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FOREWORD

This test item catalog is intended to serve as a resource for use in training and examining candidates for
licensed operator positions. The catalog encompasses selected topics in the fundamental subject areas
of components, reactor theory, and thermodynamics. Subject areas anc their topics are identical to those
used in the U.S. Nuclear Regulatory Commission's Knowledge and Abilities Catalog for Nuclear Power
Plant Operators: Boiling Water Reactors, NUREG-1123. For each topic, supporting leaming objectives.
questions, answers. references, and explanations (if appropriate) are presented. Many branches of the
National Academy for Nuciear Training contributed to the development and review of this catalog's con-
tent

This catalog supersedes the version that was published in November 1992 It incorporates additional and
modified questions. The scope of this catalog is imited to selected generic knowledge and abiity
subjects Within each subject, questions generic 1o ali BWRs have been developed Questions address-
ing plant-specific topics are not within the scope of this catalog. Additionally, the catalog does not repre-
sent all the knowlaedge that a licensed operator candidate needs. That knowledge must be acquired by
completion of performance-based, systematic training. This catalog may be used as an aid in training by
instructors and candidates and is the primary source document used to examine candidates on generic
lundarnentals topics.

Users of this catalog might identify needed revisions of its content. Appendix C contains a feedback form
for use in submitting suggested revisions

Questions and comments concerning this catalog are welcomed and should be addressed to the man-
ager, Training Activities (404) 644-8632

Novemnber 1993
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INTRODUCTION

This catalog contains questions, answers, references, and learning objectives for selected generic
topics related 1o components, reactor theory, and thermodynamics. These test items were
developed to measure student mastery of generic knowledge learning objectives.

The test items in this catalog are grouped by subject area: components in Section 1. reactor theory
in Section 2, and thermodynumics in Section 3. Each subject area is further divid ad into specific top-
ics, such as pumps, neutrons, or thermal hydraulics.

Within each of these topics, the order of presentation consists of consecutively numbered questions,
answers, explanations (where appropriate), reference (s) (where available) and finally learning objec-
tives. Learning objectives have been prepared which correspond to NUREG 1123 knowledge
statements. The question sequence is in accordance with the knowledge statements and
corresponding learning objectives. The learning objective pages can be used to locate questions
covering specific knowledge statements.

Appendix A contains an equation and fact sheet for student use in stuaying and in undergoing
practice examinations using these questions. Appendix B is a list of references and Appendix C is a
feedback form that users may use to furnish comments and suggested revisions.

This catalog may be used a» a stand-alone test tem bank, or its contents may be incorporated into a
utility's existing question bank While the learning objectives and questions were developed to sup-
port training and examination of licensed operator candidates, some items may aiso be appropriate
for other discipiines. Just as the answers provided for the multiple-choice questions often include
explanations. the answers to the subjective questions often exceed the minimum acceptable
response Therefore, judgment should be exercised in adapting these answers for use as an
examination answer key

Utilities are encouraged to make the catalog contents available to students as a study aid. The cata-
log is offered in loose-leaf format to tacilitate photocopying for individual student use. This format
aiso allows students and instructors to subdivide the catalog into smaller documents for ease of han-
diing

The catalog has been provided to the U.S. Nuclear Regulatory Commission as the primary source of
questions for fulure examinations on generic fundamentais.

The previous version of this catalog was published in November 1992 This revision of the catalog
includes test tems that were added or modified based on the questions used in recent generic
fundamentals examinations.

il
November 19983



VALVES

Quesiions

The purpese of a relief/safety valve is to

A. maintain system integrity

8. regulate system pressure

C. throttle systam flow

D increase system flow during transients

Which of the following correctly describes
the operation of a satety valve installed on a
high pressure steam system?

A A safety vaive is inftially lifted off its seat
by system pressure, then is forced fully

open by an air-operated piston.

B As system pressure increases to the
safety set point, the pressure overcomes
spring force on the valve operalor,
causing the valve 1o open.

C. A safety valve will remain open until
system pressure has been reduced to
the pilot valve actuation setpoint,

D When the open safety valve has
returned system pressure 10 the lifting
set point, a combination of air and steam
pressure above the valve disk closes the
valve.

Which of the following statements describes
the operation of reactor pressure vesse!
safety valves?

A. When the activating pressure for a
safety valve returns to the lift setpoint, a
combination of air and steam pressure
closes the valve.

B As reactor pressure increases 10 the lift
setpoint, the pressure overcomes spring
tension on the valve operator, causing
the vaive to fully open

5.

7.

1.141

BWR

C. Asthe disk on a satety valve lifts, less
pressure is exerted on the disk, reducing
the upward force on the disk, and
thereby regulating the valve position.

D. When the relief valve iift setpoint is
reached, a pilot valve opens allowing
reactor pressure 10 fully open the main
valve disk.

Which of the following valves is designed to
open if system pressure increases 10 a spe-
cific point, release a volume of liquid or
steam, then close at a pressure equal to or
just below the setpoint?

A. lift check valve

B safety vaive

C. temperature control valve
D blowout valve

The function of a relief valve is to

A. cross-connect systems

B. limit pressure of a system

C. maintain constant flow in a system
D

equalize pressure across a valve prior to
opening

The difference between the setpoint
pressure at which a safety/ielief vaive opens
and the pressure at which it closes is called

A. blowdown

B accumuiation

C. seipoint tolerance
D. setpoint deviation

The difference between the setpoint
pressure at which a safety/relief valve begins
to open and the pressure at which it is fully
open is called

blowdown
accumulation
setpoint tolerance
setpoint deviation

com»
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VALVES

Questions

The purpose of overpressure protection
valves is to imit the internal pressure in
vessels and thus protect personnel and
equipment. Which of the following are
overpressure protection valves?

A liftcheck and relief

B pressure regulating and temperature
control

. relief and safety
D. relief and pressure reguiating

Which of the following vaives functions as an
overpressure protaction valve?

plug valve

spring-loaded reducing valve
prassure contro! valve
safety valve

COm>»

Which of the following correctly describes
the relief mode of operation tor a safety relief
vaive (SRV)?

A The SRV must be manually opened and
manually closed using the control switch.

B. The SRV will automatically open, but
must be reset by the operator before it
will close

C. The SRV will automatically open and
close lo relieve excess system pressure.

D, The SRV must be manually opened but
will automatically ciose to prevent
system depressurizaticn

Refer 1o the drawing of two pressure vesseis
with reliaf prutection (see Figure 1.1-1)

Vessel A is completely filled with water and
vessel B is in a saturated, two-phase
condition. Both vessels are currently
pressurized to 50 psig and are protected by
identical relief valves.

BWH

If both relief valves open simultaneously, the
faster pressure reduction will occur in vessel
__and the faster mass loss will occur

in vessel
A A A
B. AB
C. B A
D. BB
i FIGURE 1.1-1 E
\ J
12. if a pressure control valve at the outlet of a

13.

heal exchanger is opened, system fiow rate
will andhead loss wil'

increase / decrease
increase / increase

decrease / decrease
decrease / Increase

com>

Given a constant speed pump with a fixed
recirculation flow, what will be the effect on
pump suction flow when the pump discharge
valve is opened? Pump suction flow will

increase
decrease
remain constant
fiuctuate

cowm»
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VALVES
Questions

A manual throttie valve in a closed loop svs
temn is throftled ciosed one turn. What is the
effect on system total flow?

A no change, only pressure is affected
B increases due to decreased resistance
. decreases due to increased resistance

D increases to a value governed by the
new system head

A discharge valve that discharges directly to
atmosphere is opened in a pressurized sys-
tem. The respective pressures on the up-
stream and downstream side of the valve will

increase and remain the same
remain the same and increase
remain the same and decrease
decrease and remain the same

CO®m>»

It a heat exchanger cooling water outlet
valve is partially throttied closed, heat ex-
changer cooling water pressure will

not be affected, but flow will decrease

A
B increase because of the system change

O

decrease because less heat is being
transferred

D fiuctuate as the cooled substance
reaches saturation

Using the drawing of & spring-loaded valve
(Figure 1.1-2), describe the paosition of this
vah e following a loss of system pressure

closed

open
remains at previous posttion

mid-position

ocowm>»

BWR

FIGURE 1.1-2 :
Yoke
Ty Spring
gl
- Dischargs
System Pressurs
.
Spring-oaded Valve
November 1993



VALVES

Questions

18. Using the drawing of an air-operated valve

(Figure 1.1-3), describe the valve position
following a loss of electrical power

21. Using the diawing of a hydraulically operated
valve (Figure 1.1-4), describe the valve posi-
tion following a loss of hydraulic pressure

A md-position A. closed
8. closed B asis
C. open C. varies with pressure at the vaive seat
D. asis D. open
" ™
4 FIGURE 1.1-3 r FIGURE 1.14
-
[ ™
Voes
: : %
Spring-loaded Air-operated Vaive
19. Using the drawing of an air-operated vaive
(Figure 1.1-3), describe the valve position
foliowing a loss of air pressure caused by a
leaking diaphragm
A asis
B. closed
C. open 9 »
D varies with flow

Hydraulically-operated Va re

22. Refer to the drawing of a hydraulically-
operated valve that is shown in a throttied

position (Figure 1.1-4)

20. How will a typical motor-operated valve
respond to a loss of electrical power to the
valve actuator?

A.open fully Select the position of this valve following a
B. close fully loss of hydraulic fluid pressure.
C. remain as is
D. move to 50% open A closed
B. open
C ramains at current position
D midposition

1.1-4
November 1993




VS LVES

Questions

23 All of the following are acceptable methods

24

25

for veritying the position of a shut manual
gate valve, except

A. observing the position of the valve stem
using handwheel or postion indicators

B. observir,y indicators for plant parame-
lers, such as temperature, pressure and
leve!

C. attempting to turn the handwheel in
"open” direction

D attempting to turn the handwheel in the
"close" direction

Which of the following is not a generally ac-
cepted method for locally veritying that a
valve is opan?

A Observe local flow rate instrumentation

B Check the local valve position indicator
to indicate “open.”

C. Tum the valve operalor in the “ciose”
direction and verity that some movement
occurs.

D. Tum the valve operator in ine "open”
direction and verify that no movement
OCOUrs.

Which of the following is not a generally ac-
cepted method for locally veritying that a
valve is tully closed in an operating piping
system?

A Visually observe the Jocal valve position
indicator 1o indicate "closed.”

B Visually observe the valve's rising stem
threading to be fully exposed.

C. Check a downstream fiow gage 1o be in-
dicating zero flow

D. Listen to the piping downstream of the
valve to indicate zero flow noise.

BWR

28

27

28.

To verify the positio | of a fully open manual
valve in an operating system, the operator
should operate the valve handwheel

A. to fully close the valve, then reopen the
valve to the fully open posttion.

B. tc open the valve until t touches the
backseat, then close the valve to the
desired position.

C. inthe open direction until the valve is
backseated one-half turn

D. in the closed direction, then reopen the
valve to its previously open posttion.

Which of the foilowing is not a technique 1o
prevent thermal binding and/or pressure

locking of globe vaives?

A. Leave valves open one quarter turn dur-
ing heatup and cooidown.

B. Use relief valves on valve bonnets to
equalize pressure.

C. Cycle vaives during a cooldown,

D. Use proper closing torque 1o close man-
ual valves.

An adjustment has just been completed on
the packing gland of a valve that had a minor

packing leak. The operator then attempts to
operate the valve but finds that the valve is
stuck. Select the most probable cause.

A Adjusting the packing overtorqued the
valve in the ciosed direction.

B. The disk separated from the valve stem
as a result of overtightening the packing.

C. The operator placed the valve in the
wrong position while adjusting the pack-
ing.

D. The operator overtightened the packing,
ca ising the stem 1o bind.

November 1993



VALVES
Questions

29 Whal precaution is applicable when
transferring a controlier for a flow control
valve from automatic to manual control?

31. An operator must pay particular attention to
auto/manual valve controflers leff in the
manual mode because

A. Verity that both the automatic and
manual controller outputs are the same
prior to transfer,

B. Verity the controller is balanced by
shifting the controller to the balance
mode to allow the manual control signal
o automatically track the automatic
control signa! for ceveral seconds

C. Verity that the manual controller output
is slightly less than the automatic
controller to prevent flow overshoot on
the transfer

[ Verity that the manual controller output
is slightly higher than the automatic
controller to ensure that no loss of flow
occurs on the transfer,

30. What precautions must be observed when
transterring a valve controller from the
automatic mode to manual mode of control?

A Ensure that the proportional band offset
is established betwsen the automatic
mode and manual mode

B. Ensure that the valve controller output
signais are maiched between automatic
maode and manual mode.

C. Ensure that the valve is completely
closed beiure transferring from the
automatic to the manual mode of control,

D. Ensure that the automatic valve
controller signal is increasing before
transfamng to manual mode of control

A the valve position in manual control is
not as stable as in automatic control

B the valve position will no longer respond
to changes in system parameters

C. system parameters will no longer change
in response 1o changes in vaive position

D. the valve can only be operated locally
during manual control

32 When shifting from automatic to manual
valve control, why shouid the manual output
signal and the auto output signal be
matched?

