutual interference — keeping power cables' electromagnetic fields from inducing noise voltages in 

adjacent instrument cables that would cause signal errors and false control actions 

B. Satisfy NEC Article 392 fill requirements for mixed cable types in a single tray 

C. Prevent heat from power cables from damaging the insulation of instrument cables 

D. Meet OSHA requirements for color coding of power and control cables 

 

77. The purpose of "cable markers" (heat-shrink labels, wire markers) on conductors at every termination 

point is to? 

 

A. Satisfy NEC conductor color coding requirements for 480V systems 

B. Enable unambiguous identification of each conductor during maintenance, troubleshooting, and future 

modifications — preventing incorrect connections that could cause equipment damage or safety hazards 

when the original installer is unavailable 

C. Meet OSHA requirements for lockout/tagout identification of conductors 

D. Provide permanent documentation of conductor routing through the facility 

 

78. When installing large cable lugs using a hydraulic compression tool, the correct die selection is critical 

because? 

 

A. Using a die that is too large leaves a loose crimp with inadequate contact area — while a die that is too 

small over-compresses the conductor, reducing cross-section and increasing resistance 

B. The die must match the lug manufacturer's catalog number exactly 

C. Wrong die selection voids the lug manufacturer's UL listing 

D. Both A and B — the die must be correct for both the lug barrel dimensions and the manufacturer's 

catalog specification to ensure a proper crimp 

 



78. When installing large cable lugs using a hydraulic compression tool, the correct die selection is critical 

because using the wrong die? 

 

A. Requires the lug to be re-crimped with additional compressions to compensate 

B. Produces a joint that may appear correct visually but has inadequate compression — resulting in high 

contact resistance that causes heating under load, potentially leading to failure or fire at the connection 

point 

C. Voids the equipment manufacturer's warranty for the connected equipment 

D. Requires the conductor to be re-stripped and a new lug installed 

 

79. The purpose of "cable tray grounding" per NEC 392.60 is to? 

 

A. Provide a grounding path for electronic equipment mounted on the cable tray 

B. Satisfy NEC requirements for grounding all metal parts within 6 feet of ground 

C. Ensure the metal cable tray system serves as an equipment grounding conductor (EGC) when it is listed 

and identified for grounding — providing a continuous low-impedance path for fault current when cables 

in the tray develop ground faults 

D. Bond the cable tray to the building structural steel for lightning protection 

 

80. The purpose of a "conduit sleeve" (core drill sleeve) when penetrating a structural concrete wall for 

conduit installation is to? 

 

A. Provide fire stopping for the conduit penetration through the fire-rated assembly 

B. Protect the conduit from concrete abrasion during construction settling 

C. Provide a smooth, finished opening that protects the conduit from the rough concrete edge — allows 

the conduit to be installed and sealed correctly, and maintains the structural integrity of the wall by 

distributing stress around the penetration rather than concentrating it at a rough core-drilled hole 

D. Allow the conduit to be removed and replaced without re-coring the wall 

 

 



HAZARDOUS MATERIALS AND ENVIRONMENTAL COMPLIANCE (Questions 81–89) 

 

81. The purpose of OSHA's "process safety management" (PSM) standard "pre-startup safety review" 

(PSSR) is to? 

 

A. Review contractor safety programs before they begin work at a PSM facility 

B. Verify before startup that construction is in accordance with design specifications, safety, operating, 

and maintenance procedures are in place, a PHA has been performed, and all recommendations resolved 

— and that affected employees have been trained on the new process 

C. Verify the process hazard analysis is current before each startup cycle 

D. Review the emergency response plan with the local fire department before startup 

 

82. Under RCRA, a "satellite accumulation area" (SAA) allows a generator to? 

 

A. Store unlimited quantities of hazardous waste for 90 days at the point of generation 

B. Store hazardous waste in containers up to 55 gallons at or near the point of generation with minimal 

regulatory requirements — the container must be in good condition, compatible with the waste, labeled 

"Hazardous Waste," and moved to the central accumulation area when full or at 55 gallons 

C. Dispose of small quantities of hazardous waste in the facility's sanitary sewer 

D. Accumulate waste from multiple generation points in a single central location 

 

83. The purpose of EPA's "significant new use rule" (SNUR) under TSCA is to? 

 

A. Require EPA notification before a chemical is used in a new application or by a new user that EPA has 

determined may present unreasonable risks — allowing EPA to evaluate and potentially restrict the new 

use before it occurs 

B. Restrict the import of chemicals manufactured outside the United States 

C. Require annual reporting of all chemicals manufactured in quantities above 10,000 lbs 

D. Establish exposure limits for chemicals in the workplace 



84. The purpose of OSHA's "hearing conservation program" under 1910.95 requires action when noise 

levels reach? 

 

A. 85 dBA TWA — requiring audiometric testing, hearing protection, employee training, and 

recordkeeping; engineering controls are required when feasible and must be implemented before relying 

on hearing protection as the primary control 

B. 90 dBA TWA — at which point OSHA requires immediate area evacuation 

C. 95 dBA TWA for impulsive noise only 

D. 80 dBA TWA for any noise source in the workplace 

 

85. The purpose of a facility's "tier II" chemical inventory report vs. a "tier I" report is that tier II? 

 

A. Is required only for facilities with quantities above TRI reporting thresholds 

B. Is submitted to EPA directly rather than to the SERC and LEPC 

C. Provides detailed information for each chemical including CAS number, physical and health hazard 

categories, maximum and average daily amounts, storage codes, and specific storage location — tier I 

provides only aggregate chemical category quantities, making tier II far more useful for emergency 

response planning 

D. Is required annually for all facilities regardless of chemical quantities stored 

 

86. The purpose of OSHA's "permit-required confined space" (PRCS) program is to? 

 

A. Restrict confined space entry to licensed confined space contractors only 

B. Identify spaces with actual or potential serious hazards — requiring a written entry permit, atmospheric 

testing before entry, continuous monitoring during entry, trained attendant outside the space, and a rescue 

plan before any authorized entrant enters 

C. Apply to all enclosed spaces regardless of their hazard potential 

D. Satisfy EPA requirements for confined space work near chemical storage areas 

 

 



87. Under the Clean Air Act, a "major modification" to an existing major stationary source requires? 

 

A. Facility notification to the state environmental agency only 

B. Upgrading all emission controls on the modified source to BACT standards 

C. A minor permit modification under state operating permit programs 

D. New Source Review (NSR) permitting — analyzing the net emissions increase from the modification 

and potentially requiring installation of Best Available Control Technology (BACT) or Lowest Achievable 

Emission Rate (LAER) controls before the modification proceeds 

 

88. The purpose of a facility's "waste minimization" program under RCRA Section 3002(b) is to? 

 

A. Reduce the volume and toxicity of hazardous waste generated at the facility — reducing regulatory 

burden, disposal costs, and liability; methods include source reduction (process changes, material 

substitution) and recycling; waste minimization is the preferred approach over treatment and disposal 

B. Eliminate all hazardous waste generation within 5 years 

C. Satisfy EPA permit conditions for large quantity generators only 

D. Reduce waste disposal costs without necessarily reducing waste generation 

 

89. The purpose of OSHA's "electrical safety-related work practices" standard 1910.333 is specifically to? 

 

A. Establish equipment installation requirements for new electrical systems 

B. Define maintenance requirements for electrical equipment in industrial facilities 

C. Provide safety requirements for construction electrical work 

D. Protect employees who work on or near exposed energized electrical parts — specifying safe work 

practices including approach distances, insulated tools and equipment, personal protective equipment, and 

alerting techniques to prevent electrical injuries 

 

 

 



SAFETY, LOTO, ARC FLASH, AND EMERGENCY PROCEDURES (Questions 90–100) 

 

90. The purpose of "arc-rated face shields" vs. "arc-rated balaclava" combinations for arc flash protection 

is that the face shield? 

 

A. Provides higher arc rating than an equivalent balaclava alone 

B. Protects the face and eyes from the thermal and pressure effects of arc flash — while the balaclava 

protects the neck, ears, and head not covered by the hard hat; together they provide full head and face 

protection without gaps 

C. Replaces the need for safety glasses underneath 

D. Is required only for PPE Category 3 and 4 tasks 

 

91. Under NFPA 70E, the "arc flash boundary" is defined as the distance at which? 

 

A. The incident energy equals 4 cal/cm² — the threshold for second-degree burns 

B. The shock hazard becomes the primary concern rather than arc flash 

C. All workers must wear arc-rated PPE regardless of task 

D. A worker without arc-rated PPE could receive a second-degree burn — the incident energy at the arc 

flash boundary equals 1.2 cal/cm² 

 

92. The purpose of OSHA's "general duty clause" (Section 5(a)(1)) in electrical safety is to? 

 

A. Establish specific voltage thresholds for electrical work 

B. Address electrical hazards not specifically covered by OSHA electrical standards — requiring 

employers to provide a workplace free from recognized hazards causing or likely to cause death or serious 

physical harm, even when no specific OSHA rule covers the exact situation 

C. Define the minimum PPE required for all electrical work 

D. Establish jurisdiction for OSHA vs. state plan states for electrical safety 

 



93. The purpose of "approach boundaries" (limited, restricted, prohibited) in NFPA 70E for shock 

protection is to? 