A 1o prevent a sudden valve repositioning
upon the transfer

B. to satisty the ccntrol transfer interlocks

C. to move the valve to the new position
prior 1o the transfer

D. to prevent the controller from locking up
due 1o a large deviation

33. Why must an operator pay particular
attention to auto/manual valve controfiers
when placed in the manual mode?

A. Manual valve control is not as stable as
automatic valve control.

8. Valve position will no longer change in

response to changes in system
parameters.

C. the position of the valve can only be
determined locally during manual
control.

D. The valve can only be operated iocally
during manual valve control.

1.1-6

BWR

November 1993



34

35

VALVES

Questions

What precaution is applicabie, when
transferring a controller for a flow control
valvi from automatic to manual control?

A. Verify that both the automatic and
manual controller outputs are the same
pnor 1o transfer.

B. Vertty the controller is balanced by
shifting the controller to the balance
mode 1o allow the manual control signal
o automatically track the automatic
control signal for several seconds.

C. Verity that the manual controller output
is slightly less than the automatic
controller's to prevent flow overshoot on
the transfer.

D Vertty that the manual controlier output
15 slightly higher than the automatic
controller's to ensure that no loss of fiow
occurs on the transfer.

When the manual declutch lever of a motor-
operated valve is moved out of the normal
position it the motor and

the handwheel,

A disengages, engag .
B. engages: engages

C. disengages; disengages
D. engages, disengages

Compiete the following statement concerning
preparing for manual operation of a mo-
tor-operated valve: The manual declutch
lever

A disengages the motor and engages the
handwhee!

B deenergizes the motor and engages the
handwheel

C  disengages the handwheel and engages
the motor

D. disengages the handwhee! .nd ener-
gizes the motor

BWH

37.

39.

40

41,

What could be damaged if an operator at-
tempts to manually disengage the motor on
a motor-operated valve while the motor is

operating?

limit switches
valve seat
forque switches
clutch

COom>»

- When manually positioning a motor-operated

valve, care must be taken to avoid using ex-
cessive valve seating/backseating force.
Why?

A Limit switch settings might change.

B. Torgue switch settings might change.

C. The motor might not re-engage.

D. The valve might not operate on demand.

Check valves are used to

A. relieve system overprassure, thereby
ensuring system integrity

B. prevent backflow through non-operating
components or flow paths

C. maintain a constant back pressure to
control flow rate

D. prevent pump cavitation by keeping
systems full of liquid

Which of the following is not a type of check
vaive?

A. vertical lift
B. horizontal ift
C. gate

D. swing

What type of valve is used to control the di-
rection of fiuid flow through a system and
prevent backflow?

safety vaive
gate valve

globe valve
chack valve

oom>»
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VALVES

Questions

42 Emergency core cooling systems (ECCS)
typically have lestable check valves in the
discharge lines from the pump to the vessel
How does the lesiable check valve operate?

A. The valve is opened by flow and
pressure from the discharge of the

ECCS pump,

B8 Instrument air is applied to the valve
operator when the ECCS system is shut
down to close the valve and ensure no
leak across the seat

C. The check valve cannot be opened
uniess the associated ECCS pump is
running.

D. An air solenoid admits air to the valve on
system initiation to ensure that the valve
opens

43 A stop check valve is a modified check valve
that

A cannol be shut remotely

B  can be used to prevent flow in both
directions

C. can be opened manually to allow flow in
both directions

D. contains both a gate valve disk and a
check vaive disk

BWR

44

45

Operators should use both hands on valve
handwheels when posttioning manual valves
to

A. overcome the resistance of instalied
locking devices

B, control the rate of valve motion to
prevent water hammer

C. ensure system pressure, temperature,
and flow are controlied during valve mo-
tion

D. control lateral force to prevent bending
the valve stem

Which statement best describes the function
and use of valve backseats?

A. Valve backseats are provided to remove
pressure from the packing and stuffing
box and are the normal method used to

isolate the stuffing box for valve repack-

ing

B. Vaive backseals are provided to remove
pressure from the packing and stuffing
box and are only used when needed to
prevent packing leakage.

C. Valve backseats are provided as a
back-up in case the primary seat leaks
and are normally usad during plant oper-
ations.

D. Valve backseals are provided as a
back-up in case the primary seat leaks
and are only used when needed 1o pre-
vent valves from leaking excessively.

November 1923



VALVES

Questions

46. The purpose of backseating a manual valve
in an operating system is to

A isolate system pressure from the stem
packing to mimimize leakage past the
valve stem,

B. fully remove the valve disk from the flow
stream 1o minimize system headloss

C. ensure the valvs . fully open by
verifying that t' ® « *« disk is attached
fo the valve sten

D reduce vaive disk wear by completely
removing it from the fiow stream.

47 To verity a manual valve in an operating
system is closed, the operator should
operate the valve handwheel

A. inthe open direction until the valve stem
moves in the open direction, then
reciose the valve using normal force

B inthe close direction using normal force
and verify there is no substantial
handwheel movement

C. inthe open direction until flow sounds
are heard, then reclose the valve using
normal force

D inthe close direction until it stops. then

close it an additional one-half turn using
additional force it necessary

BWR

48. An operator attempts 10 close a manual gate
valve 10 isolate a pump in a shutdown
system. However, the operator is unable to
manually rotate the handwheel.

449

Which one of the following could not cause
this condition?

A

The valve packing was improperly
adjusted and i~ exerting excessive torce
on the vaive sty

The system has cooled after shutdown
and thermal contraction has resulted in
binding of the valve stem,

The system has been drained after
shutdown and a hydraulic lock has
formed under the valve disk.

The valve was previously placed in the
fully ciosed position and cannot be
closed further

If an operator attempts to operate a manual
valve that appears 10 be stuck, efther open
or closed, he/she should

A

strike the handwheel with a hammer to
free the valve

loosen the valve bonnet slightly to free
the valve

use a valve wrench to free the valve

loosen the packing gland to force the
valve

November 1993



50. To verity the position of & closed manual

valve, the operator should

A operate the valve in the closed direction
using normal force

B. open the valve, listen for flow, then close
the valve using normal force

C. open the valve fuily, then reclose it using
normal force

D. close the valve until it stops, then close it
an additional one-half turn, using normal
force

51 To verity the position of an open manual

valve, the operator should

A operate the valve in the open direction
until the valve is back seated one-half
tum

B, operate the valve in the closed direction
until there is stem movement, then re-
open the valve

C. ftully close the valve, then reopen the
valve

D. open the valve unt!l it touches the
back-seat, then close to the desired po-
sition

52. Gate valves are most often used

A. 1o protect systems by relieving excess
pressure

B. 10 limit flow in a piping system 1o one
direction

C. as isolation valves

D. for throttling fuid flow

VALVES
Questions

53

54.

55.

57.

1.1-10

BWR

Globe valves are used
A only in low pressure applications

B. to limit flow in a piping system 1o one
direction

C. primarily to minimize turbulence
D. for throttling fluid flow

Which of the following valves is least suited
for throttling flow?

A needle
B. ball
C. gate
D. globe

Which of the following valves is most appro-
priately used in throttling applications where
operation is frequent?

A. check
B. stop-check
C. gate
D. globe

. Some valve positioning (drive) devices are

capable of stopping the valve between a fully
open and a fully closed (throttled) position.
Which of the following valves is best used for
throttiing?

A. stop valve
B. globe vaive
C. gate valve
D. butterfly vaive

Which of the following valves is most likely to
be used with a throttling posttioner?

stop valve
globe valve
gate valve
butterfly vaive

Com>»
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VALVES
Questions

58 Which of the foliowing staterments best ap-

59

60

phes to a gate valve?

A They are used for making relatively fine
adjustments in the amount of fluids
aliowed to pass

B They are not sutted for throttling, as fluid
flow through a partially closed valve may
cause damage 1o sealing surfaces

C. They allow no fluid in the process stream
fo come into contact with the vaive stem
or valve bonnet

D They can be used to allow flow only in
one direction or used as a stop valve

in comparing a gate valve 1o a giobe valve
which of the following statements is correct?

A. A globe valve has a lower pressure drop
when partially open and is better for
throttling.

B A gate valve has a lower pressure drop
when fully open and is better for isola-
tion.

C. A globe valve has a lower pressure drop
when fully open and is better for isola-
tion.

D. A gate valve has a lower pressure drop
when fully open and is better for throt-
tiing.

What is the major disadvantage of a globe
valve as compared fo a gate valve?

A Globe valves cannot be used to throttle
fiow

B Globe valves are expensive and difficutt
to install.

C  Giobe valves have a large pressure drop
when fully open

D. Globe vaives do not provide good control
of flow or pressure.

61.

62.

1.1-11

BWR

Globe valves are preferred over gate valves
for throttiing because

A. flow control is more linear for globe
valves than for gate valves.

B. head ioss from a fully open giobe valve
is smaller than the head loss from a fully
open gate valve.

C. valve position indication for a
midpositioned valve is more reliable for
globe valves than for gate valves.

D. valve motor operators are more
adaptable to glove valves than to gate
vaives.

For throttling, globe valves are preferred
over gate valves beccuse

A the loss coefficient is generally more
linear for globe valves than for gate
valves.

B. the loss coefficient for a full open globe
valve is smaller than the loss coefficient
for a full open gate valve.

C. valve position indication for a
midpositioned valve is more reliable for
globe valves than for gate valves.

D. valve motor operators are more
adaptable to giobe valives than to gate
valves.

- Which valve type should not be used to

throttle flow?

A. gale valves
B ball valves
C. needle valves
D. globe valves

Gate valves are designed to

reguiate pressure
reguiate flow
prevent backflow
stant and stop flow

oom»
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67,

VALVES

Questions

Gate valves should not be used to throttle
fluid flow. Why?

A.  The turbulent flow created by a partiaily
opened gate valve can cause extensive
damage to the valve.

B. The tortuous path through a gate vaive
body makes flow control difficult

C. The large size of the valve gate would
require an oversized actuator 1o position
the valve accurately

D The turbulent flow created by a partially
opened gate valve can cause flow re-
striction downstream of the valve

Gate valves should not be used 1o throttle
fluid flow because

A. the tortuous fiow path through a gate
valve body makes flow control difficult

B. gate vaives must be fully opened and
backseated 1o prevent stem leakage

C. the turbulent flow created by a partially
opened gate valve will cause erosion
damage fo the valve seat.

D. the large size of the gate valve disk
requires an oversized actuator to
accurately position the disk.

Refer to the drawing of two pressure vessels
with relief protection (see figure 1.1-5)

Vessel A is completely filled with water and
vessel B is in a saturated, two-phase
conditicn. Both vessels are currently
pressurized 10 50 psig and are protected by
dentical relief valves

If both relief valves open simuttaneously, the
faster pressure reduction will occur in vessel
. and the faster mass loss will

Sccur invessel o
A A A
B. AB
C BA
D. BB
( FIGURE 1.1-5 L
o3
e -
e
Pressure Vossels with Helie! Protection
k. J

1.1-12
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68 Which one of the foliowing vaives provides

overpressure protection to limit the internal
pressure in vessels and thus protect

personnel and equipment?

safety

control

sentinel

pressure reguiating

Do®>
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VALVES
Questions

69. Which one of the foliowing statements
describes the operation of reactor pressure
vessel safety valves?

A. An open safety valve will close when
reactor pyessure decreases enough for
gravity and spring tension to overcom#
the effect of reactor pressure on the
main valve disk.

B. An open safety vaive will close when the
pilot vaive senses a reduced reactor
pressure and isolate reactor pressure to
the main valve disk.

C. When reactor pressure reaches the lift
setpoint, the safety valve begins tc open
and will modulate to a position that is
directly proportional to reactor pressure

D. When reactor pressure reaches the Jift
setpoint, a pilot . ~"ve closes to rreate a
AP across the mai'. .alve disk which
overcomes gravity and spring tension to
open the valve.

1.1-13
BWR

November 1983



VALVES

Answers

in addition to the correct answer, a brief ex- 10
planation of the answer (if needed for

clarity), is provided along with a reference

for sach question/answer. Reference
numbers are keyed to the list of references in

Appendix B.

1. A

Reference 14,

2. B

Reterence 14,

3 8

Reference 14,

4 B

Reference 65,
132

5 B

Raference 14,

6 A

Reference 14,

7. B

Reference 14,

8 C

Reference 38,

9. D

Reference 38,

BWHR

page 7-63

page 7-63.

page 7-63

chapter 7, pages 125 through

page 7-63

page 7-94

page 7-94

appendix A, pages 18 and 22

appendix A, page 18

11

12

C

A

A

Reference 38, Appendix A, page 22

Reference 14, pages 7-61 and 7-63

13.

Reference 38, appendix A.