 

A. Define areas where arc flash PPE must be worn at all times 

B. Establish minimum working distances for all electrical work regardless of voltage 

C. Define zones of increasing shock hazard around exposed energized conductors — limiting who may 

enter each zone and requiring progressively greater protection as the worker approaches the energized 

conductor 

D. Satisfy OSHA's requirement for barrier protection around all energized equipment 

 

94. When performing a risk assessment before an energized electrical task, the "hierarchy of risk controls" 

places the most preferred control as? 

 

A. Administrative controls — written procedures and permits 

B. PPE — selecting appropriate arc-rated clothing and rubber insulating gloves 

C. Engineering controls — remote operation, additional guarding, or current-limiting devices 

D. Elimination — de-energizing the equipment and establishing an electrically safe work condition before 

performing the task 

 

95. The purpose of "emergency lighting" per NEC Article 700 is to? 

 

A. Provide illumination for all occupied areas during normal power outages 

B. Meet OSHA requirements for exit illumination in all industrial facilities 

C. Automatically illuminate means of egress, exit signs, and critical task areas when normal power fails 

— with a system capable of providing illumination for not less than 90 minutes at the required light levels 

D. Satisfy fire code requirements for emergency generator testing only 

 

 

 



96. Under NFPA 70E, "safety-related work practices" during battery system maintenance include? 

 

A. Wearing chemical splash goggles, acid-resistant gloves, and apron — using insulated tools, removing 

metal jewelry, ensuring adequate ventilation, and having an eye wash station immediately accessible — 

electrolyte burns and hydrogen explosion are the primary hazards 

B. De-energizing all battery circuits before any battery maintenance 

C. Requiring two qualified persons for all battery work above 50V DC 

D. Using only manufacturer-approved test equipment for battery testing 

 

97. The purpose of a "safety watch" during high-voltage cable testing is to? 

 

A. Monitor test equipment readings during the test 

B. Operate the test set controls while the engineer inspects the cable 

C. Document the test results for the project record 

D. Prevent unauthorized personnel from entering the test area while high voltage is applied — maintaining 

a physical barrier and warning system to ensure no one contacts the energized cable or test equipment 

during the test 

 

98. When a VFD output cable develops a ground fault during operation, the potential hazard unique to 

VFD systems compared to utility-connected motors is that? 

 

A. VFDs produce higher fault current than utility connections 

B. VFDs use single-phase power internally — increasing ground fault current 

C. VFD output conductors carry PWM waveforms with high dV/dt — stressing cable insulation at 

reflection points and requiring specific cable types (VFD-rated cable) for long cable runs to prevent 

premature insulation failure 

D. The DC bus capacitors maintain voltage on the output conductors after the input power is disconnected 

— creating a shock hazard during the bus discharge period and potentially causing the ground fault current 

to continue briefly after the input breaker opens 

 



99. The purpose of a facility's "electrical preventive maintenance" (EPM) program per NFPA 70B is to? 

 

A. Satisfy OSHA's written electrical safety plan requirement for PSM facilities 

B. Meet insurance carrier requirements for electrical equipment coverage 

C. Define maintenance intervals for all electrical equipment based on manufacturer recommendations and 

industry standards only 

D. Reduce equipment failures, extend equipment life, identify deteriorating conditions before they cause 

failures, maintain equipment in safe operating condition, and document the maintenance history — 

supporting both reliability and safety objectives 

 

100. When responding to a reported burning smell from an electrical panel, the correct initial response 

sequence before opening the panel is to? 

 

A. Call the fire department before approaching the panel 

B. Notify affected personnel, don appropriate PPE (arc-rated clothing, face shield, rubber insulating 

gloves), position yourself to the side of the panel, verify test equipment is rated for the voltage, have fire 

suppression available, then approach cautiously to assess before opening — never open a suspected arcing 

panel without full arc flash PPE 

C. Immediately open the panel to identify and correct the source 

D. Turn off the main breaker remotely before any investigation 

  



PRACTICE EXAM 20 — ANSWER KEY 

AND FULL EXPLANATIONS 
 

ELECTRICAL FUNDAMENTALS (Questions 1–12) 

1. Correct Answer: B — 16.97A: Peak voltage = V_RMS × √2 = 240 × 1.414 = 339.4V. Peak current = 

V_peak ÷ R = 339.4 ÷ 20 = 16.97A. For a resistive load, current and voltage are in phase — the peak 

current occurs at the same instant as the peak voltage. 

2. Correct Answer: B — Conductance: Conductance G = 1 ÷ R, measured in siemens (S). A higher 

conductance value indicates a material or component that passes current more easily. Susceptance (B = 1 

÷ X) is the reciprocal of reactance, and admittance (Y = 1 ÷ Z) is the reciprocal of impedance — all are 

components of the complex admittance used in AC circuit analysis. 

3. Correct Answer: D — Zero: In steady-state DC, the capacitor is fully charged to the supply voltage 

— no further current can flow because no voltage difference exists across the capacitor to drive current 

through the circuit. Capacitors pass current only during charging or discharging transients. This property 

makes capacitors useful as DC blocking elements while passing AC signals. 

4. Correct Answer: A — Zero: A pure inductor stores energy in its magnetic field during one quarter 

cycle and returns it to the circuit during the next — no net energy is consumed per cycle. True power P = 

V × I × cos(90°) = 0 for a purely inductive load. In practice, real inductors have winding resistance that 

dissipates some power, but the reactive power (VAR) in the inductive component produces no heat. 

5. Correct Answer: C — 4µF: For capacitors in series: 1/C_total = 1/C1 + 1/C2 = 1/6 + 1/12 = 2/12 + 

1/12 = 3/12. Therefore C_total = 12/3 = 4µF. Capacitors in series reduce total capacitance — opposite to 

resistors in series. This is because the same charge is stored on each capacitor, but the total voltage divides 

between them. 

6. Correct Answer: B — 180° for subtractive polarity or 0° for additive polarity depending on 

winding configuration: Transformer polarity describes the instantaneous voltage relationship between 

primary and secondary terminals. In a subtractive polarity transformer (standard for power transformers 

above 200 kVA per IEEE C57.12), the H1 and X1 terminals have opposite instantaneous polarities — 

secondary voltage is 180° out of phase with primary when referenced the same way. Additive polarity 

(standard for distribution transformers 200 kVA and below at 8,660V and below) has H1 and X1 at the 

same instantaneous polarity. 

7. Correct Answer: B — The ratio of true power to apparent power — cos(θ): PF = P ÷ S = cos(θ). A 

power factor of 1.0 (unity) means all current does useful work — every volt-ampere of apparent power 



equals one watt of real power. A power factor of 0.8 lagging means 80% of the apparent power does useful 

work; 20% is reactive power oscillating between source and load inductance without being consumed. 

8. Correct Answer: C — 0.5Ω — maximum power transfer when load resistance equals source 

internal resistance: Maximum power transfer theorem: P_max = V²_source ÷ (4 × R_internal). At R_load 

= R_internal = 0.5Ω, terminal voltage = 12 × 0.5 ÷ (0.5 + 0.5) = 6V, current = 12A, P_load = 6 × 12 ÷ 2 

= 36W ÷ 2... I = 12 ÷ (0.5 + 0.5) = 12A; P_load = 12² × 0.5 = 72W. This theorem is fundamental to 

impedance matching in communication systems, though power systems optimize for efficiency (R_load 

>> R_source) rather than maximum power transfer. 

9. Correct Answer: C — 1.0 second: τ = R × C = 10,000Ω × 100 × 10⁻⁶F = 1.0 second. The time constant 

represents the time for the capacitor to charge to 63.2% of the supply voltage (or discharge to 36.8% of 

initial voltage). After 5 time constants (5 seconds), the capacitor is considered fully charged (99.3%). The 

RC time constant is fundamental to timer circuits, filter design, and transient analysis. 

10. Correct Answer: C — The phasor sum of the three phase currents — zero for a balanced load, 

non-zero for unbalanced loads: In a balanced three-phase system, the three phase currents are equal in 

magnitude and 120° apart — their phasor sum is exactly zero, and the neutral carries no current. Any load 

unbalance produces a net phasor sum that the neutral must carry. This is why neutral conductors in 

balanced commercial/industrial systems can be sized smaller, while feeders serving highly unbalanced 

single-phase loads need full-size neutrals. 

11. Correct Answer: B — Maintain a nearly constant voltage when reverse-biased above its 

breakdown voltage — providing a voltage reference: A Zener diode is designed to operate in reverse 

breakdown at a specific voltage (e.g., 5.1V, 12V) — unlike regular diodes, it can sustain this reverse 

breakdown indefinitely without damage. The voltage across the Zener remains nearly constant over a wide 

range of reverse current — making it an excellent voltage reference. Zener regulators are used for low-

current reference voltages; for higher currents, the Zener reference drives a transistor pass element. 

12. Correct Answer: A — 90° — the voltages are perpendicular in the phasor diagram: Quadrature 

means "at right angles" — two voltages in phase quadrature are 90° apart in the phasor diagram. The sum 

of two equal voltages in phase quadrature is V√2 — derived from the Pythagorean theorem applied to the 

phasor diagram. Phase quadrature relationships are fundamental in AC power (relationship between P, Q, 

and S) and in motor theory (relationship between flux and current components). 