14

Reference 38, appendix A

15

Reference 38, appandix A

16.

A

C

D

B

Reference 14, pages 7-61 through 7-80

17

18

A

B

Reterence 65 chapter 7, pages 130 through

132

18

B

Reference 65, chapter 7, pages 130 through

132

1.1-14
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VALVES
Answers

20 C

In most motor-operaled valves, an electric motor
provides the motive force to open and shut the
valve. Upon a loss of electrical power, the valve
remains in its last position

Reference 38, page 27

21. D

Principle of operation is same as that of an
air-operated valve

Reference 65, chapter 7, pages 130 through
132
22. B

Reference 65, chapter 7, page 130 through 132

23. C

Reference 38, pages 3, 6, and 7

24 D

To verity that a valve is open, the valve operator
18 10 be moved a smeall amount in the "closed" di-
rection until movement is detected, and then the
valve operator is 10 be returned to the "open” po-
sition. At no time is a valve operator to be oper-
ated in the "open"” position to ascertain valve po-
sition, until it has first been rotated in the
"closed” direction and movement has been de-
tected.

Reference 38 pages 7 and 8.

25 B

Reference 38, page 7.

26. D

Heference 38, page 7

27. A

l.eaving a valve partially open is not an accept-
able technigue to prevent thermal binding or
pressure locking of valves and defeats the pur-
pose of closing the valve. B, C, and D, all are
examples of acceptabile techniques.

Reference 38, appendix A, page 35

28 D

Since the valve became stuck immediately fol-
lowing a packino adjustment and the packing is
in direct contact «th the valve stem, tem D is
the most logical response.

Reference 38, appendix A, page 35.

29. A

A bumpless transfer is the avoidance of a bump
or shock during an automatic-to-manual or
manual-to-automatic transfer by matching the
controlier signals between automatic and manual
control.

Reference 55 1, chapler 5, page A-3

30 B

Bumpless transfer is the avoidance of a bump or
shock during an automatic-to-manual or manual-
to-automatic transfer by matching the controlier
signals between automatic and manual control.

Reference 55 1, chapter 5, page A-3.

1.1-15
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VALVES
Answers

31. B

in manual, the valve will only respond to manual
demands. The system parameters will have no
effect on the valve controls. However, the
system, of course, will be affected by position of
the valve.

Reference 03, chapter 9, page 247

32 A

Reference 72, page 18, chapter 20.

33 B

Reference 03, chapter 9, page 247

34 A

Reference 72, page 1€, chapter 20.

35 A

Reference 38, appendix A, page 30.

36 A

The declutch lever is used to permit manual
valve operation by disengaging the actuator
motor and engaging the handwhesl

Reference 38, appendix A, page 30

37. D

Attempling 1o manuaily disengage the motor dur-
ing motor operation will result in damage to the
clutch ring and declutch lever.

Reference 38, page 4, and appendix A, page 30

38 D

The force required to unseat the valve may ex-
ceed torque switch settings, causing the valve to
fail to stroke on demand.

Reference 38, page 4.

38 B

Check valves are designed to limit flow 1o one di-
rection by automatically shutting if fiow reverses
direction.

Reference 65, chapter 6, page 134

40. C

There are three common types of check valves
used in power plants:

vertical and horizontal iift check
swing check
ball check

A gate vaive is used to stop flow in a system and
does not restrict direction of flow,

Refarence 38, appendix A, page 13.

41. D

A check valve is used to control the direction of
flow through a system by preventing backflow
through system components.

Reference 65, chapter 6, page 134,

42. A

43. B

Reference 65, chapter 6, page 134,

1.1-16
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VALVES
Answers

4. D

Using two hands prevents excessive lateral force
on the valve stem, which protects the valve stem
from bending or binding.

Reference 56, page 1.4-2; and Reference 65

45. B

A backseal is provided in some valves to remove
or reduce pressure from the valve packing
and/or packing stuffing box. Backseating is not
normally done to reduce wear on the backseat
surfaces, but to ensure proper operation in the
event of packing failure.

Reference 38, appendix A, page 35

46. A

Relerence 38, appendix A, page 35

47. B

48 C

43. C

Operators should only use approved valve
wrenches 1o free a stuck valve. Leverage de-
vices such as cheater bars, or using multiple op-
erators, can cause excessive lateral forces on
the valve and could damage the valve or valve
stem.

50. A

Valves should only be moved in the close direc-
tion to verity valve position. If the valve is open,
this will close the valve. If the valve is closed,
this will not exceed normal closure force

Reference 38, page 3.

51. B

Valves should only be operated in the cluse di-
rection 1o verify valve position. If the valve is
open. the vaive will move slightly indicating the
valve is open. If the valve does not move, it is
probably closed and can then be opened.

Reference 38, page 3

52. C

Reference 51, page 444,

53. D

Reference 51, page 444,

54 C

Reference 38, chapter 6. page 131

55. D

Reference 61, chapler 4, page 6.

56 B

Reference 61, chapter 4, page 6.

57. B

Reference 61, chapter 4, page 6.

58. B

Reference 38, chapter 6, page 131.

1.117
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Answers

59. B

A gate valve has a iow pressure drop when fully
open. Gate valves are best for flow isolation and
should not be used for throttiing.

A globe valve has a relatively high pressure drop
when fully open. A giobe vah'e is designed for
use in throttling applications.

Reference 65, chapter 6.

60. C
Globe valves are designed to provide good flow
and pressure control and are used extensively in

throttling applications. However, compared to a
gate valve, a globe valve has a higher pressure

drop when the vaive is fully opened.

Reference 65, chapter 6.

61. A

Reference 65, chapter 6

62 A

Reference 65, chapter 6

63 A

Gate valves are designed for systems where
straight-line fiow and minimum fiow restriction
are desired. Gate valves are not suitable for
throttling due 1o poor flow control, and the turbu-
lent flow created by a partially opened valve
could seriously damage the valve.

Reference 65, chapter 6.

64 D
Gate valves are designed 1o start and stop flow

Reference 65, chapter 6

65 A

Gate vaives are designed for systems where
straight-line flow and minimum flow restriction
are desired. Gate valves are not suitable for
throtiling due to poor fiow control, and the turbu-
lent flow created by a partially opened valve
could seriously damage the valve.

Reference 65, chapter 6.

66.

O

Reference 65, chapter 6.

67. A

68. A

69 A

1.1-18
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VALVES
Learning Objectives

Each learning objective listed below is
preceded by the associated question
number(s) and by the number of iis related
knowledge statement.
K1.01. 1.02 Question 1

State the purpose of an overpressure protection
valve

K1.01 Questions 2, 3, 69
Describe the operation of a safety valve.

K1.01,1.02 Questions 4, 8.9, 68

Identifty the purpose of an overpressure protec-
tion valve.

K101 Question$ 6.7

Describe the function of a relief valve.

K1.02 Questions 10, 11, 67
Describe the operation of a ralief valve.

K1.03 Questions 12-16

Explain the effect of valve position on back pres-

sure and flow rate in piping systems

K1.04 Question 17
Given a drawing, describe the fail posttion of a

spring-loaded vaive.

K1.04 Question 18

Given a drawing, describe how an air-operated
valve would react to a loss of electrical power.

K1.04 Question 19

Given a drawing, describe how an air-operated
valve would react to a loss of air pressure.

K1.04 Question 20

Describe how a motor-operated valve wouid
react 1o a loss of electrical power.

K1.04 Question 21, 22
Given a drawing. describe how a hydraulically

operated valve would react to a loss of hydraulic
power.

K1.05_Question 23

Explain the significance of stem position (valve
status) for gate valves.

K1.05 Questions 24, 25, 26
State the methods that can be used 1o deter-
mine/verify valve position locally.

K1.06 Question 27

List three methods to prevent thermal binding
and/or pressure locking of valves.

K1.06 Question 28

Given a common problem encountered during
valve operations or operator-performed minor
maintenance and a list of polential problem
causes, select the cause that best fits the prob-
lem described.

K1.07 Questions 29-34

Describe the precautions associated with
transferring a valve controlier between manual
and automatic modes.

1.1-18
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VALVES
Learning Objectives

K1.08 Question 35 36

Describe the operation of the manual declutch
lever on a typical motor-operated valve (MOV)

K1.08, 1.07 Questions 37, 38
From a list of statements, select the statement
that best describes a precaution(s) to be ob-

served while manually operating a motor opet-
ated valve (MOV).

Vaive stroke testing is guided by specific plant
procedures and was determined to be not
generic

K110 Question 39, 43

From a list of purpose statements, select the one
that best describes the purpose of a check valve.
K110 Question 40

Given a list of valve types, identify the common
types of check valves used in power plants.

K1.10 Question 41

State the purpose or function of a check valve

K1.10 Question 42

Describe the operation of a testable check valve

K111 Questions 44, 48, 49

State the precautions an operator must observe
while operating manual valves.

K1.11 Question 45, 46
State the function and use of valve backseats.

K1.11 _Questions 47, 50, 51

Describe the proper method/technique for verify-
ing the position of manual vaives.

K112 Questions 52, 54

Identify the function of a gate valve

K112 Questing 53, 55, 56, 57

Identify the function of a globe valve. ldentity the
characteristics of globe valve design.

K112 Question 58

Identify the function of a gate valve. identify the

advantages or disadvantages for the use of gate
valves.

K1.12 Questions 59, 60, 61, 62, 64

Compare the reasons for using globe valves ver-
sus gate vaives for throtiling flow.
K1.12_Question 63

Given a list of valve types, identify those vaives
that are designed to be used for throttling fiow.
K112 Question 65, 66

Explain why gate valves should not be used to
throttie fiuid fiow.

1.1-20
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2.

SENSORS AND DETECTORS
Questions

What happens 1o a fluid as it passes through
a venturi?

A. Pressure remains constant, but the
velocity increases as the diameter of
the venturi decreases.

B. Pressure increases, but the velocity de-
creases as the diameter of the venturi
decreases.

C. Pressure decreases, but the velocity
remans constant as the diameter of the
venturi inCreases.

D Pressure increases, bt the velocity de-
creases as the diameter of the venturn
increases.

A correct statement concerning a Venturi
flow device is that it

A develops an output signal by measuring
the differential pressure of the fluid as it
passes through the device

B can measure the rate of flow of
incompressible fluids, but ot of
compressible fluids

C. develops an output signal by measuring
the velocity of the fluid as it passes
through the device

D. has head loss greater than the head
losses produced by an orifice

3. A cooling water system is operating at

steady sta'e conditions incer .ng 900 gpm
wi, * 60 psid across th= flow, .. ansmitter

ve' 1 i caoling water flow rate is
increiicd 10 1800 gpm, Jdifferential pressure
{[/P) across the flow transmirter venturi will
be approximately

85 psig
120 peid
175 psid
240 psid

com>»

4

5

A cooling water system is operating at a
steady-state flow rate of 700 gpm with 60
psid across the flow transmitter venturi. If
cooling water flow rate is increased to 1000
gpm, differential pressure across the flow
transmitter venturi will be

A. 857 psid
B. 1224 psid
C. 171.4psid
D. 2448 psid

As a fluid flows through a ventun flow
element, the pressure and the

velocity of the fluid occurs at
the throat of the ventur.

A highest; highes!
B. lowest; lowest
C. lowest; highest
D. highest, lowest

\,

Venturi

J

1.21

BWR

6. Refer to the drawing of a venturi (see Figure

1.2-1). A subsooled fluid is flowing through a

convergent-divergent venturi. Compared to

conditions at the inlet of the venturi (P1),

pressure at the outlet of the venturi (P2) has
and system mass flow rate has
. {Assume “real" conditions )

dacreased slightly. remained the same
decreased slightly, decreased slightly
remained the same; decreased shghtly
remained the same; remained the same

oom>»

November 1983



SENSORS AND DETcCTORS
Questions

7. The flow rate of a fluid passing through a
venturi can be determined by measuring the

A differential pressure of the fluid as #t
passes through the venturi

B. linear displacement of a metering plug
installed in the throat of the venturi

C. change in the velocity of the fluid as #t
passes through the venturi

D. rotation of a paddie wheel type device
installed in the throat of the venturi

8. If the density input to a density-compensatad
flow instrument fails high, the indicated flow
will

A. increase to a new higher value

11

B. increase temporarily, then return to its
initial value

C. decrease to a new lower value

D. decrease temporarily, then retum to its
initial value

9 A correct statement regarding the use of an
orifice to measure the volume fiow rate of
water in a pipe is that

A the measured flow rate will be higher
than the actual fiow rate if the water
temperature is lower than the calibrated

temperature

13.

B. temperature compensation is not
required to obtain accurate flow rates
because water is an incompressible
fluid

1.2-2
BWR

10.

12,

C. the measured flow rate will be lower
than the actual flow rate if the water
temperature is iower than the calibrated
temperature

temperature compensation is not
required because the pressure drop
across the orifice is a viscous effect
and i8 not temperature-dependent.