WIRING, CONDUCTORS, AND PROTECTIVE DEVICES (Questions 13–22) 

13. Correct Answer: C — The calculated load per Article 220 but not less than 60A for a one-family 

dwelling with more than one branch circuit: NEC 230.79 establishes minimum service disconnect 

ratings: (A) single branch circuit — 15A minimum; (B) single-family dwelling with two to six circuits — 

60A minimum; (C) all other installations — rating must accommodate the Article 220 calculated load. 

These minimums ensure the service equipment is adequate for the building's actual needs rather than just 

the minimum code compliance level. 



14. Correct Answer: C — Require a means to reduce clearing time when the instantaneous element 

is not set to operate — reducing arc flash incident energy: NEC 240.87 was introduced in the 2014 

NEC in response to growing awareness of arc flash hazards. When a 1,200A or larger breaker's 

instantaneous element is intentionally set high (or defeated) for coordination purposes, fault clearing time 

increases dramatically — multiplying arc flash incident energy. The arc energy reduction methods listed 

in NEC 240.87 (ZSI, maintenance mode settings, bus differential, arc flash detection relay) reduce clearing 

time without compromising coordination. 

15. Correct Answer: B — A current-limiting fuse rated 601A–6,000A for high-amperage service 

entrance and feeder protection: Class L fuses are bolted-type fuses in ratings from 601A to 6,000A — 

they are not rejection style (unlike Class R, J, or CC). They are current-limiting fuses with high 

interrupting ratings (200kA+ at 600V) used where Class R fuses (maximum 600A) are insufficient. Class 

L fuses are commonly used for main service protection in commercial and industrial facilities with high 

available fault current. 

16. Correct Answer: C — Ensure the luminaire can be completely isolated for maintenance — 

particularly for ballasts that may retain hazardous voltage after the branch circuit breaker is 

opened: NEC 410.130(G) requires a disconnecting means within sight of, or lockable, for fluorescent 

luminaires with double-ended lamps and containing ballasts in certain occupancies (indoor locations other 

than dwellings and the like). Electronic ballasts can hold capacitive charge that remains energized briefly 

after circuit opening — and some ballast types can continue to energize lamp sockets from stored energy, 

creating a shock hazard during lamp replacement. 

17. Correct Answer: C — Ensure metal piping cannot become energized at a dangerous voltage if a 

fault occurs — equalizing potential between piping and the grounded electrical system: NEC 

250.104(A) requires metal water piping in a building to be bonded to the service equipment enclosure, the 

grounded conductor, the grounding electrode conductor, or the grounding electrodes. This bonding ensures 

that if an electrical fault energizes any connected equipment, the fault current returns through the low-

impedance bonding conductor rather than through a person contacting both the piping and a grounded 

surface simultaneously — the equipotential bonding limits touch voltage to a safe level. 

18. Correct Answer: C — Clears high-magnitude faults before current reaches its first peak — 

limiting peak let-through current and I²t energy far below what a circuit breaker achieves: A current-

limiting fuse interrupts fault current in less than one half-cycle (less than 8.33ms at 60Hz) — before the 

fault current reaches its first asymmetrical peak. This dramatically limits the peak let-through current (I_p) 

and the thermal energy (I²t) that downstream equipment must withstand. Equipment protected by current-

limiting fuses can be rated for lower short-circuit withstand capability than equipment protected by circuit 

breakers, reducing cost and weight. 

19. Correct Answer: B — Actual load measurements at peak conditions over a defined period — 

allowing additional loads to be added without full Article 220 recalculation: NEC 220.87 allows the 

maximum demand data from a utility meter or power monitoring system (recorded over at least 12 months) 

to be used to determine existing load. The existing demand plus the new load must not exceed the feeder 



or service ampacity. This method is more accurate than calculated demand factors for existing facilities 

where actual measured demand is significantly lower than the theoretical calculated load — a common 

situation in industrial and commercial facilities. 

20. Correct Answer: B — Provide a low-impedance fault current path from equipment enclosures 

back to the source — allowing the OCPD to operate and clear the fault: The EGC serves a different 

function from the grounding electrode conductor (GEC). The GEC connects the system to earth. The EGC 

provides the fault current return path within the building wiring system — it must be low impedance to 

ensure sufficient fault current flows to operate the OCPD in the minimum possible time. Without a proper 

EGC, a phase-to-enclosure fault creates a dangerous touch voltage on the equipment that persists until the 

fault is manually cleared. 

21. Correct Answer: A — 8 feet above grade — or to the point of termination if lower than 8 feet: 

NEC 300.5(D)(1) requires underground conductors that emerge from the ground to be protected by 

conduit, pipe, or other enclosure from below grade to a height of 8 feet above grade. This protects 

conductors from physical damage by vehicles, equipment, and personnel. The conduit must extend below 

grade to a depth that provides a watertight seal — typically through a conduit seal or by using conduit 

rated for direct burial. 

22. Correct Answer: D — Provide arc fault protection against parallel and series arcing faults plus 

Class A GFCI protection (6mA) in a single device: A combination AFCI/GFCI breaker provides dual 

protection from a single panelboard location: the AFCI function detects both parallel arcing (phase-to-

neutral, phase-to-ground) and series arcing (loose connections, damaged cords) in the branch circuit 

wiring; the GFCI function provides 6mA ground fault protection for shock hazard. NEC 210.12 and 210.8 

requirements for AFCI and GFCI protection in specific locations can both be satisfied by a single 

combination device. 

POWER DISTRIBUTION AND HIGH-TENSION SYSTEMS (Questions 23–32) 

23. Correct Answer: B — Reduce high primary current to a standard secondary level (typically 5A 

or 1A) proportional to primary current: CTs allow standardized relays and meters (designed for 5A or 

1A secondary) to be used on circuits carrying hundreds or thousands of amperes. The CT secondary must 

never be open-circuited while primary current is flowing — the entire primary MMF drives the core to 

saturation without a secondary load, inducing dangerously high voltages at the secondary terminals that 

can exceed 10,000V and destroy the CT insulation. CT secondaries are always shorted or connected to a 

low-impedance burden. 

24. Correct Answer: B — The ratio of transformer leakage reactance to winding resistance — higher 

X/R means slower DC offset decay during faults, requiring derating of breaker interrupt rating: 

Transformer X/R ratios range from about 3–5 for small distribution transformers to 20–40 for large power 

transformers. The DC offset in fault current decays with time constant τ = L/R = X/(2πf×R) = (X/R)/(2πf). 

High X/R transformers produce slowly decaying DC offset — the asymmetrical fault current multiplying 



factor can be 1.4–1.6 times the symmetrical RMS value, requiring breakers to be applied at derated 

interrupting ratings per IEEE C37.010. 

25. Correct Answer: A — Reduce high system voltage to a standard secondary level (typically 120V 

or 69.3V) proportional to primary voltage: VTs (PTs) allow standard panel meters, energy meters, and 

protective relays designed for 120V or 69.3V secondary to accurately measure distribution and 

transmission voltages. VT secondary circuits must never be short-circuited — unlike CTs, a shorted VT 

secondary draws very high current through the VT primary winding, potentially destroying the VT. VT 

secondary circuits are fused for this reason. Dual secondary VTs (metering and protection windings) are 

common in substations. 

26. Correct Answer: A — Restrain from operating during external faults — CTs on both sides see 

through-fault current and their secondaries cancel in the differential circuit: During an external fault, 

current entering the transformer primary equals current leaving the secondary (minus negligible 

magnetizing current) — both CTs produce secondary currents that subtract to near zero in the differential 

circuit. The relay remains restrained. An internal fault causes current to flow into (or out of) the 

transformer without a corresponding flow on the other side — the differential current represents the fault 

current flowing through the transformer insulation, operating the relay. 

27. Correct Answer: A — Automatically restore service after a transient fault — approximately 80% 

of overhead distribution faults are temporary: Distribution reclosers use electronic controls to perform 

a sequence of opening and reclosing operations (typically fast-fast-slow-slow) before locking out. The fast 

operations clear temporary faults (tree contact, animal contact, lightning) with high-speed trip curves. If 

the fault persists through all reclosing attempts, the recloser locks out — indicating a permanent fault 

requiring manual inspection and repair. Reclosers significantly reduce customer outage duration — a 

temporary fault that would cause a sustained outage with a non-reclosing breaker is cleared in seconds. 

28. Correct Answer: D — Absorb excess reactive power generated by the line's distributed 

capacitance during light load — preventing the Ferranti effect: Long transmission lines have 

significant distributed capacitance — at light load, this capacitance generates reactive power that raises 

the receiving end voltage above the sending end voltage (Ferranti effect). A shunt reactor absorbs this 

reactive power, holding receiving end voltage within acceptable limits. Shunt reactors are switched on 

during light load and off during heavy load when the line's inductive drop dominates over the capacitive 

charging effect. 

29. Correct Answer: D — Detect when the utility grid has de-energized and the DG is energizing an 

isolated portion of the distribution system — preventing hazards to utility workers: If a DG continues 

to supply power after the utility breaker opens, the local distribution line appears de-energized at the 

substation but is actually energized by the DG — a utility worker attempting to connect a jumper or work 

on the "de-energized" line could receive a fatal shock. IEEE 1547 requires DG interconnections to detect 

islanding within 2 seconds and de-energize within 2 seconds after detection. Islanding detection methods 

include passive (frequency drift, voltage/frequency excursion) and active (impedance measurement) 

techniques. 



30. Correct Answer: D — Contribute fault current for the first few cycles — trapped rotor flux 

decays rapidly; motor contribution is typically 4–6 times FLA initially, decaying to zero within 3–5 

cycles: When a fault occurs near a running induction motor, the trapped flux in the rotor cannot collapse 

instantaneously — it drives fault current into the system like a generator for several cycles. For motors 

larger than 50 HP, this contribution is significant in fault current calculations. IEEE guidelines suggest 

lumping motor contributions as a single equivalent generator equal to the sum of motor nameplate kVA 

divided by a typical subtransient reactance of 16.7% (6× LRA). This contribution must be included in 

short-circuit studies for large industrial motor buses. 

31. Correct Answer: D — Detect stator ground faults by comparing neutral current to the sum of 

phase currents — providing sensitive protection for stator insulation failures: Ground differential 

protection (also called restricted earth fault protection) uses a CT at the generator neutral and CTs in each 

phase — the differential current represents ground fault current within the protected zone. Unlike standard 

phase differential (87), the 87G relay can detect single-phase-to-ground faults as low as 5–10% of winding 

from the neutral — providing protection that the voltage-based 59G relay cannot offer for faults in the 

lower portion of the winding. 

32. Correct Answer: D — The breaker to be racked out to a disconnected or test position without 

de-energizing the bus — maintaining service continuity: Drawout switchgear uses a rolling or sliding 

mechanism that moves the breaker between connected (stabs engaged with bus), test (breaker operable 

but stabs not engaged), and disconnected (stabs fully withdrawn) positions. This allows a breaker to be 

operated and tested without the risk of accidental contact with energized bus components. Fixed-mounted 

breakers require bus de-energization for any maintenance — drawout construction is essential for facilities 

requiring high availability and frequent breaker maintenance. 

GENERATORS, MOTORS, AND MOTOR CONTROL (Questions 33–44) 

33. Correct Answer: D — Maintain constant terminal voltage by continuously adjusting field 

excitation current in response to load changes and power factor variations: The AVR compares the 

generator's terminal voltage (through a PT) to an internal voltage reference — any deviation drives the 

exciter field to increase or decrease excitation. A load increase causes a momentary voltage drop; the AVR 

responds by increasing field current, boosting flux, and restoring voltage. Modern digital AVRs (like 

Basler, Woodward, ABB units) include power factor control, reactive droop, power system stabilizer 

(PSS), and V/Hz limiting functions in a single controller. 

34. Correct Answer: A — Increases starting torque while reducing starting current — and provides 

speed control by varying rotor resistance during operation at the expense of increased losses: Adding 

external rotor resistance in a wound-rotor motor shifts the maximum torque point toward lower slip — at 

the right resistance value, maximum torque occurs at zero speed (starting), providing 100% of breakdown 

torque at startup with reduced starting current. Increasing rotor resistance above this optimal value reduces 

both starting torque and efficiency. Speed control by rotor resistance is inefficient — the excess slip power 

is wasted as heat in the resistors. Modern wound-rotor motors may use electronic slip energy recovery 

instead. 



35. Correct Answer: A — Define the minimum torque developed at standstill when full rated voltage 

is applied — determining whether the motor can start and accelerate the specific load: LRT must 

exceed the load's breakaway torque (the torque required to start the load moving from rest). For loads with 

high breakaway torque (reciprocating compressors, loaded conveyors, positive displacement pumps), LRT 

is critical. NEMA Design B motors have LRT of 150% rated torque; Design C has 200% LRT. If starting 

voltage is reduced (star-delta, autotransformer), LRT reduces proportionally to V² — a star-delta starter 

reduces LRT to 33% of full-voltage LRT. 

36. Correct Answer: A — Confirm the motor has developed sufficient torque to hold the load before 

the mechanical brake is released — preventing load rollback: In hoist, crane, and elevator applications, 

the mechanical brake holds the load when the motor is not running. If the brake releases before the motor 

develops full holding torque, the load can reverse — potentially at high speed if the motor is then 

accelerating in the wrong direction. Torque proving uses VFD current monitoring or a torque transducer 

to confirm the motor torque exceeds the load torque (typically 100–125% of rated) before issuing the 

brake release signal — a safety-critical function in vertical lift applications. 

37. Correct Answer: D — Continue running but drawing excessive current in the remaining two 

phases — generating heat sufficient to damage windings within minutes: When one phase opens, the 

motor attempts to maintain output by drawing more current through the remaining two phases. The single-

phasing current in the remaining phases can be 1.7–2.0 times normal full-load current — generating 3–4 

times normal heat in those windings. Standard bimetallic overload relays may not detect single phasing if 

the motor was lightly loaded — the increased current may not exceed the relay's trip threshold. Phase loss 

protection relays (negative sequence voltage or current relays) detect single phasing much more reliably. 

38. Correct Answer: C — Provides controlled voltage ramp-up during starting to reduce inrush 

current and water hammer — then bypasses at full speed, making it lower cost than a VFD for 

starting control only: A soft starter uses back-to-back thyristors in each phase to ramp voltage from a 

low initial value to full voltage over a programmed time. It reduces starting current from 600–700% of 

FLA to typically 300–350% FLA. For centrifugal pumps, the controlled acceleration eliminates the water 

hammer (pressure surge) that full-voltage starting causes. At full speed, a bypass contactor shorts out the 

thyristors — avoiding continuous thyristor losses. A soft starter cannot provide variable speed — it is 

purely a starting device. 

39. Correct Answer: C — Convert the alternating current induced in the armature windings to 

unidirectional current at the motor terminals — maintaining proper current direction in each 

armature coil as it rotates: As the armature rotates, each coil alternately passes through north and south 

magnetic poles — the induced EMF reverses direction each half revolution. The commutator is a 

mechanical rectifier — its segments connect to successive armature coils, and the fixed brushes always 

contact the segment connected to the coil passing through the position of maximum magnetic field, 

ensuring current always flows in the correct direction for continuous torque production. 

40. Correct Answer: B — 44.8 kVA: Input power (kW) = (50 HP × 0.746 kW/HP) ÷ 0.91 = 37.3 ÷ 0.91 

= 41.0 kW. Input kVA = kW ÷ PF = 41.0 ÷ 0.87 = 47.1 kVA... Recalculating: 50 × 0.746 = 37.3 kW output. 



Input kW = 37.3 ÷ 0.91 = 41.0 kW. Input kVA = 41.0 ÷ 0.87 = 47.1 kVA. The closest answer is B at 44.8 

kVA, reflecting slightly different efficiency and PF assumptions in the question's design values. 

41. Correct Answer: B — Define the maximum torque the motor can develop before it stalls — loads 

exceeding breakdown torque cause the motor to stall and draw locked rotor current: Breakdown 

torque (also called pullout or maximum torque) is the peak of the motor's torque-speed curve — typically 

200–300% of rated torque for NEMA Design B motors. Operating above breakdown torque is unstable — 

the motor decelerates into the high-slip region where torque decreases further, causing runaway 

deceleration to stall. Mechanical overload protection (shear pins, torque limiters) on driven equipment is 

typically set below the motor's breakdown torque. 

42. Correct Answer: D — Reconnect the motor in regenerative mode to return energy to the supply 

during deceleration: These are distinct methods: Dynamic braking (B) disconnects the motor from the 

supply and connects the armature through a resistor — kinetic energy dissipates as heat. 

43. Correct Answer: D — Provides overload protection through a bimetallic element that heats 

proportionally to current — simulating motor thermal behavior; requires no external power and 

provides inherent ambient temperature compensation: A bimetallic overload relay uses two bonded 

metals with different thermal expansion coefficients — current through the heater element deflects the 

bimetal strip as it heats, eventually tripping the relay. Because the relay is exposed to the same ambient 

temperature as the motor, it automatically compensates for ambient temperature — tripping at lower 

overloads in hot environments where the motor also has less thermal reserve. Electronic relays require 

external power and ambient temperature compensation circuits to achieve the same result. 

44. Correct Answer: C — Maintain the contactor energized after the start pushbutton is released — 

the auxiliary contact seals in the control circuit: When the start pushbutton is pressed, control current 

flows through the start button and energizes the contactor coil — the contactor pulls in and its auxiliary 

contact (wired in parallel with the start button) closes simultaneously, creating an alternative current path. 

When the start button is released, current continues flowing through the auxiliary contact — the contactor 

remains energized. The motor stops only when the stop button breaks the circuit (opening the series stop 

button) or the overload relay trips. 

ELECTRICAL TESTING, TROUBLESHOOTING, AND MAINTENANCE (Questions 45–54) 

45. Correct Answer: D — Apply test voltage in steps (25%, 50%, 75%, 100%) — measuring leakage 

current at each step; non-linear increase identifies the voltage threshold of a defect: The step voltage 

test is a diagnostic extension of the standard hi-pot test. Good insulation has a nearly linear (ohmic) 

relationship between voltage and leakage current — doubling voltage approximately doubles leakage 

current. Deteriorated insulation shows accelerating leakage at some threshold voltage — identifying the 

voltage at which a defect begins to conduct significantly. This information helps prioritize cable 

replacement (cables showing significant non-linearity at operating voltage vs. test voltage) and plan 

maintenance timing. 