The main steam line flow indication is
density-compensated 1o ensure that the
measured change in the pressure across the
flow element determines the

A. mass flow rate
B. velocity flow rate
C. volumetric flow rate
D. differential fiow rate

The compensating input on a flow instrument
is proportional to density. This input con-
verts volumetric flow rate to

A velocity flow rate
B. laminar flow rate

C. mass flow rate
D. differential flow rate

Density compensation is used in flow instru-
ments to change 10

A. mass fiow rate, volumetric flow rate
BE. volumetric fiow rate, mass flow rate
C. fluid pressure, volumetric flow rate
D. differential pressure, mass flow rate

If the actual density input to a compensated
flow instrument fails low, the indicated flow
will
A. increase 12 a new higher value

B increase temporarily, then retum to its
initial value

C decrease 10 a new lower value
decrease temporarily, then return its ini-
tial value

November 18993



14.

15

16.

SENSORS AND DETECTORS
Questions

With a constant velocity flow rate, an in-
crease in the density input signal 1o a
compensated flow instrument causes the
indicated flow to increase. This occurs be-

cause actual

volumetric flow rate decreases
mass flow rate decreases
volumetric flow rate increases
mass flow rate increases

coOm>»

It is necessary to density-compensate the
main steam line flow indication because the
measured change in pressure across the
flow slements is

A. directly proportional to the volumetric
flow rate

B. inversely proportional to the volumetric
flow rate

C. directly proportional to the mass flow
rate

D. inversely proportional to the mass fiow
rate

Given th- equation for mass flow rate
M=pxAxXv

where m = mass flow rate (lb/sec)
p = density of tiowing fluid (Ib/#13)
A = cross section of chariel of flud
(ft2)
v = average velocity of fiowing fluid
(tUsec)

What is the effect on mass flow rate if the
liquid has air in solution? (Assume velocity
of fluid is constant )

A Mass flow rate would increase.

B. Mass flow rate would decrease

BWR

17.

18.

1.2-3

C. Mass flow rate is not affected by air in
solution.

D. The effect on mass flow is
unpredictable.

Given the equation for mass flow rate:

m=pXAXV

where M = mass flow rate (lbrmvsec)
p = density of flowing fluid (lbm/#3)
A = cross section of channel of fluid
(12)
v = average velocity of flowing fluid
(tUsec)

If air is introduced (dissolved) into a flowing

liquid, then the mass flow rate of the liquid

will due to the change in the
of the liquid.

increase; density
decrease, density
increase; velocity
decreae; velocity

If the liquid flowing through a differential
pressure liquid flow rate sensor contains en-
trained voids (gas or steam), indicatad flow
rate wili be

ocom»

erroneously high
erroneously low
unaffected
fluctuating

oo®m>»
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SENSORS AND DETE CTORS
Questions

19. A tluctuating indication is observed on a lig- 23
uid flow rate meter whose detector uses a
differential pressure cell. The most likely

cause for the fluctuation is

A. gas or steam in the liquid flowing
through the sensor

B. a valve being closed on the high pres-
sure tap of the detector

C. a valve being closed on the low pres-
sure tap of the detector

D tailure of the diaphragm in the differen-
tial pressure cell
20. Why would gas or steam bubbles in a differ-
ential pressure (D/P) cell liquid flow detector
cause flow indication fluctuations?

A. changes in temperature

B. changes in volume flow rate
C. plugging D/P taps

D. changes in pressure

It the high pressure sensing line tap on a dif-
ferential pressure (D/P) cell flow detector de-
velops a leak, what will happen to flow indi-
cation?

21
26

A. increase

B. decrease

C. remain the same

D. fluctuate
22. If the low pressure sensing line on a differen-
tial pressure (D/P) flow detector develops a
leak, what will happen to flow indication?

increase
decrease
remain the same
fluctuate

DO »

1.2-4
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24.

25.

27.

If the diaphragm ruptures in a differential
pressure (D/P) flow sensor, how will indi-
cated flow respond?

A increase
B decrease
C. remain the same
D. fluctuate

If the equalizing valve on a differential pres-
sure (D/P) flow detector is opened, what will
be the indications 1o the operator?

A Flow indication will increase slightly.
B Flow indication will decrease slightly.
C. Flow indication will be zero.

D. There will be no change.

If the orifice in a differential pressure (D/P)
cell flow sensor should wear, causing the ori-
fice to become larger, indicated flow would

be higher than actual
be lower than actual

not change
oscillate

Dowm>»

A differential pressure (D/P) cell is being
used 1o measure flow rate in a cooling water
system. Flow rate is indicating 75 percent of
scale. If the D/P cell diaphragm ruptures,
indicated tiow rate wili

A. goto O percent

B. goto 100 parcent (full-scale)

C. remain the same

D. move slowly to 50 percent (mid-scale)
A leak develops in the high-pressure side of

a flow detector. As a result, the measured
D/P will ______ causing indicated flow to

decrsase, decrease
decrease, increase
increase, decreass
increase, increase

Do®»
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SENSORS AND DETECTORS
Questions

28. A differential pressure (D/P) cell is being
used to measure flow rate in a cooling water
systern. Flow rate is indicating 75 percent of
scale. if the D/P cell diaphragm ruptures,
indicated flow rate will:

A. go to O percent because low D/P is
sensed

B. goto 0 percent because high D/P is
sensed

C. goto 100 percent (full-scale} because
low D/P is sensed

D. go to 100 percent (full-scale) because
high D/P is sensed

29. Which one of the following will cause
indicated volumetric flow rate 1o be lower
than actual volumetric flow rate using a

differantial pressure (D/P) flow detector and
a calibrated orifice?

A. Debris becomes lodged in the orifice,

B A leak develops in the low pressure
sensing line.

. The orifice erodes over time.
D System pressure decreases.

30. Which of the foliowing will cause indicated
flow rate to be higher than actual flow rate
using a differential pressure (D/P) flow
detector and a calibrated orifice?

A. Debris becomes lodged in the orifice.

B. A leak develops in the high pressure
sensing line.

C. The orifice erodes over time.

D. The flow detector equalizing valve is
inadvertently opened.

BWR

31. Refer 1o the drawing of a bellows-type
differential pressure detector (see Figure
1.2-2).

The spring in ‘his detector (shown in a
compressed state) has weakened from long-
term use. If the actual differential pressure
(D/P) is constant, how will indicated D/P

respond as the spring weakens?

A. Decrease, because the high pressure
will compress the spring more.

B. Increase, because the high pressure
will compress the spring more.

C. Decrease, because the spring will
expand more.

D. Increase, because the spring will
expand more.

FIGURE 1.2-2

MOVEABLE WALL

SEALNG
/7 sELowS

LINK TD
POWNTER

Bellows - Type Differential
Pressure Detector
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SENSORS AND DETECTORS

Questions
32 On the drawing of an elbow fiow meter C. The fiow rate is directly proportional to
{Figure 1.2-3), identify the high pressure tap. the square root of the D/P.
A. point "A" D The flow rate is inversely proportional to
B. point "B* the square root of the D/P.
C. point "C"
D. point “D" 35 Differential pressure (D/P) across a D/P cell
flow measuring device doubles. By what
P 1 factor has flow increased?
FIGURE 1.2-3
A Jo5
m B. V2
C. 2
™ D. 4
A e 36. If the flow rate across a differential pressure
8 flow sensor doubles, by about what factor
/ would the O/P increase?
ZA— e
/\ ' B 42
° 7/ c. 2
D 4
o
g 37. How will flow rate indication be affected if the
S equalizing valve for the associated differen-
Pipe Elbow tial pressure detector is fully opened?
33. On the drawing of an elbow flow meter A increase temporarily, then retumn to
(Figure 1.2-3), identify the low pressure tap. initial value
A. poit “A' B. decrease temporarily, then return to
B. point "8 initial value
C. point *C"
D. point "D* C. increase to the maximum value
34. What flow rale principle explains how an ori- D. decrease 1o the minimum value
fice, flow nozzle, and venturi tube detect fiuid
flow? 38. A differential pressure steam flow measuring
instrument uses density compensation and
A. The flow rate is directly proportional to square root compensation to produce steam
the differential pressure (O/P). fiow rate indication in bmvhr. The purpose
of square root compensation in this flow
B The fiow rate is inversely proportional to measuring instrument is to convert
A. steam pressure; fluid velocity
B. steam pre 7, fluid density
C differential prussure; fluid velocity
D. differential pressure; fluid density

1.26
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39.

40

41.

SENSORS AND DETECTOKRS
Questions

A differential pressure level transmitter was
calibrated for use on a tank at 100°F. If
mass In the tank remains the same and the
temperature is raised to 200°F, the indicated
level will

A remain the same, but actual level would
increase

B increase due to the expansion of the
water

C. decrease due 1o the decreass in den-
sty

D. increase in direct proportion to the tem-
perature rise

A differential pressure level transmitter was
calibrated for use on a tank at 250°F. If the
mass in the tank rem~ined the same and the
temperature were raised to 350°F, the indi-
cated level would

A decrease due to the decrease in den-
sity

B increase above actual level due to the
expansion of the water

C. remain the same, but actual ievel would
increase

D. increase wilh actual level due to the ex-
pansion of the water

A differential pressure level transmitter with
its reference leg vented to atmosphere is be-
ing used in a control loop to maintain iiquid
level in a vented tank at 50 percent. The
transmitter was calibrated at a tank tempera-
ture of 200°F. If the tank temperature
gradually falls to 100°F, the control loop will
cause actyal level to

A. be maintained at 50 percent

B increase and remain above 50 percent

C. first increase, then decrease to 50 per-
cent

D decrease and remain below 50 percent
42 Two differential pressure level transmitters

are installed in a large tank. Transmitter "
is calibrated at 100°F and transmitter "II" is
calibrated at 200°F. Which transmitter indi-
cates a higher level?

A. transmitter {

B. transmitter ||

C. transmitter | less than 150°F, transmit-
ter Il above 150°F

D. unable to determine, teinperatura must
be known

43. Two differential pressure level transmitters
are installed in a large tank. Transmitter | is
calibrated at 200" F. Transmitter |l is cali-

brated at 100°F. Which transmitter will read
iower at 160°F?

A. transmitter |
B. transmitter il

C. must consult water density curve 1o
determine accurately

D. neither, they will read the same

12-7
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44 Refer to the drawing of a water storage tank
with two differentiai pressure level indicators
(see Figure 1.2-4).

indicator 1 was calibrated at 200°F and
indicator 2 was calibrated at 100°F. If tank
water temperature is 150°F, then

A indicator 1 will read greater than
indicator 2

B. indicator 2 will read greater than
indicator 1

C. indicator 1 and 2 will read the same
D. both indicators will be inaccurate, dut it

is iImpossible o predict which indicator
will read greater

[ FIGURE 1.2-4 T

TANK OFEN TO
ATMOSPHERE

Water Storage Tank with Two
Differential Pressure Leve! indicators

45. Refer to the drawing of a water storage tank
with two differential pressure level indicators
{see Figure 1.2-4)

Indicator 1 was calibrated at 120°F and
indicator 2 was calibrated at 180°F. If tank
water temperature is 150°F, then

A. indicator 1 will read greater than
indicator 2

om oe
LEVEL LEVEL
INDICATOR INDICATOR
N 1 NO 2
- J

B. indicator 2 will read greater than
indicator 1

C. indicator 1 and 2 /=adings will increase
by the same amount

D. indicator 1 and 2 readings will decrease

46. Refer to the drawing of a tank differentiai
pressure level detector (see Figure 1.2-5)

The level detector is being used in a level
contro! system that is calibrated to maintain
tank level at 80 percent at the current tank
temperature of 100°F. If tank temperature
gradually decreases and stabilizes at 70°F,
the level control system will cause actual
tank level to

remain at 80 percent

increase and stabilize above &0 percent
oscillate around 80 percent
decrease and stabilize below 80

percent

oowm»

FIGURE 1.2-5

TANK OPEN
TO ATMOSPHERE

o®
DETECTOR

Tank Differential Pressure
Level Detector

128
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47. Refer tu the drawing of a tank differential 50.

pressure level deteclor (Figure 1.2-5).

Tank water level indication will be lower than
actual leve! when reference lea ~mperature
s than calibratior. .«ditions or
when there is a break in the _leg
of the D/P cell

less; reference
less, variable
greater; referance
greater; variable

oOm>»

48 The theory of operation of a differential pres-
sure level detector using a wet Reference
leg may be described by the foliowing state-

ment. The pressure differential between a 51.

_ height of liquid and the pressure
sensed at the bottom of a tank is
proportional to the height of liquid in the tank

A known, directly
B. known, inversely
C. variable, directly
D variable. inversely

48 Many reactor water-level instruments are de-
signed with a condensing chamber in the
reference leg. The purpose of the
condensing chamber is 10

A. keep the reference leg filled by
condensing steam

B. provide pressure compansation for the
reactor pressure rxerted on the
variable leg

C. prevent reference leg flashing during a 52
rapid depressurization of the reactor
vessel

D. alleviate the need for density
compensation by keeping the reference
leg temperature close 1o the
temperature of the variable leg

1.2-9
BWH

Which of the following parameters deter-
mines the maximum level that can be indi-
cated by a reactor water-level instrument?