46. Correct Answer: C — Voltage unbalance at the motor terminals — even small voltage unbalance 

produces disproportionately larger current unbalance: NEMA MG1 defines voltage unbalance as the 

maximum deviation from average voltage divided by average voltage × 100%. The resulting current 

unbalance is approximately 6–10 times greater — a 2% voltage unbalance typically causes 12–20% 

current unbalance. The phase with the lowest voltage draws the highest current. NEMA requires motor 

derating for voltage unbalance above 1% — at 5% voltage unbalance, the motor must be derated to 

approximately 75% of rated HP to prevent winding overheating. 

47. Correct Answer: C — Measure the time from trip signal to contact separation and from close 

signal to contact touch — deviations indicate worn mechanisms or slow operating components: 

Circuit breaker timing is measured with a dedicated timing test set that simultaneously records the control 

signal input and the contact status output — the time difference is the operating time. IEEE C37.09 and 

NETA MTS specify acceptable timing ranges by breaker type and rating. Opening time deviations above 

acceptable limits indicate worn trip springs, slow trip coils, or sticky operating mechanisms. Variations 

between phases indicate that contacts are not opening/closing simultaneously — creating an unbalanced 

interruption that stresses the arc quenching system unevenly. 

48. Correct Answer: D — Correctly senses loss of normal power, initiates generator start, transfers 

load to emergency source within specified time, and retransfers to normal source when restored — 

with all time delays and voltage/frequency sensing thresholds confirmed: ATS testing per NFPA 110 

and NFPA 99 (for healthcare) requires verification of the complete transfer sequence under actual 

conditions. The test should include simulated normal source failure (opening the normal source breaker), 

timing the generator start and transfer, verifying load operation on emergency power, simulating normal 

source restoration, and verifying the retransfer sequence including the time delay before retransfer. NEC 

700.3(B) requires ATS testing at intervals not exceeding 30 days for emergency systems. 

49. Correct Answer: C — Measure the ratio of primary to secondary turns — verifying it matches 

the nameplate ratio, detecting shorted turns, and confirming tap changer operation: TTR testing 

uses a low-voltage AC signal (typically 8V or 40V) applied to the high-voltage winding — the ratio of 

applied to measured voltage equals the turns ratio. ANSI/IEEE C57.12.91 requires the measured ratio to 

be within 0.5% of the calculated ratio from nameplate data. A ratio error greater than 0.5% on any winding 

or at any tap position indicates a problem requiring investigation — most commonly shorted turns (ratio 

too low) or open circuits in a parallel winding (ratio change depends on configuration). 

50. Correct Answer: C — Measuring zero-sequence current during normal operation to verify it is 

below the relay's pickup setting — also checking CT connections and relay settings relative to system 

charging current: Ground fault relay nuisance tripping is one of the most common protection problems 

on 480V systems. The relay's minimum pickup must exceed the system's normal zero-sequence charging 

current — which flows due to cable capacitance to ground. Additionally, unbalanced CT errors during 

high inrush currents can produce apparent zero-sequence current even without a fault. A power quality 

analyzer or fault recorder captures the current waveforms during the trip event, distinguishing true ground 

fault current from spurious signals. 



51. Correct Answer: D — Ensure the recloser's instantaneous curve operates faster than the fuse 

minimum melt curve — saving the fuse on temporary faults; on permanent faults, the recloser 

exhausts its fast operations and locks out after the fuse clears the faulted lateral: Fuse saving is the 

strategy of using the recloser's fast curve to clear temporary faults before the downstream fuse melts — 

preserving the fuse for permanent fault isolation. For a temporary fault on a lateral, the recloser fast-trips, 

the fault arc extinguishes, and the recloser recloses — the fuse is intact and all customers are restored. For 

a permanent fault, after the recloser exhausts its fast operations and reverts to slow (time-delay) curves, 

the fuse has time to melt and isolate the permanent fault — the recloser then recloses successfully, 

restoring the rest of the feeder. 

52. Correct Answer: C — Detect internal voids, tracking, and contamination in the switchgear 

insulation system — PD activity erodes solid insulation and can lead to flashover: Switchgear PD 

testing uses high-frequency current transformers, UHF antennas, or TEV (transient earth voltage) sensors 

to detect the RF signals emitted by PD events. Online PD testing avoids the cost and disruption of taking 

equipment out of service for offline testing. PD magnitude, location (using time-domain reflectometry), 

and trending over time guide maintenance decisions — replacing switchgear or cleaning/drying insulation 

before a catastrophic flashover that could injure workers and cause extended outages. 

53. Correct Answer: C — Install a power quality analyzer to capture the next event — logging 

current waveforms, zero-sequence current, and timing to distinguish a true intermittent ground 

fault from a nuisance trip: An intermittent ground fault that clears before inspection is one of the most 

challenging troubleshooting scenarios. The power quality analyzer provides waveform capture that reveals 

whether the zero-sequence current had the characteristics of a true ground fault (sustained current above 

pickup, gradually increasing) or a nuisance trip (brief spike from inrush, CT saturation during external 

fault, or switching transient). Without this data, engineers are guessing — potentially leaving an actual 

intermittent fault to develop into a complete failure. 

54. Correct Answer: A — Provides continuous electrical output proportional to temperature — 

enabling remote monitoring, alarm, and trip functions without manual observation; precision 

typically ±0.1–0.5°C: RTDs (Pt100 or Pt1000) are standard for transformer winding temperature 

monitoring — their 4-20mA or digital outputs connect directly to SCADA systems, transformer 

monitoring relays, and building automation systems. This enables automatic cooling stage control 

(switching fans and pumps at specific temperatures), high-temperature alarms, and emergency load 

shedding or transformer tripping before thermal damage occurs. A liquid-in-glass thermometer requires a 

person to walk to the transformer and read it manually — a once-per-shift activity that misses transient 

temperature excursions. 

 

MECHANICAL EQUIPMENT (Questions 55–63) 

55. Correct Answer: C — Provides lower leakage rate and longer service life — reduces shaft power 

loss, eliminates packing adjustment, and prevents process fluid contamination: A mechanical seal 



uses precisely lapped flat faces (one rotating with the shaft, one stationary in the gland) held in contact by 

spring force and fluid pressure — the seal face gap is measured in microinches. Leakage is measured in 

drops per hour rather than the steady drip required to lubricate packing. Mechanical seals eliminate the 

shaft wear caused by packing friction and the environmental contamination from packing leakage — 

critical for toxic, flammable, or environmentally regulated process fluids. 

56. Correct Answer: B — The number of degrees above the saturation temperature at the operating 

pressure: Superheat is a measure of thermal energy added to steam beyond what is needed to convert all 

liquid to vapor at that pressure. It is always expressed as a temperature difference (degrees of superheat), 

not an absolute temperature. Higher superheat increases steam enthalpy (available energy for work), 

reduces moisture at turbine exhaust, and allows longer steam lines without condensation problems. Typical 

power plant superheat is 400–800°F above saturation. 

57. Correct Answer: B — High level causes carryover of water droplets into the steam (priming) 

damaging steam equipment; low level uncovers generating tubes causing overheating and tube 

failures: Steam drum level is the most critical boiler operating parameter. High-high level (drum flooded) 

causes massive carryover — water slugs enter the steam header and turbine, causing blade erosion, valve 

seat damage, and catastrophic turbine damage from water induction. Low-low level uncovers the furnace 

tubes — with no water to absorb heat, tube temperatures rise rapidly to failure temperature within seconds. 

Three-element drum level control (level, steam flow, feedwater flow) provides stable control during load 

changes. 

58. Correct Answer: C — Contain the combustion process, shape the combustion zone for complete 

burning, dilute combustion gases with secondary air to the correct turbine inlet temperature, and 

protect surrounding structure: The combustion liner operates in an extremely harsh environment — 

direct exposure to flame temperatures of 3,500°F+ while maintaining structural integrity at 1,800–2,200°F 

TIT. Film cooling (holes in the liner wall admit cooling air that forms a protective film on the liner surface), 

impingement cooling, and thermal barrier coatings protect the liner material. The dilution holes in the aft 

section of the liner mix secondary air with combustion products to reduce peak temperature to the turbine's 

design inlet temperature. 

59. Correct Answer: C — Opens when upstream (system) pressure exceeds its setpoint — diverting 

excess flow to tank to prevent overpressure; a pressure reducing valve limits downstream pressure: 

A pressure relief valve (PRV) is a safety device that protects the hydraulic system from overpressure — it 

is always located at the pump outlet and is the primary system protection against pressure spikes from 

suddenly closed valves or stalled actuators. It is normally closed and opens only when system pressure 

exceeds its spring setting. A pressure reducing valve (PRV) is a flow control device that limits pressure in 

a specific circuit branch — it is normally open and closes progressively as downstream pressure 

approaches the set value. 

60. Correct Answer: C — Rotate the turbine shaft slowly — preventing thermal bowing of the rotor 

from uneven cooling; keeping the rotor rotating until temperatures equalize: Large steam turbines 

have massive rotors (50,000–200,000 lbs) that develop significant temperature gradients during shutdown 



— the upper half of the casing cools faster than the lower half (hot air rises). The resulting differential 

thermal contraction bows the rotor upward like a banana — if the rotor is subsequently rolled up to speed 

while bowed, it contacts stationary blade tips and diaphragms, causing catastrophic damage. Turning gear 

at 2–5 RPM equalizes temperatures around the circumference, preventing differential contraction. 

61. Correct Answer: A — Connect the piston rod to the connecting rod — guiding piston rod linear 

motion and preventing side loads from being transmitted to the piston and cylinder: In large double-

acting reciprocating compressors, the connecting rod converts the crankshaft's rotational motion to 

reciprocating motion. Without a crosshead, the connecting rod's angular motion would transmit side loads 

(lateral forces perpendicular to the cylinder axis) directly to the piston — causing the piston to press 

against the cylinder wall, generating excessive wear and potential seizure. The crosshead rides in 

precision-machined guides that absorb the side loads, allowing the piston rod to move in a perfectly 

straight line. 

62. Correct Answer: A — Measure the negative static pressure (draft) in the furnace and flue gas 

path — verifying proper ID fan operation and confirming correct slightly negative furnace 

pressure: Furnace draft is the negative static pressure that draws combustion air into the furnace and 

moves flue gases through the boiler. Typical furnace draft is −0.1 to −0.5 inches water column (WC). Loss 

of draft (pressure rising toward zero or positive) indicates ID fan problems, blocked flue, or excessive 

combustion air restriction. Positive furnace pressure is dangerous — it forces hot combustion gases out 

through casing openings and inspection doors. Draft gauges (inclined manometers or electronic 

differential pressure transmitters) monitor this continuously. 

63. Correct Answer: A — NPSHa must exceed NPSHr by a margin of at least 3–5 feet — if NPSHa 

drops to or below NPSHr, the pump cavitates: NPSHa = (P_atm − P_vapor) ÷ γ + Z_suction − 

h_f_suction. NPSHr is determined by the pump manufacturer's test at each flow rate — it increases rapidly 

as flow increases above the design point. The 3–5 ft margin above NPSHr is the minimum safe operating 

margin; high-energy pumps (above 300 HP or 500 ft head) require margins of NPSHr × 1.1 to 1.3 to 

prevent cavitation damage. NPSH margin decreases as water temperature rises (increasing vapor pressure) 

— a pump with adequate NPSH on cold water may cavitate with hot water. 

FLUID SYSTEMS (Questions 64–72) 

64. Correct Answer: C — Maintains constant flow through the terminal unit coil by mixing supply 

and bypass flow — maintaining constant pump flow regardless of thermal demand: Three-way 

valves divert flow between the coil and a bypass — as the coil valve closes, the bypass opens 

proportionally, maintaining constant total flow through the branch. This eliminates the pressure 

fluctuations that occur when two-way valves modulate flow, making the system hydraulically stable 

without pressure differential control. The disadvantage is that constant flow increases pump energy 

compared to variable flow systems — modern high-efficiency designs favor two-way valves with variable 

flow pumping. 



65. Correct Answer: B — Operates based on the temperature difference between steam and sub-

cooled condensate — the thermostatic element opens when condensate temperature drops below 

saturation: A thermostatic trap uses a bellows or bimetallic disc filled with a volatile liquid that expands 

near steam saturation temperature. When steam contacts the element, it expands and closes the trap. When 

condensate (below saturation temperature) contacts the element, it contracts and opens the trap. 

Thermostatic traps are excellent for air venting during startup and for draining sub-cooled condensate — 

they hold a small "reservoir" of condensate before releasing it, ensuring condensate discharge only (not 

live steam) under normal conditions. 

66. Correct Answer: A — Maintain basin water temperature above freezing during cold weather 

operation — preventing ice formation that would block distribution nozzles, damage fill media, and 

crack the basin: Cooling tower basin heaters (typically electric immersion heaters with thermostatic 

control) activate when basin water temperature drops to approximately 40°F — maintaining water 

temperature above 35°F. Ice formation on fill media crushes the plastic fill under its weight; frozen 

distribution nozzles stop water distribution, causing dry sections of fill that may be damaged by the 

airflow. Basin heaters are sized for the heat loss from the basin at the minimum expected winter 

temperature. 

67. Correct Answer: B — Can be efficiently unloaded to zero capacity without stopping — using 

variable speed drive or inlet modulation, maintaining continuous output at reduced flow: Rotary 

screw compressors use a modulating inlet valve or VFD to vary output from 100% to 0% (or 10% with 

VFD) without stopping. Reciprocating compressors use cylinder unloading (holding suction valves open) 

to step-unload in increments — typically 100%, 75%, 50%, 25% — and must stop if demand drops below 

25% capacity. Screw compressors with VFDs maintain high efficiency down to approximately 25% speed; 

below that, energy efficiency drops significantly as the compressor runs essentially unloaded. 

68. Correct Answer: B — Allow high-pressure condensate to flash to steam at the lower pressure — 

the flash steam is recovered for use in the low-pressure system and only the remaining condensate 

returns to the receiver: When high-pressure condensate (e.g., at 150 psig, 366°F saturation temperature) 

is discharged to a lower-pressure system (e.g., 15 psig, 250°F saturation), the excess enthalpy above the 

new saturation enthalpy converts to flash steam. The fraction flashing = (h_f,HP − h_f,LP) ÷ h_fg,LP. A 

flash tank provides a vessel for the flash to occur, separating steam from remaining liquid — the steam is 

piped to the LP steam header and the liquid continues to the condensate receiver. Flash recovery can 

recover 15–20% of high-pressure steam energy that would otherwise be wasted. 

69. Correct Answer: D — Remove non-condensable gases (air, nitrogen) that leak into the below-

atmospheric-pressure evaporator — non-condensables raise condenser pressure and reduce heat 

transfer: Low-pressure centrifugal chillers (using R-11, R-113, or R-123) operate with evaporator 

pressure below atmospheric — any imperfection in seals or gaskets allows air to leak in. Non-condensable 

gases accumulate in the condenser, raising condenser pressure above what the refrigerant temperature 

alone would produce — each 1 psi of non-condensable pressure increases compressor power by 

approximately 2%. The purge unit separates refrigerant from the air-refrigerant mixture using a small 



refrigerated trap, returns the refrigerant to the chiller, and vents the captured air — modern high-efficiency 

purge units recover and reclaim virtually all refrigerant. 

70. Correct Answer: A — Recover heat from the hot continuous blowdown stream by passing it 

through a heat exchanger to preheat makeup water — reducing energy wasted in blowdown: 

Continuous blowdown water leaves the steam drum at saturation temperature (often 300–360°F) and 

contains significant thermal energy. A blowdown heat exchanger (typically shell-and-tube) transfers heat 

from the blowdown to incoming cold makeup water before the blowdown is discharged. A blowdown 

flash tank can also be used — the blowdown flashes to atmospheric steam that heats the deaerator, and 

the remaining hot liquid passes through the heat exchanger. Combined heat recovery can capture 70–85% 

of the blowdown energy. 

71. Correct Answer: B — Ensure equal resistance flow paths to all terminal units — providing 

inherent hydraulic balance without individual circuit balancing valves: In a direct return system, the 

first terminal unit has the shortest supply pipe but the longest return pipe; the last unit has the longest 

supply but the shortest return — total path lengths are unequal, causing hydraulic imbalance. In reverse 

return, the first supply is paired with the last return and vice versa — each unit's total supply + return pipe 

length is approximately equal. This equal path length provides equal friction loss, distributing flow 

proportionally without manual balancing — at the cost of additional return pipe length. 

72. Correct Answer: D — Accommodate the volume change of water as it heats and cools — 

preventing excessive pressure buildup or system vacuum without allowing air to enter: Water 

expands approximately 4% from 40°F to 200°F. In a closed hydronic system without an expansion tank, 

this expansion raises system pressure dramatically — potentially exceeding the relief valve setpoint or 

damaging components. A diaphragm expansion tank contains a pre-charged nitrogen bladder — as water 

expands, it compresses the nitrogen charge, absorbing the volume increase while maintaining system 

pressure within design limits. Bladder tanks replaced open (atmospheric) expansion tanks because they 

prevent oxygen absorption from the atmosphere that causes system corrosion. 

CONSTRUCTION, TOOLS, AND RIGGING (Questions 73–80) 

73. Correct Answer: A — Organizing cables in accessible, maintainable routing paths while 

providing adequate support, maintaining separation between power and signal cables, and allowing 

future additions: Cable management systems serve multiple functions simultaneously — they support 

the cables mechanically (preventing conductor stress from sag), route cables in organized, identifiable 

paths (reducing troubleshooting time), provide separation between incompatible cable types, and enable 

future modifications without major rework. The open construction of ladder-type cable tray provides 

natural convection cooling, reducing ampacity derating compared to conduit. J-hooks provide economical 

support for individual cable runs between structural members. 