A The elevation of the differential
pressure cell in relation to the auxiliary
condensing chamber.

B The elevation of the reference leg
condensing chamber.

C  The level at which the reference leg
penetrates the reactor vessel.

D. The level al which the variable leg
penetrates the reactor vessel.

What is the reason for the reference leg be-
ing connected to the reactor pressure vessel
(RPV) instead of being filled by a water
source independent of the RPV?

A. To provide a vent path for the
nrevention of a reference leg rupture
during a rapid RPV depressurization.

B. To ;emove the need for density
compensation by keeping the reference
leg at the same temperature as the
variable leg.

C. To make the indicated level proportional
1o the square root of the differential
pressure between the reference and
variable legs for all reactor pressures.

D To provide compensation for the RPV
pressure exerted on the variable ieg.

A differential pressure level transmitter has
been calibrated for a specific gravity of one.
However, the tank liquid specific gravity is
less than one. The indicated tank level will
be

more than actual level
less than actual level
the same as actual level
indicating less than one

vow»
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SENSORS AND DETECTORS
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A differential pressure cell level detector
senses the differential pressure between a
Reference height of liquid and the pressure
at the bottom of a tank. This differential
Pressure is _ the level of liquid in
the tank.

an integrai worth of

a differential worth of
directly proportional to
inversely proportional to

oom>

. A differential pressure cell level detector

senses the differential pressure between a

; height of liquid and the pressure at
the bottom of a tank.

A. programmed
B. backup

C. Reference
D. vanable

A differential pressure cell level detector
senses the differential pressure between a
Reference height of liquid and

A. atmospheric pressure

B. programmed pressure

C. the pressure at the top of a tank
D. the pressure at the bottom of a tank

if the Reference leg on a level instrument
reached saturation conditions and began to
boil away, indicated level wouid

be higher than actual
be lower than actual
increase then decrease
not be affected

oCOoO®m>

57.

58.

1.2-10

A differential pressure cell with a wet refer-
ence leg maintained by a condensing pot is
used to measure level in a closed tank. An
increase in ambient pressure with no appre-
ciable change in termperature will cause the
differential pressure cell level indicator read-
ing to

indicate greater than actual level
indicate less than actual level
indicate the actual level
fluctuate at a lower level

oom»

A differential pressure cell with a wet refer-
ence leg maintained by a condensing pot is
used 1o measure level in a closed tank. A
vacuum in the building that contains the tank
and fts level instrumentation will cause the
indicated level 1o

A indicate greater . actual level
B. indicate less than actual level
C. indicate the actual level

D. fluctuate continuously

. If the variabie leg temperature of 2 differen-

tial pressure ievel cell is higher than the
calibration conditions, how will the indicated
level respond? Assume reterence leg is at
calibration temperature.

A Indicated leve! wiil be higher than actual
level.

B. Indicated level will equal actual level if
the reference leg temperature is at the
calibration conditions.

C. Indicated ievel will equal actual level if
the reference leg temperature is the
same temperature as the variabie leg.

D. Indicated level will be lower than actual
level.
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Questions
60. During emergency depressurization of the jh )
reactor vessel wide-range water level FIGURE 1.2-6
indication may be inaccurate
REFERENCE LEG
FiLL CONNECTION
A due to variable leg flashing ol e
B. unless the drywell is at calibration
conditions
|
C. fif there is not jet pump flow |
’ op De
D due to reference leg flashing DETECTOR DECTOR
61 Refer to the drawing of four differential REFERENCE LEG
pressure level detectors (see Figure 1.2-6) FilL CONNECTION
The tanks are identical and are being
maintained at 17 psia and 70 percent water
level (calibration conditions). They are
contained in a building that is open to
atmospheric pressure. R
Which of the level detectors will provide the _— -
lowest level indication if atmospheric A o7
‘ ~ pressure decreases”? Tank Differential Pressure
Level Detectors

A t1and3

B. 1and4 62. Refer 1o the drawing of four tank differential

C. 2and3 pressure level detectors (see Figure 1.2-6).

D 2and4

The tanks are identical with equal water
levels and pressurized to 20 psig. The
detectors were all calibrated at the current
tank temperature and 70°F ambient
temperature. Which detectors will provide
the most inaccurate level indication following
an increase in tank ambient temperature
from 70°F to 100°F7 (Assume tank
temperature does not change.)

A tand3
B 2and3
C 1and 4
D 2and3

. 1.2-11
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63. What is the effect on level indication of a

65

high ambient temperature at the Reference
leg of a level detector's differential pressure
ceil? (Assume a negligible change in aciual
variable level and Reference leg level )

A. Actual levei is higher than indicated
level.

B. Actual level is lower than indicated
level.

C. Actual level is same as indicaled level.

D. Indicated level slowly decreases 1o
zero,

An ambient temperature lower than calibra-
tion conditions for a Reference leg might
cause the differential pressure cell level indi-

cator reading to

A. be greater than actual level
B. be less than actual level
C. remain at a constant level
D. fluctuate at a higher level

An ambient temperature greater than cali-
brated conditions for a Reference leg on a
differential pressure cell level indicator might
cause the instrument to indicate

greater than actual level
less than actual level

no change from actual level
in a fluctuating manner

oom>

. A differerttial pressure cell level instrument

has failed, indicating a low-ievel condition.
The failure could be caused by a

A break on the Reference leg

B. rupture of the diaphragm in the differen-

tial pressure cell
C. Reference leg flashing to steam

D. break on the variable leg

67.

69.

70.

7.

1.2-12

8WR

A break in the Reference leg of a differential
pressure cell level instrume:t will cause the
indicated level to

be greater than actual level
ve less than actual level
remain constant

fluctuate

oow>»

. A break in the variable leg of a level detector

using a differential pressure cell will cause
the indicated level to

A. be greater than actual level
B be less than actual level

C. remain constant

D. fluctuate

A rupture of the diaphragm in a level detec-
tor's differential pressure cell will cause the
indicated level to

A. be greater than actual level

B. be less than actual level

C. remain constant

D. fluctuate

If the liquid in the Reference leg of a level
detector's differential pressure cell boils
away, the indicated level will

A. be greater than actual level

B. be loss than actual level

C. remain accurate

D. failasis

Which of the following failures could cause a

differential pressure (O/P) cell level instru-
ment to indicate lower than actual level?

A. differential pressure cell diaphragm rup-
ture

B. Reference leg rupture
C. variable leg rupture

D. equalizing valve seat isakage
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74
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SENSORS AND DETECTORS
Questions

Flow and level detectors use differential
pressure (D/P) celis to measure flow and
level. When a flow instrument D/P cell di-
aphragrm fails, the flow indication is 0. When
a wet reference leg level instrument D/P ceil
fatls, the level indication

willgoto 0

will indicate 100% (full range)
remains the same

will move slowly to 50% (midrange)

oom>»

A reactor water-level instrument uses a
reference leg with a condensing chamber
Which of the following events will result in an
upscale indication?

A. The reactor pressure increases rapidly.

B. The vanable leg breaks and completely
drains

C. The reference leg flashes to steam

D. The temperature of the reference leg
decreases significantly.

Reactor feedwater flow and vessel level
detectors use differential pressure (D/P)
cells 1o measure flow and level. If a level
D/P cell diaphragm fails, the level indication

A willgoto 0

B will slowly move to $0% (midrange)
C. will indicate 100% (full range)

D remains the same

What will the indication be when a level D/P
cell fails (O/P = 0)7

A 0% of full range
B 50% of full range
C. 75% of tull range
D. 100% of full range

76

77

79.

1.2-13
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Wrich one of the following failures of a wet
reference leg differential pressure (D/P) level
transmitter will cause #ts level indicator to
indicate the lowest level?

A. The D/P cell diaphragm rug ‘.ires
B. The reference leg ruptures

C. The variable leg ruptures.

D The equalizing iine ruptures.

The bourdon tube works on the principle that
when the pressure in the line decreases

A, the tube tends to straighten out

B. the free end tends to move away from
the center

C. spring action of the metal tube tends to
coil the tube

D. the tube expands to its oniginal shape

In a bourdon tube pressure detector, pres-
sure is measured using the change in the

A. location of the tip of the tube
B. length of the tube

C. cross-sectional area of the tube
D. volume of the tube

if the pressure sensed by a bourdon tube
increases, the curvature of the detector wiil
. because of the greanesi force

being appliedtothe _____ _ curve of
the detector.

increase; inner
decrease. inner
increase, outer
decrease, outer

com»
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80 in a diaphragm-type pressure detector, pres-

sure is measured using diaphragm deflection
due 1o

A. unequal temperature across the di-
aphragm

B process pressure overcoming spring
pressure

C. temperature expansion overcoming
spring pressure

D. flud rising in a column that does not
overfiow

81. A system has a simple bellows pressure de-

tector with its low pressure side vented to
containment atmosphere. If a main steam
line break raises containment pressure by 40
psig. the associated pressure indication
(disregarding any temperature effect on the
bellows) will

increase by the square root of 40 psig
increase by 40 psig
decrease by 40 psig

stay constant

oom>»

82. A system is monitored by a simple

diaphragm pressure detector with fis low
pressure side vented fo the containment. if
a main steam break raises containment
pressure by 20 psig, the system pressure
indication (disregarding any temperature
effect on the detector) will:

increase by the square root of 20 psig
decrease by the square root of 20 psig
increase by 20 psig
decrease by 20 psig

oom>»

83.

85

A bellows-type pressure transmitier iocated
in a building displays a downward shift in its
associated system pressure inawation. This
downward shift could be caused vy either
the building's pressure of the
system's pressure

—

A decrusmg decreasing

. A bourdon tube pressure detector located in

a building and vented to the building's atmo-
sphere reads 100 psig. An ambient tem-
perature increase of 100°F wili cause a
. Change in indicated pressure, and
an ambient pressure increase of 40 psig will
cause a _ __ change in indicated
pressure

A. significant. significant
B. negligible, significant
C. significant, negligible
D. negiigible, negligible

To measure level accurately, the variable leg
pressure of a differential pressure (D/P) ceil
should

A be equal to the Reference leg pressure

B be greater than the Reference leg pres-
sure

C. be less than the Reference leg pres-
sure

D. not have any relationship 1o the
Reference ieg pressure

86 Which of the following parameters is not

1.2-14

BWR

measured by differential pressure (D/P)
cells?

A level

B. temperature
C. pressure
D. flow
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Which one of the following parameters
requires sqguare rcol compensation when
measured by differential pressure (D/P)
detectors?

A reactor vessel level

B. condenser vacuum

C. reactor vessel pressure

D. recirculation pump flow rate

What change in level indication will be seen
if the associated D/P cell's equalizing valve
is opened?

A increase temporarily, then return to ini-
tial value

B. increase tc the maximum value

C. decrease temporarily, then return to ini-
tial value

D decrease to the minimum value

Which of the following statements is a cor-
rect description of the response of a differen-
tial pressure detector/indicator when the high
pressure input changes and the low pressure
input remains constant? As the high side
pressure input

A. decreases, indicated differential pres-
sure increases

B decreases. indicated differential pres-
sure decreases

C. increases, indicated differential pres-
sure decreases and can become nega-
live

D increases, indicated differential pres-
sure decreases 1o a minimum of zero

90. Which of the following statements is a cor-

91

1.2-15
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rect description of the response of a differen-
tial pressure Jetector/indicator when the low
pressure input changes and the high pres-
sure input remains constant? As the low

pressure input

A decreases, indicated differential pres-
sure decreases and could become
negative

B. changes, indicated differential pressure
remains constant because the high
pressure input is constant

C. increases, indicated differential pres-
sure increases

D. increases, indicated differential pres-
sure decreases and could become neg-
ative

Which of the following statements is a cor-
rect description of the response of a differen-
tial pressure detector/indicator when the high
or low pressure input changes?

A As the high pressure input increases
with the low pressure input remaining
constant, indicated differentizi pressure
dacreases.

B As the high pressure inputl decreases
with the low pressure input remaining
constant, indicated differential pressure
ncreases.

C  As the low pressure input increases
with the high pressure input remaining
constant, indicated differential pressure
decreases.