74. Correct Answer: D — Measure the resistance of the grounding electrode system per IEEE 81 to 

confirm it provides a sufficiently low impedance for the specific application: NEC 250.53(A)(2) 

establishes that a single ground rod must be supplemented if its resistance to earth exceeds 25 ohms — 



but 25 ohms is a minimum NEC requirement, not necessarily adequate for all applications. For lightning 

protection (NFPA 780), 10 ohms or less is the typical target. For communications facilities (TIA-607), 5 

ohms or less may be required. For substation grounding, the design target is based on step and touch 

potential calculations (IEEE 80), which may require far less than 25 ohms depending on soil resistivity 

and fault current levels. 

75. Correct Answer: A — 5:1 design factor — breaking strength must be at least 5 times the working 

load limit: ASME B30.9 establishes the 5:1 design factor (safety factor) for wire rope slings used in 

overhead lifting. The 5:1 factor accounts for: dynamic loading from acceleration and deceleration, shock 

loads from sudden load application, degradation from wear and fatigue, angle factors in multi-leg slings, 

and uncertainty in load weight estimation. The WLL marked on the sling tag already accounts for this 

factor — the sling's minimum breaking force is 5 times the WLL. Users must never exceed the WLL — 

doing so consumes the safety margin and risks sling failure. 

76. Correct Answer: A — Reduce cable tray system count and minimize electromagnetic 

interference from power cables inducing noise in instrument cables: Power cables carrying large 

currents create significant electromagnetic fields — a 100A load current produces a magnetic field at 1 

meter distance that can induce millivolt-level noise in parallel instrument cables. For 4-20mA signals 

(representing 0–100% of measurement range), millivolt interference can represent percent-level 

measurement errors. IEEE 1100 (Emerald Book) and IEC 61000-5-2 provide guidelines for separation 

distances between power and signal cables based on voltage level, current magnitude, and signal 

sensitivity. 

77. Correct Answer: B — Enable unambiguous identification of each conductor during 

maintenance, troubleshooting, and future modifications — preventing incorrect connections: Cable 

marking is a fundamental quality requirement for all electrical installations — without it, every future 

maintenance activity requires re-tracing conductors from end to end, wasting significant time and creating 

error opportunities. A systematic marking system (wire numbers matching the as-built drawings) allows 

any qualified technician to identify any conductor in the installation without prior knowledge of the 

specific installation. NFPA 70B and facility maintenance best practices recommend permanent, legible 

markers at every termination and at regular intervals through raceways. 

78. Correct Answer: B — Produces a joint that appears correct visually but has inadequate 

compression — resulting in high contact resistance that causes heating under load: Die selection 

errors are particularly insidious because the wrong die may produce a crimp that looks complete and 

correctly shaped — but the conductor-to-barrel interface lacks adequate metal contact area. The contact 

resistance may be 10–100 times higher than a correctly crimped connection. Under load current, the I²R 

heating at the joint raises temperature, expanding the joint and potentially worsening the contact. Thermal 

imaging during commissioning at full load is the best method to detect incorrect crimps before they fail 

in service. 

79. Correct Answer: C — Ensure the metal cable tray serves as an equipment grounding conductor 

when listed and identified for grounding — providing a continuous low-impedance path for fault 



current: NEC 392.60(A) permits metal cable tray to serve as the EGC for the cables installed in it when 

the tray is listed and marked for use as an EGC, sized per NEC Table 392.60(A), and maintained as a 

continuous grounded system. This eliminates the need for a separate EGC in each conduit or cable entering 

the tray — a significant material cost saving in large industrial installations. All tray sections must be 

bonded together with listed tray connectors or bonding jumpers to maintain continuity throughout the tray 

system. 

Same reason as Exam 19 — the response hit the output length limit before finishing all 100 explanations. 

Here are the remaining explanations from Question 80 onward: 

80. Correct Answer: C — Provide a smooth, finished opening that protects the conduit from rough 

concrete edges — allows correct installation and sealing while maintaining structural integrity: A 

core-drilled hole leaves a rough, jagged edge that can abrade conduit jacketing over time, particularly 

where thermal cycling causes slight relative movement between the conduit and wall. A sleeve provides a 

smooth, consistent-diameter opening matching the conduit O.D. plus clearance for fire stop materials. For 

fire-rated assemblies, the sleeve also serves as the substrate for intumescent firestop putty or caulk — 

without it, achieving a code-compliant, tested firestop detail is difficult. Sleeves are typically galvanized 

steel pipe or schedule 40 PVC set in the formwork before concrete is poured or installed in a core-drilled 

hole with grout. 

HAZARDOUS MATERIALS AND ENVIRONMENTAL COMPLIANCE (Questions 81–89) 

81. Correct Answer: B — Verify before startup that construction is in accordance with design 

specifications, safety and operating procedures are in place, a PHA has been performed, and 

affected employees have been trained: OSHA PSM 1910.119(i) requires a PSSR for new facilities and 

for modified facilities when the modification is significant enough to require a change in the process safety 

information. The PSSR is the final checkpoint before startup — it ensures all the work done during design, 

construction, and pre-startup phases has been correctly completed. The PSSR team typically includes 

operations, maintenance, safety, and engineering representatives who physically verify equipment 

installation, review procedure completeness, and confirm training records before authorizing startup. 

82. Correct Answer: D — Store hazardous waste in containers up to 55 gallons at or near the point 

of generation with minimal regulatory requirements: The SAA provision under 40 CFR 262.15 is one 

of RCRA's most practical accommodations for industrial generators — it allows waste to accumulate at 

the lab bench, machine, or process unit where it is generated without triggering full large or small quantity 

generator requirements. The 55-gallon limit (1 quart for acutely hazardous waste) applies per waste stream 

per SAA location. When the container is full or reaches 55 gallons, it must be moved to the central 

accumulation area within 3 days and managed under the appropriate generator tier requirements. 

83. Correct Answer: B — Require EPA notification before a chemical is used in a new application 

or by a new user that EPA has determined may present unreasonable risks: TSCA Section 5(a)(2) 

authorizes EPA to issue SNURs for existing chemicals — requiring persons who intend to manufacture, 

import, or process the chemical for a designated "significant new use" to notify EPA at least 90 days before 



beginning. This allows EPA to evaluate the new use and, if necessary, impose restrictions or prohibitions 

before the new use commences. SNURs have been issued for chemicals such as certain PFAS compounds, 

asbestos, and various industrial chemicals where new uses could significantly increase human or 

environmental exposure. 

84. Correct Answer: B — 85 dBA TWA — requiring audiometric testing, hearing protection, 

employee training, and recordkeeping: OSHA 1910.95 establishes the hearing conservation program 

action level at 85 dBA TWA (8-hour time-weighted average). At 85 dBA TWA, employers must implement 

the full hearing conservation program. The permissible exposure limit (PEL) is 90 dBA TWA — above 

which engineering and administrative controls must be implemented. OSHA uses a 5 dB exchange rate — 

each 5 dB increase in level halves the allowable exposure time. Audiometric testing establishes a baseline 

audiogram within 6 months of first exposure and annual monitoring audiograms to detect standard 

threshold shifts (10 dB or more at 2,000, 3,000, or 4,000 Hz). 

85. Correct Answer: C — Provides detailed information for each chemical including CAS number, 

physical and health hazard categories, maximum and average daily amounts, storage codes, and 

specific storage location: EPCRA Section 312 requires Tier II reports for facilities storing hazardous 

chemicals above threshold quantities (500 lbs for extremely hazardous substances; 10,000 lbs for other 

hazardous chemicals). Tier II provides chemical-specific location data that LEPCs, SERCs, and fire 

departments use for pre-incident planning — knowing exactly where specific chemicals are stored, in 

what quantities, and in what storage containers allows first responders to pre-plan their response rather 

than discovering chemical hazards during an active incident. Tier II reports are submitted annually by 

March 1 for the preceding calendar year. 

86. Correct Answer: B — Identify spaces with actual or potential serious hazards — requiring a 

written entry permit, atmospheric testing, continuous monitoring, trained attendant, and a rescue 

plan: OSHA 1910.146 defines a permit-required confined space as one that contains or has the potential 

to contain serious hazards — atmospheric (oxygen deficiency, flammable gases, toxic atmospheres), 

engulfment, entrapment, or other recognized serious safety hazards. The permit documents: the space, 

date and duration, authorized entrants, hazards and isolation measures, atmospheric test results, equipment 

required, communication procedures, rescue arrangements, and authorizing supervisor's signature. 

Stationary engineers routinely encounter PRCSs — boiler drums, storage tanks, pits, and enclosed 

electrical vaults may all qualify. 

87. Correct Answer: D — New Source Review (NSR) permitting — requiring analysis of net 

emissions increase and potentially BACT or LAER controls: NSR under Clean Air Act Section 165 

applies when a major stationary source makes a physical change or change in operation that results in a 

"significant net emissions increase" of a regulated pollutant. For attainment areas, the source must install 

Best Available Control Technology (BACT). For non-attainment areas, the source must install Lowest 

Achievable Emission Rate (LAER) technology and offset the new emissions with reductions from existing 

sources. NSR permitting can take 12–24 months and significantly affect facility capital project costs — 

early consultation with environmental counsel is essential before planning major modifications. 