D. As the low pressure input increases
with the high pressure input remaining
constant, indicated differential pressure
INCreases.
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A differential pressure indicator is used to
monitor condenser pressure, with atmo-
spheric pressure as the high pressure input,
and condenser pressure as the low pressure
input. Which of the following statements is
correct as 1o indicated pressure? The indi-
cated pressure would

A decrease as condenser vacuum de-
creases

B. decrease as condenser vacuum in-
creases

C. increase as condenser absolute pres-
sure increases

D. decrease as condenser absolute pres-
sure decreases

Refer to the drawing of a bellows-type differ-
ential pressure cell (Figure 1.2-7): The
spring in this D/P cell weakens afier re-
peated long-teim use. If the actual differen-
tial (high to low) pressure was constant, how
would indicated differential pressure respond
as the spring weakens? Indicated D/P

A.  would not change uniess the pressure
at the low pressure tap exceeded the
pressure at the high pressure tap

8. would increase because the high pres-
sure would compress the spring more

C. would decrease because the high pres-
sure would compress the spring more

D. would increase because the spring
would expand more

L

\
FIGURE 1.2.7
Bellows - Type Differential
Pressure Detector i

94,

95,

1.2-16
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A bourdon tube pressure detector that is
indicating 50 percent of scale is suddenly ex-
posed 10 a pressure transient that extends
the detector 75 percent beyond its up-
per-range value. Actual pressure returmns to
fts original value. Assuming the detector re-
mains intact, the affected pressure indication
will initially go offscale high and then would

A. become unpredictable until the instru-
ment is calibrated

B. return to a pressure less than original
pressure

C. retumn to original pressure

D. return to a pressure greater than ongi-
nal pressure

A properly adjusted 0-10-200 psig di-
aphragm-type pressure detector reading 100
psig develops a leak in the diaphragm. The
most likely final pressure indication observed
by an operator would be

greater than 100 psig
lower than 100 psig
200 psig

offscale high

oom»

November 1993



97

98

99

SENSORS AND DETECTORS
Questions

If a resistance temperature detector (RTD)
develops an open circuit (bridge circuit re-
mains intact), indication will fail

A. high

B. low

C asis

D. to mid-scale

What wouid typically be the result of a resis-
tance temperature detector (RTD) shorting?

A. Indication would fail to mid-scale
B. Indication would fail as is.

C. Indication would fail high.

D. indication would fail low.

An open circult in a thermocouple causes the
temperature indication to fail

A hig
B low
C. to mid-scale
D asis

A correct statement regarding thermocou-
pies is that they

A.  will indicate low offscale with an open
circuit at the sensing junction

B. are more accurate than resistance
temperature detectors

C. are made up of two similar metals in
contact at one end, called the hot
junction

D. are based on the inherent characteristic
of metals. a change in electrical resis-
tance occurs when a change in
temperature occurs

100. An operator si spects that a steam line

101.

102.

1.217

BWR

temperature 'astrument reading is not cor-
rect. A recently calibrated pressure gauge
sensing steam pressure for the same steam
line indicates 351 psig. Assuming the sys-
tem is operating at saturation pressure,
what is the temperature reading?

A 424'F
B. 428°F
C. 432°F
D 436'F

Which of the following correctly describes a
characteristic of a thermocouple?

A Indication will fail high offscale with an
open circuit.

B. They are generally more accurate than
resistance temperature detectors
(RTDs).

C. A junction between two dissimilar
metals will generate a voltage
proportional to temperature.

D. A junction between two dissimilar
metals will result in a change in
electrical rasistance proportional 1o
temperature.

When comparing a thermocouple 1o a

resistance temperature detector (RTD), the

thermocouple

A measures temperature less accurately

B. requires an external power supply for
operation

C. is unable to withstand high
temperatures

D. responds much slower 1o a temperature
change
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in contrast to a thermocouple, a resistance
temperature detector (RTD)

A. is used in high temperature applications

B. does not require an external power
supply for temperature indication

C. uses a single type of metal in the
sensing element

D. is commonly placed in direct contact
with the monitored substance

An automatic tank levei controller uses a
potentiometer for manual adjustment of the
level setpoint which is currently 60 percent
An operator increases the potentiometer
setting to lower the ievel setpoint signal to a
value previously known to maintain tank
level at 50 percent. However, actual tank
level stabilizes at 40 percent. The most
‘kely cause is that

A. The potertiometer slide bar has
developed a thin film of corrosion,
therby increasing the resistance of the
potentiometer.

B. The potentiometer wiper has lost
contact with the slide bar, thereby
allowing only fine setpoint adjustments.

C. The potentiometer wiper and slide bar
have deveioped a short circuit, thereby
decreasing the resistance of the
potentiometer.

D. The potentiometer locking device has
not been released, thereby allowing
only course setpoint adjustments.

105.

106

107.

1.2-18

BWR

Draw the gas-filled detector characteristic
curve. Label the axes and identify each of
Six regions.

Describe how and why detectors operating
in each of the foliowing regions respond to
incident radiation. Explain the effect of
increasing applied voltage within each
region.

a. ionization chamber region
b. proportional reqion

Refer to the drawing of a gas-filled detector
charactenstic curve (Figure 1.2-8).

Which of the following statements describes
how gas-filled radiation detector, operating in
the "proportional” region, functions?

A. Essentially all of the ions from primary
ionizations are collected. lons collected
from secondary ionizations are

independent of applied voltage.

B. Essentially none of the ions from
primary ionizations are collected. lons
collected from secondary ionizations
vary directly with applied voltage.

C. Essentially all of the ions from primary
ionizations are collected. lons collected
from secondary ionizations vary directly
with applied voltage.

D. Essentially none of the ions from
primary ionizations are collected. lons
coliected from secondary ionizations
are indopendent of applied voltage.
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108. Refer to the drawing of a gas-filied detector
characteristic curve (see Figure 1.2-8).

What is an advantage of operating a fission
chamber neutron detector with a voltage at
the high end (vice low end) of the
proportional region?

A

BWR

Gas amplification will be minimized,
which will prolong detector life

The difference between the magnitude
of neutron and gamma pulse heights
will be larger, which improves gamma
compensation,

The space charge effect will be
minimized, which ensures that detector
output is directly proportional to the
number of ionizing events.

A greater number of primary ionizations
will occur from a given radiation field,
which increases the sensitivity of the
detector

112

113.

1.2-19

Questions
' 7 109. Most of the electrons collected in a fission
FIGURE 1.2-8 chamber are released as a result of ioniza-
| | : r tions caused directly by
| /
! J | | J A fission fragments
@ ' | | B fission gammas
N | C. fission betas
O ! D. fissionable materials
Log of on Pars | ; [ 5// |
ot | ot ~ | 110. A fission chamber is lined with
’V /B d l andfiledwith _____ gas
d ' -
ARNENN A U238, nlum
) v : B. U493 hydrogen
Cas-ied Detectar ' C. U235 argon
; D. U238 nitrogen
Gas-filled Detector 111. What is the function of the positive
Characteristic Curve P

eiectrode in an ion chamber?

A Produce ions when exposed 10 a
radiation field.

B. Collect the electrons released during
gas ionization.

C. Peroim gas quenching to maximize
detector sensitivity.

D. Release electrons to combine with
posittive ions.

A gamma, upon entering a fission chamber,
reacts with the

A. coating on the cylinder
B. outer cylinder

C. center electroce

D. detector gas

Gamma radiation contributes to the output
of a fission chamber by reacting primarily
with the

A, U-235 coating on the detector walls
B detector leads

C. center electrode

D detector gas
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SENSORS AND DETECTORS

Questions

The detection of neutrons with an ion cham-

ber requires some type of special feature
within the detector, since neutrons are not
directiy ionizing particies. Which of the fol-
lowing features is used to allow neutron
detection by an ion chamber?

A Line the inside of the detector with
polyethylene

B. Line the inside of the dewector with
boron-10.

C. Encapsulate the detector with polyethy-
lene.

D, Encapsulate the detector with boron-10.

The inner surface of a fission chamber is
lined with ., which allows neutron
detection.

A. Ug0g - 90 percent enriched in U235
B. U30g - natural enrichment

C. Pug0g - 90 percent enriched in Pu239
D. PugOg - naturc, enrichment

The average power range monitor display
uses a scale with a range of 0-125 percent

of rated

A main generator instantaneous capacity
B main generator continuous capacity

C. reactor thermal power

D. detector monitoring capability

Explain why variations in applied voltage do
not significantly affect the output of the
pOWer range moniors

118

119.

120.

121,

1.2-20
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A fission chamber reactor neutron
monitoring instrument is operating in the
ionization region. if the voltage supplied to
the fission chamber is continuously
increased, which one of the following
operating regions will the detector enter
next?

A proportional

B. recombination

C. limited proportional
D. Geiger-Mueller

A fission chamber neutron monftoring
instrument is operating in the proportional
region uf the gas ionization curve. !f the
voltage supplied to the fission chamber is
continuously decreased, which one of the
following operating regions wili the detector
enter next? :

A Geiger-Mueller
B. recombination

C. limitec! proportional
D. ionization

To prevent source range monitor detector
failure during og eration at power, the

A. voltage applied to the detector is re-
moved

B. detector output is balanced by an equal
applied reverse voltage

C. detectors are physically shielded

D. detectors are physically removed from
the reactor

A figsion chamber reactor neutron
monitoring instrument is operating in the
proportional region. if a complete loss of
fission chamber gas pressure occurs, the
instrument indication will fail

upscale
downscale
asis

to midscale

COm>»
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Which one of the following will cause an
upiscale fatlure of a fission chamber neutron
detector?

A The detector electrode high voltage
power supply cutput has decreased due

1o setpoint drift.

B The power supply to the amplifier
circuits for the neutron monitoring
instrument drawer has failed

C. The detector chamber has become
flooded with water due to laakage
around the electrodes.

D. The uranium-235 in the detector
coating has been transformed to
uranium-236 by neutron absorption.

“*fhich of the following best describes the
reascn for the high sensitivity of a
Geiger-Mueller tube radiation detector?

A.  Any incident radiation event causing pri-
maary ionization results in ionization of
t"e entire detector.

B. Geiger-Muelier tubes are longer than
other radiation detector types, resulting
in greater detector sensitivity.

C. Changes in applied detector voltage
have littie effect on detector output.

D Kinetic energy of alpha particies can be
detected, resulting in higher “ensdivity.

Geiger-Muelier tube radiation detectors are
able to

A. discriminate between neutron and
gamma radiation

B discriminate between gammas of differ-
ing energies in the Mev range

C. provide increased output when applied
voltage is increased

D make use of gas amplification

125.

126.

127

128.

129
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Which type of radiation detector is the most
sensitive 1o low level gamma radiation?

A ion chamber
B Geiger-Mueller
C. recombination
D proportional

Scintillation detectors operate on the prin-
cipie of

A photodisintegration
B. photokinesis
C. luminescence
L. gas multiplication

Scintillation detectors convert radiation
energy into light by a process known as

A gas amplification
B. space charge effect
C. luminescence

D. photoionization

In an ion chamber radiation detector, if the
electric field strength is increased within the
ion chamber region, the total number of
ions detected _________, and the ions col-
lected in the ion chamber are
incident gamma radiation level.

A. increases, independerit of
B. stays the same: independent of
C. increases; proportional to
D. stays the same; proportional to

Which of the following types of radiation s
the major contributor to the dose indication
on a self-reading pocket dosimeter
(SPRD)? (aiso called SRD, PIC, and direct
reading dosimeter)

A Alpha
B

C. Gamma
D. Neutron
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130. An ion chamber radiation detector is
exposed to a constant gamma radiation
field. If the applied voltage is increased but
maintained within the ion chamber region
the rate of 1on collection will

A increase because more secondary
ionizations are occurring in the detector

B. stay approximately the same because
all of the primary ions were already
being collected at the lower voltage

O

increase vecause less primary ions are
recembining in the detector prior to
reaching the electrodes

D. stay approximately the same because
the ion chamber is operating at
saturated conditions

131. Before using a portable radiation survey in-
strument, four checks should be performed.
Which of the following is not one of the typi-
cal preoperational checks?

A. battery check

8. leak check

C. visual inspection

D. calibr »' n date check

132. What me?’, .d is used to deterr “ ~"“~¢ dose
recorded by a thermolumir ¢/ simeter
(TLD)?

A Hold it uptothe light, a.  .cugh the

lens check the position of «he fiber
against an internal transparent scale.

B. Press the "read” button on the TLD,
and read the dose directly on the exter-
nal digital readout.

C. insert it into a TLD reader, which heats
the TLD and measures the light emitted
from the dosimeter.

D. Hold the TLD up to the light, and mea-
sure the degree ol darkening ui tha
TLD crystal.

133. Which of the following statements describes
the use of a self-reading pocket dosimeter
(SRPD)?

154

135.

1.2-22
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A

SRPDs can be used to record beta and
gamma radiation.

The output of an SRPD is a dose rate
in mt/hr.

SRPDs maintain their readings indefi-
nitely when removed from a radiation
field

SRPD readings must be considered
inaccurate when SRPDs are dropped

in contrast 1o a thermocouple, a resistance
temperature detector (RTD):

A

is used in high temperature applications

does not require an external power
supply for temperature indication

uses a single type of metal in the
sensing element

is commonly placed in direct contact
with the monitored substance

Refer to the drawing of a venturi flow
element (see figure 1.2-9).

Where should the high pressure tap of a
differential pressure flow detector be
connected?

oom>»

Point A
Point B
Point C
Point D
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FIGURE 1.2-8

LA B cC D
| '\._'L ‘.L.-—*"‘J=
Tt

Venturi Flow Element

136. Given the equation for mass flow rate:
m=p X A xV, where:

m = mass flow rate (lbm/sec)
p = density of flowing fluid (Ibm/f3)
A = cross section of channel of fluid (#12)

V = average velocitv of flowing fluid
(f'sec)

if air 1s introduced (dissolved) into a flowing

liquid. then the mass fiow rate of the liquid

will due to the change in the
of the liquid.

increase; densiy
decrease; density
increase; velocity
decrease; velocity

cow>»

137. Refer to the drawing of a tank differential
pressure (D/P) level detector (see figure
1.2-10)

The level detector is being used in a level

control system that is calibrated to maintain

tank level at B0% at the current tank
temperature of 100°F. if tank temperature

remain stable at 80%

increase and stabilize above 80%
oscillate and then stabilize at 80%
decrease and stabilize beiow 80%

Dow>»

FIGURE 1.2-10

Reference Leg
Fill Connection

x BT

=

ASAASRAAS LA A AS

\\-\

————g

oP
Detector

Tank Differential Pressure

Level Detector
o _J

138. What is the most common type of position
sensor used to provide remote indication of
a valve that is normally fully open or fully
closed?

A. Limit switch
B. Reed switch

C. Linear variable differantial transformer
{LVDT)

D. Servo transmitter

139 Upon entering a fission chamber, a neutron
will most likely react with the:

coating on the cviinder
outer cylinder
center elactrode

gradually increases and stabilizes at 150°F,
the level control system will cause ACTUAL
tank level to:

BWR

ocom»

detector gas
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Questions

. A gas-filled radiation detector operating in
the proportional region is exposed to a
constant gamma radiation fieid. if the

143. Which one of the following describes a
characteristic of a Geiger-Mueller radiation
detector?

applied voltage is increased but maintained
within the proportional region, the rate of ion

coliection will:

A increase because more secondary

ionizations are occurring in the detector

B stay approximately the same because

all of the primary ions were already
being collected at the lower voltage

C. increase because fewer primary ions

are recombining in the detector prior 1o

reaching the electrodes

D. stay approximately the same because
the ion chamber is operating at
saturated conditions

Refer to the drawing of a ventun flow
element (see figure 1.2-8)

A differential pressure (D/P) detector

maeasuring flow through the venturi shouid
have its high-pressure tap connected at

point and its low-pressure tap
connected at point to measure the
greatest D/P

A A B

B AD

C. B.C

D. B.D

Refer to the drawing of a tank differential
pressure (D/P) level detector (see
figure 1.2-10)

The D/P sensed by the detector is
proportional to the
the tank. (Assume a constant mass in the
fank.)

A directly; height
B. inversely, height
C. directly; temperature
D. inversely. temperature

BWR

144

of the water in

12-24

A

Radiation types can be identified by
pulse height and duration.

Specific radionuclides can be identified
with the use of gamma spectrumetry.

Small voltage transients will result in.
large changes in detector output.

A single gamma interaction will produce
the maximum useful output from the
detector.

Refer to the drawing of a reactor vessel
differential pressure (D/P) level detector
(see figure 1.2-11).

The D/P detector was calibrated at the
current conditions. Which ane of the
following will cause the level instrument to
indicate lower than actual level? (Assume
actual level remains the same )

A

B

The variable leg ruptures.

The equalizing valve is opened.

The reference leg temperature
increases.

The differential pressure cell diaphragm
ruptures.
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Figure 1.2-11

Reactor Vesse!

Reactor Vessel Differential
Pressure Level Detector

145 Refer to the drawing of four tank differential

pressure level detectors (see figure 1.2-12).

The tanks are identical and are being
maintained at 17 psia and the same
constant water level. They are surrounded
by standard atmospheric pressure. The
water in the tank and reference leg is at the
same temperature.

if each detector experiences a ruptured
diaphragm, which detactor(s) will cause
indicated tank level to decrease? (Assume
actual tank water level re! nains constant.)

no. 1and 3
no. 2and4
no. 1 only
no. 2 only

Dom»

1.2-25
BWR

FIGURE 1.2-12

REFERENCE LEG
FiliL CONNECTION

REFERENF LEG
FilLL CONNECTION
]

Tank Differential Pressure
Level Detectors

146. Refer to the drawing of four identical tank

differential pressure level detectors (see
figure 1.2-12).

The tanks are identical and are presently at
2 psig overpressure and the same constant
water level and a temperature of 60°F,
They are surrounded by atmospheric
pressure. All level detectors have been
calibrated and are producing the same level
indication. A leak in the iop of each tank
causes a complete ioss of overpressure in
both tanks.

Which level detector(s) will produce the
lowest level indication.

A 1
B 2
C t1and 4
D. 2and3
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in addition te the correct answer, a brief
explanation of the answer ( if needed for
clarity), is provided along with a reference
for each question/answer. Reference
numbers are keyed to the iist of references in

Appendix B,

O

The general energy equation requires that
pressure decrease as velocity increases (in a
converging nozzie) and that pressure increase
with decreasing velocity (in a diverging nozzle)

Reference 57, chapter &, pages 18 and 19

2. A

Reference 57, chapter 5, pages 18 and 19

3 D

Reference 57, chapter 5, pages 18 and 18

4 B

Reference 57, chapter 5, pages 18 and 19.

5 C

Reference 57, chapter 5, pages 18 and 19.

6 A

Taking into account the friction loss as the liquid
flows through the pipe will result in a slight
decrease in pressure

Reference 57, chapter 5, pages 18 and 19.

7 A

Reference 57, chapter §, pages 18 and 19.

1.2-26
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8 A

If the density input to a density-compensated
flow detector fails high, the instrument will see a
higher flow for the same D/P across the flow
restriction.

Reference 43, chapter 12, page 198

9. A

Reference 43, chapter 12.

10. A

Reference 43, chapter 12.

11.C
Taking into account the density change will allow

a mass flow rate to be derived from a volumetric
fiowrate.

Reference 43, chapter 12, page 198.

12. B

Taking into account the density change of a
substance will change a volumetric flow rate to a
mass flow rate calculation.

Reference 43, chapter 12, page 198.

13.C

If the density input on a density compernsated
flow detector fails low, the flow indicated by the

detector will be less than actual flow.

Reference 43, chapter 12, page 198
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140

An increase in the density of a fluid at a given
veiumetric flow rate equates to an increase in
mass flow rate.

Reference 43, chapter 12, page 197

15. A

The flow element produces a D/P that is directly
proportional to the volumetric fiow rate. Density
compensation allows conversion 1o mass flow
rate,

Reference 43, chapter 12

16. B

The dissolved air would decrease the density of
the fluid, causing a lower mass flow rate for a
given voilume flow rate.

17. B

18.D

A small amount of gas passing through the flow
sensor will cause pressure fiuctuations. These
pressure fluctuations will be picked up by the
D/P cell and will show up as fluctuations on the
flow meter.

Reference 43, page 199

19 A

Gas or steam bubbles in a liquid flow detector
will cause fluctuations in the pressure that will be
felt in the D/P cell. These fluctuations will be in-
dicated as fiow fluctuations.

Reference 43, page 199

20.D

(Gas or steam bubbies in a liquid flow detector
will cause pressure fluctuations that will be felt
by the D/P cell and indicated by fluctuations.

Reference 43, page 199

21. B

it the high pressure sensing line on a D/P fiow
detector leaks, the D/P between the high and ‘ow
pressure tap will decrease, indicating less firw.

Reference 43, page 199

22. A

If the low pressure sensing line on a D/P flow de-
tector leaks, the D/P between the high and low
pressure taps will increase. This is due to the
low pressure tap reading lower than normal.

This increase in D/P will cause an indicated in-
crease in flow.

Reference 43, page 199

23. B
The rupture of the diaphragm in a D/P flow sen-

sor will decrease the sensed (/P toward zero.
This will result in indication of less flow.

24 C

Opening the equalizing valve on a D/P flow de-
toctor wili cause sensed D/P to go 10 zero.

Therefore, the indicated flow will be zero.

Reference 53, page 1.4-3.

1227
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25 B

If the orifice or fiow nozzle in a D/P flow detector
wears 10 a larger size. then the indicated flow will
decrease slightly due to the decrease in D/P
across orifice

26. A

With a ruptured diaphragm, the D/P cell will
detect zero differential pressure and will indicate
zero flow

Reference 43, page 199

27. A

Reference 43, page 199

28 A

Reference 43, page 199

20. C

Reference 43, page 199

30. A

Reference 43, page 199.

31.8

Beliows-type differential pressure detector
measures differential pressure by measuring
how much the bellows compresses. If the spring
weakens then indicated D/P will increase due to
more COmpression.

32 C

Centrifugal force and impingment create a high
pressure area at the outer pipe radius. Points
"A" and "D" are not used in an elbow flow meter

Reference 35, page 2-23, figure 2-19.

33. B

Centrifugal force away from the inner pipe radius
creates a low pressure area. Points "A" and D"
are not used for an elbow flow meter.

Reference 35, page 2-23, figure 2-19.

34 C

A fiow detector has a high pressure tap and a
low pressure tap which develops a D/P. The
flow velocity is directly proportional to the square
root of the D/P.

Reference 43, page 58.

3% B

The flow velocity is proportional to the square
root of the D/P.

Reference 43, page 58.

3 D

D/P is proportional to velocity squared. There-
fore, ff the velocity doubles, O/P would increase
b';'.'.c‘afd‘.

Reference 43, page 197

a7.D

Reference 43, page 187

1.2-28
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38.C

Reference 43, page 58.

39. A

Since no water was added or drained, the D/P
cell sees no more mass ( pressure) due to the
fluid above it. The actual level surely goes up,
however the indicated level remains the same.

40. C

Since no water was added or drained, the D/P
cell sees no more mass ( pressure) due to the
fluid above . The actual level surely goes up;
hovsever, the indicated level remains the same.
41. D

The reduction in temperature increases the
water's density. Therefore, the height of water
nacessary 1o produce a given pressure at the
O/P cell is reduced. The control systemn will
maintain level at this lower value to maintain D/P
at a constant vaiue.

42 B

The detector calibrated for less dense water will
always read higher.

43 B

Detector calibrated for temperatures less than
actual temperature reads low

44, A

45 B

46. D

47. B

Reference 70, chapter 2, page 87.

48 B

The D/P cell is the most commonly used level

sensor. If the pressure generated by a known
(fixed) height of liquid is compared to the pres-
sure generated at the bottom of a tank, the ¢ -
ference of these pressures is inversely propc r-
tional to the level of liquid in the tank.

Reference 70, chapter 2, page 87.

45 A

50. C

51.D

52. B

if the density of a liguid in a tank is less than
one, then more water {volume) is nee.ad in the
tank as compared to liquid with a density of one
to have the same level indication.

Reference 70, chapter 2, page 88.

53. D

The D/P cell is the most cormmonly used leval
sensor. If the pressure generated by a known
{fixed) height of liquid is compared to the pres-
sure generated at the bottom of a tank, the dif-
ference of these pressures is inversely propot-
tional 1o level of lkyuid in the tank.

Reference 70, chapter 2, page 87.

1.2-29
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54. C

The D/P cell is the most commonly used level

sensor. If the pressure generated by a known
(tixed) height of liquid is compared to the pres-
sure generated at the bottom of a tank, the dif-
fererice of these pressures is inversely propor-
tional to the level of liquid in the tank

Reference 70, chapter 2, page 87.

55. D

The D/P cell is the most commonly used level

sensor. If the pressure generated by a known
{fixed) height of liquid is compared to the pres-
sure generated at the bottom of a tank, the dif-
ference of these pressures is inversely propor-
tional to the level of liquid in the tank.

Reference 70, chapter 2, page 87.

56. A

if inventory in the Reference leg is depleted, the

pressure exerted wouid be less on the high pres-
sure side of the D/P sensor, indicating lower D/P
and therefore a higher level.

Reference 35, page 2-32.

§7. C

Increasing ambient pressure has no effect on
D/P cell level instruments because both sides of
the D/P cell are open to the vessel or tank.

Reference 70, chapter 2, page 88.

58. C

Decreasing ambient pressure has no effect on
D/P cell level instruments because both sides of
the D/P cell are open to the vessel or tank.

Reference 70, chapter 2, page 87.

58. D

The higher temperature will reduce the density of
the water in the variable leg. Therefore, the
pressure exerted for a given height of liquid is
reduced, resulting in an inaccurately low level
indication.

Reference 70, chapter 2, page 87.

60. D

The depressurization could reduce pressure
below saturation for the reference leg
temperature, causing water in the reference leg
to flash to steam.

Retference 35, page 2-32.

61. B

Reference 70, chapter 2, page 88.

62. A

Reference 70, chapter 2, page 87.