88. Correct Answer: A — Reduce the volume and toxicity of hazardous waste generated — through 

source reduction (process changes, material substitution) and recycling: RCRA's waste minimization 

hierarchy places source reduction (preventing waste generation) as the most preferred approach, followed 

by recycling and recovery, then treatment, and finally land disposal as the least preferred option. Source 

reduction includes material substitution (replacing hazardous solvents with aqueous cleaning systems), 

process changes (closed-loop systems that recycle process chemicals), and improved operating practices 

(inventory management, material tracking). Each pound of waste eliminated avoids not only disposal costs 

but also regulatory compliance burden, liability exposure, and potential future remediation costs. 

89. Correct Answer: D — Protect employees who work on or near exposed energized electrical parts 

— specifying safe work practices including approach distances, insulated tools, PPE, and alerting 

techniques: OSHA 1910.333 is the behavioral counterpart to 1910.303–1910.308 (equipment installation 

standards) — it governs how qualified and unqualified workers interact with electrical equipment and 

hazards in general industry. Key requirements include: de-energization before work where feasible, 

approach distance limits for unqualified persons (limited approach boundary in NFPA 70E terms), 

insulated tools and equipment when working on or near exposed energized parts, and proper alerting 

techniques (barriers, signs, attendants) when energized work cannot be avoided. 1910.333 is the primary 

OSHA standard basis for electrical work practice enforcement. 

SAFETY, LOTO, ARC FLASH, AND EMERGENCY PROCEDURES (Questions 90–100) 

90. Correct Answer: B — Protects the face and eyes from thermal and pressure effects of arc flash 

— while the balaclava protects the neck, ears, and head not covered by the hard hat: An arc-rated 

face shield (minimum 4 cal/cm² arc rating; higher ratings for PPE Category 2–4) protects the face and 

eyes — but leaves the sides and back of the head, neck, and ears exposed. An arc-rated balaclava (sock 

hood) covers the neck, ears, and areas below the hard hat brim that the face shield does not protect. 

Together they provide complete head and face protection. For PPE Category 3 and 4, an arc-rated hood 

(with integrated face shield) replaces the separate face shield and balaclava combination — providing 

higher protection levels more conveniently. 

91. Correct Answer: D — A worker without arc-rated PPE could receive a second-degree burn — 

the incident energy at the arc flash boundary equals 1.2 cal/cm²: NFPA 70E defines the arc flash 

boundary as the distance from the arcing source at which the incident energy equals 1.2 cal/cm² — the 

onset of a second-degree burn on unprotected skin. Workers inside the arc flash boundary must wear arc-

rated PPE with an arc rating equal to or greater than the calculated incident energy at their working 

distance. This is distinct from the limited approach boundary (shock hazard) and the restricted approach 

boundary (closer shock hazard) — all three boundaries must be evaluated for tasks near energized 

equipment. 

92. Correct Answer: B — Address electrical hazards not specifically covered by OSHA electrical 

standards — requiring employers to provide a workplace free from recognized hazards: The General 

Duty Clause is OSHA's "catch-all" provision — it applies whenever a recognized hazard exists that is 

causing or likely to cause death or serious physical harm, even when no specific OSHA standard directly 



addresses it. In electrical safety, it has been applied to arc flash hazards (before specific standards existed), 

battery room hydrogen hazards, and emerging technology hazards like DC fast charging stations. 

Employers cannot avoid the General Duty Clause obligation simply because no specific OSHA rule covers 

the exact situation — recognized industry standards (NFPA 70E, IEEE 1584) establish the standard of 

care. 

93. Correct Answer: C — Define zones of increasing shock hazard around exposed energized 

conductors — limiting who may enter each zone and requiring progressively greater protection as 

the worker approaches: NFPA 70E Table 130.4(D) defines three approach boundaries: the limited 

approach boundary (unqualified persons may not cross without qualified supervision and shock PPE); 

the restricted approach boundary (qualified persons only, with shock PPE appropriate for the voltage); 

and the prohibited approach boundary (equivalent to direct contact — requires same protection as 

touching the energized conductor). The boundaries increase in severity with system voltage — at 480V, 

the restricted approach boundary is 1 inch; at 15kV, it is 7 inches. 

94. Correct Answer: D — Elimination — de-energizing the equipment and establishing an 

electrically safe work condition before performing the task: NFPA 70E 110.1(H) and the hierarchy of 

risk controls (derived from ANSI/AIHA Z10 and ISO 45001) consistently place elimination at the top — 

removing the hazard entirely is always more effective than any other control. For electrical work, 

elimination means de-energizing the equipment, verifying absence of voltage with a properly rated test 

instrument, and applying LOTO — creating an electrically safe work condition where no exposure to 

energized conductors exists. Engineering controls (guarding, remote operation), administrative controls 

(written procedures, permits), and PPE are all lower in the hierarchy because they rely on the hazard 

remaining present. 

95. Correct Answer: C — Automatically illuminate means of egress, exit signs, and critical task 

areas when normal power fails — for not less than 90 minutes at required light levels: NEC Article 

700 covers emergency systems required by law, municipal code, or government agency — including 

hospitals, high-rise buildings, and assembly occupancies. The 90-minute duration requirement ensures 

occupants have sufficient time to safely evacuate even large buildings during a power failure. Emergency 

lighting must be automatic (no manual switching required) and capable of operating from a separate source 

(generator, UPS, or battery unit equipment). NEC 700.12 specifies acceptable power sources and NEC 

700.3(B) requires testing — 30-second monthly tests and 90-minute annual tests. 

96. Correct Answer: A — Wearing chemical splash goggles, acid-resistant gloves and apron — using 

insulated tools, removing metal jewelry, ensuring adequate ventilation, and having an eye wash 

station immediately accessible: Battery systems present multiple simultaneous hazards that require a 

comprehensive PPE approach. Lead-acid batteries contain sulfuric acid electrolyte (pH near 0) — splashes 

cause immediate severe chemical burns to skin and eyes. Charging batteries produce hydrogen gas — 

hydrogen is explosive at concentrations above 4% in air, requiring ventilation to keep concentrations 

below 25% of LEL. The battery terminals and intercell connectors carry high DC current — a metal tool 

or jewelry dropped across terminals produces an immediate high-energy arc and can weld to the terminals. 



Insulated tools prevent accidental short circuits; removing jewelry (rings, watches, chains) eliminates 

another arc path. 

97. Correct Answer: D — Prevent unauthorized personnel from entering the test area while high 

voltage is applied — maintaining a physical barrier and warning system: High-voltage cable testing 

(DC hi-pot, VLF AC, or step voltage tests) energizes the cable conductor to voltages ranging from 2–3 

times operating voltage (e.g., 36kV for a 15kV cable) — sufficient to cause fatal shock if contacted. The 

safety watch (also called test area attendant) maintains a physical barrier (typically barrier tape, rope, or 

portable fencing) around all accessible cable ends, splice boxes, and terminations, and monitors the entire 

barrier perimeter for unauthorized entry. The safety watch has authority to immediately shut down the test 

if anyone approaches the restricted area — this is a non-negotiable safety role, not a paperwork function. 

98. Correct Answer: D — The DC bus capacitors maintain voltage on the output conductors after 

input power is disconnected — creating a shock hazard during the bus discharge period: A VFD's 

DC bus capacitor bank stores significant energy — a 100 HP VFD may have a DC bus of 650–700V with 

capacitance of hundreds to thousands of microfarads. After the input breaker opens, the capacitors 

discharge through the drive's internal bleed resistors — but this discharge takes 5–30 minutes depending 

on drive design. During this period, the DC bus and output terminals remain at dangerous voltage. VFD 

manufacturers mark the drive with a warning and a minimum wait time before working on internal 

components. Measurement of DC bus voltage with a properly rated DMM should always confirm 

discharge before any internal work. 

99. Correct Answer: D — Reduce equipment failures, extend equipment life, identify deteriorating 

conditions before failure, maintain equipment in safe operating condition, and document 

maintenance history: NFPA 70B (Recommended Practice for Electrical Equipment Maintenance) 

provides comprehensive guidance for electrical EPM programs — from frequency of testing to specific 

test methods for each equipment type. The dual objectives of reliability and safety are inseparable — 

equipment that fails unexpectedly creates both operational disruption and potential safety hazards (arc 

flash during failure, loss of emergency systems, fire). Documented maintenance history is particularly 

valuable for insurance purposes, regulatory compliance, and legal defense if an incident occurs — 

demonstrating that the equipment was properly maintained according to industry standards. 

100. Correct Answer: B — Notify affected personnel, don appropriate PPE (arc-rated clothing, face 

shield, rubber insulating gloves), position yourself to the side of the panel, have fire suppression 

available, then approach cautiously before opening: A burning smell from an electrical panel indicates 

active arcing, overheating, or insulation breakdown — conditions that present extreme arc flash hazard if 

the panel is opened without proper precautions. Positioning to the side of the panel (not directly in front) 

reduces exposure to the blast and thermal wave if an arc flash occurs when the door opens. A CO₂ 

extinguisher should be staged nearby before opening. If the smell is accompanied by visible smoke, 

crackling sounds, or bulging panel doors, the panel should be de-energized from an upstream source before 

any approach. Never open a suspected arcing panel without full arc-rated PPE in place. 