63. B

An increase in ambient temperature will cause
the density of the Reference ieg of a D/P cell to
decrease. This results in a lower D/P sensed by
the D/P cell, which results in a higher indicated
level

Reference 70, chapter 2, page 87.

64. B

A decrease in ambient temperature will cause
the density of the Reference leg of a D/P cel! to
increase. This results in a higher O/F sensed by
the D/P cell, which results in a lower indicated
level

Reference 70, chapter 2, page 87.

1.2-30
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65 A

An increase in ambient temperature will cause
the density of the Reference leg of a D/P cell to
decrease This results in a lower D/P sensed by
the D/P cell. which results in a higher indicated
ievel.

Reference 70, chapter 2, page 87

66. D

A break in the variable leg of a D/P cell will result
in a maximum AP being sensed by the D/P cell,
and the level instrument will indicate a low level

Reference 70, chapter 2, page 87.

67. A

A break in the Reference leg of a D/P cell will re-
sult in a minimum AP being sensed by the D/P
cell, and the level instrument will indicate a level
higher than actual level

Reference 70, chapter 2, page 87.

68 B

A break in the variable leg of a D/P cell will result
in an increase in the AP being sensed by the D/P
cell; therefore, the level instrument will indicate a
level that is lower than actual level.

Reference 70, chapter 2, page 87,

69 A

A ruptured diaphragm of a D/P cell will result in a
dacrease in the AP being sensed by the D/P cell,
and the level instrument wili indicate a level that
is higher than actual leve!

Reference 70, chapter 2, page 87

70. A

The pressure of the Reference leg fluid de-
creases when it boils off. This results in a de-
crease in AP as sensed by the D/P cell, which
results in a higher indicated level.

Reference 70, chapter 2, page 88.

i Pt~

A break in the variable leg of a D/P cell will result
in a maximum AP being sensed by the LV/P cell,
and the level instrument will indicate a low level
All other choices result in a minimum AP being
sensed by the D/P cell and the ievel instrument
would have indicated a high levei.

Reterence 70, chapter 2, page 87.

72.B

The diaphragm failure reduces D/P to zero. A
wet reference leg instrument with zero D/P
indicates maximum level.

73.C

Flashing to steam reduces the pressure on the
reference leg (high powered) side of the D/P cell,
causing D/P 1o decrease and indicated level to
increase.

74. C

The diaphragm failure reduces D/P to zero. A
wet reference leg instrument with zero D/P
indicates maximum level.

75.D

The diaphragm failure reduces D/P to zero. A

wet reference leg instrument with zero D/P
indicates maximum level.

12-31
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76. C

A rupture in the variable leg reduces pressure on
the low pressure side of the D/P cell, which
indicates a correspondingly low level.

77. C

Increasing pressure tends 1o straighten the tube.
Decreasing pressure allows the tube to coil back

up.

Reference 35, page 2-12

78 A

When an internal pressure is applied, the tip of
the tube will straighten out. The motion of the tip
varies with the exerted pressure and is calibrated
in terms of pressure,

Reference 78, page 11-14.

79.D

Reference 35, page 2-12.

80. B

The amount of movement of the diaphragm is
proportional to the applied pressure. The axial
deflection of the detector is used to generate
meter movement.

Reference 78, pages 11-12 and 11-13.

81. C

if containment pressure rises by 40 psig, the de-
tector responds as if process pressure had
dropped by approxirnately 40 psig.

Reference 74, pages 7-14 and 7-15.

82.D

Reference 74, pages 7-14 and 7-15.

83 D

If containment pressure increases, the detector
responds as if process pressure had dropped.

Reference 74, pages 7-14 and 7-15.

84 B

Bourdon tube pressure transmitters are usually
made of materials with a very low temperature
coefficient of expansion; hence, a high tempera-
ture condition does not cause any variance in the
dimensions of the bourdon tube.

If containment pressure rises 40 psig, the detec-
tor indication drops by 40 psig. This error could
be large at reduced system pressure (e.g.. 100
psig). The detector output in this case is signifi-
cantly reduced,

Reference 74, pages 7-14 and 7-15.

85. C

Reference 57, page 78.

86. B

Reference 57, pages 22, 23, and 78.

87.D
Reference 57, pages 22, 23, and 78.

88 B
Minimum D/P corresponds 1o maximurn level.

Reference 57, pages 23 and 24.

1.2-32
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89. B 92 A
AP = Py, - P As condenser vacuum decreases, condenser

As Py, decreases, AP decreases (eliminates
answer A}

As Py, increases, AP increases (eliminates
answers C and D)

Reference 35, page Z-13; and Reference 36,
page 9-2

9. D

AP = Ph # Pl

As P| decreases, AP increases eliminating "A".
As P|increases, - Pj decreases; AP decrsases
and couid become negative, eliminating "B and
-C».

Reference 35, page 2-13; and Reference 36,
page 9-2.

91. C

AP = Py - Py

As Py, increases, AP increases, eliminating *A "
As Py, decreases, AP decreases, eliminating "B "

As P, increases, AP decreases, eliminating "D*
and leaving "C "

Reference 35, page 2-13; and Reference 36,
page 9-2.

absolute pressure increases. An increase on the
low pressure side of a D/P cell causes indicated
differential pressure decrease.

Rcterence 35, page 2-13; and Reference 36,
page 9-2

93. B

The spring must be on the low pressure side so
that the bellows wili return to original configura-
tion as AP increases; a weakened spring causes
the spring to compress more and indicated AP to
increase.

Reference 35, page 2-13; and Reference 36,
page 9-18.

94 D

If the bourdon tube is overranged, pressure is
applied to the point where it can no longer return
to #ts original shape. Most gauges are designed
to handle approximately 35 percent beyond
upper range without damage. At 75 percent, the
gauge would be deformed and would not return
to its original shape, the indication wouki then re-
turn to some value greater than original.

Reference 03, page 43.

95. B

If a leak develops in the diaphragm, pressure
across the diaphragm equalizes. This yields
zero diaphragm deflection and zero pressure
reading assuming proper zero adjustment with
both low and high pressure chambers vented to
atmosphere.

Reference 03, pages 45 and 46

1.2-33
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96 A

it an RTD fails open, the bridge develops a maxi-

mum output and indicates a maximum
temperature,

Reference 74, chapter 6, page 10.

97. O

If an RTD shorts to ground, the bridge develops
a minimum output and indicates a minimum tem-
perature.

Reference 74, chapter 6, page 10

98 B

If an open develops in a thermocouple circuit, no
path for current flow exists, and no electromotive
force (emf) is developed. No emf means failed
low temperature indication.

Reference 03, pages 130 through 134

98 A

A thermocouple operates on the principle that a
voltage is developed when two dissimilar metals
are joined and there is a temperature difference
between that junction and a reference junction.
The voltage produces a current, which falis to
zero it an open circuit occurs.

Reference 03, pages 130 through 134

100. D

From steam tables, the saturaiion temperature
for 365 psia (351 psig) is approximately 436°F

Reference 10

101. C

A thermocouple operates on the principle that a
voltage is developed when two dissimilar metals
are joined and there is a temperature difference
between that junction and a reference junction.

Reierence 03, pages 130 through 134

102. A

Reference 03, pages 130 through 134,

103. C

Reference 03, pages 130 through 134

104. A

105.

i FIGURE 1.2-13 ]

Proporional
Continuous Discharps

1.2-34
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Reference 76, page 5-7

106

in all regions, incident radiation interacts with the
material in the detector 1o produce ion pairs.

lonization Chamber Region - The ion pairs
produced by the incident radiation are all
collected on the detector electrodes. However,
the applied voltage and resultant ion acceleration
are too low tc cause secondary lonization.
Therefore; increasing voltage wili not affect
detection output.

Proportional Region - The voltage applied to the
detector is adequate to accelerate primary ion
pairs enough to cause additional (secondary)
ionization. This results in "gas amplification,” in
which each primary ion pair creates additional
ions, amplifying the resultant output. The higher
the applied voltage, the greater the gas
ampiification.

107. C

Reference 76, page 5-7.

108. B

Reference 21, Instrumentation and C ~.itrol, page
3-11.

109. A

Neutrons react with the uranium in the coating to
cause fission. The fission fragments ionize the
argon gas causing electrons to be released,
which are then attracted to the positive electrode
for detection.

110. C

Fission chambers utilize U235 in oxide form with
a quench gas of argon,

111. B

As a gamma enters. it c2''ses ionization of the fill
gas, releasing electrons in .he vicinity of a posi-
tive potential electrode, which attracts them to-
wards it, causing a deviation in the current ap-
plied or a current to flow.

112. D

As a gamma enters, it causes ionization of the fili
gas, releasing electrons in the vicinity of a
positive potential electrode which attracts them
towards it, causing a deviation in the current
applied or a current to flow.

113. D

114. B

The detector must contain a material with which
the neutron interacts and results in the produc-
tion of ions. The most common target material is
boron. The boron-10 component of an ion
chamber detector is typically in the form of a
coating on the inner wall of the detector.

Reference 76, pages 5-12 and 5-13.

115. A

The fission chamber employs U30g enriched to
about 90 percent UZ35,

Reference 76, page 5-43.

116.C

1.2-35
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SENSORS AND DETECTORS
Answers

117

The power range monitor detectors operate in
the ion chamber region of the six-region gas-
filled detector characteristic curve. In this region,
the applied voltage is sufficient 1o collect virtually
all of the ion pairs created, yet is not so great as
to produce secondary ionizations. Therefore,
increasing the voltage wili not cause collection of
additional ion pairs (as long as the voltage
increase does not shift the detector into the
proportional region), and decreasing voltage will
not prevent collection of all ion pairs (as long as
voltage is not decreased into the recombination
region)

Reference 21, instrumentation and Control, page
3-11.

118. A

Reference 21, Instrumentation and Control, page
3-11,

119. D

Reference 21, Instrumentation and Control,

pages 3-11.

120. D

121. B
if gas is nol present the amplification of the
signal created by the fission will not occur.
122 C

The presence of waler will cause the detector to
short circuft causing the signa: 1o go upscale.

123 A

Any incident radiation event causing primary ion-
ization in the tube results in the ionization of the
entire gas volume. This characteristic makes the
detector highly sensitive.

Reference 76, pages 5-28 and 5-29.

124. D

Answers A, B, and C are the opposite of actual
G-M tube characteristics. Although it is very
sensitive to radiation, a G-M tube cannot discern
the energy of the radiation event. The tube
simply counts events.

Refarence 76, pages 5-28 and 5-29.

1256. B

Reference 76, pages 5-28 and 5-29.

126. C

Scintillation detectors operate on the principle of
luminescence.

Reference 76, page 5-45 and 5-46.
127. C

Reference 76, page 5-45 and 5-46.

128. D

in an ion chamber, the output signal is a function
of the amount of primary ionization produced by
the incident radiation. As the voltage is in-
creassd, detector output remains constant.

Reference 76, pages 5-8, 513, and 5-14.

1.2-36
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SENSORS AND DETECTORS
Answers

129. C

SRPDs are ion chambers and read gamma
radiation.

130. B

Reference 76, pages 5-8, 513, and 5-14

131. B

Prior to using a portable survey instrument, four
checks should be performed. Battery check, cal-
ibration date check, visual inspection, and
source check.

Reference 76, page £-57.

132. C

The TLD crystal is heated under controlled con-
ditions and the amount of light emitted is mea-
sured. This process is performed by a TLD
reader providing a digital display of the radiation
exposure and a strip chart recording of the read-
ing process

Reference 76, pages 5-50 and 5-51.

133. D

SRPDs are subject to discharge in a
non-radiation field.

SRPDs are 100 thick for measuring beta
radiation.

SRPDs are dose recorders in units of
milliroentgen

SRPDs are subject to discharge and erroneous
readings f dropped or jarred.

Reference 76, pages 5-32 and 5-33.

134

135,

136

137

138

138

140,

141,

142.

143,

144

145,

1486,
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SENSORS AND DETECTORS
Learning Objectives

Each learning objective listed below is
preceded by the associated question
number(s) and by the number of its related
knowledge statement
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SENSORS AND DETECTORS
Learning Objectives

K111 Questions 81-84

State the effects of an adverse operating envi-
ronment on pressure detectors.

K1.12 Question 85, 146

State how varying parameters affect the

operation of D/P cells with respect to level
determination.

K112 Question 86, 87
State how D/P cells are used for indications.

K112 Question 88

Explain the principle of operation of level-mea-
suring D/P cell.

K112 Questions 89-92

Describe how indicated differential pressure re-
sponds to changes in high or low input pressure
for a basic differential pressure indicator.

K112 Question 93

Explain the operating principle of a basic differ-

ential pressure cell.

K1.13_Questions 94, 95

Ideniity the potential causes and effects on indi-
cation of pressure detector failure.

K115 Questions 96-103

State the effect on indicated temperature of van-

ous thermocouple and resistance temperature
detector malfunctions.

BWR

K116 Question 104

Describe the failure modes of potentiometers
K1.17 Question 138

Applications of reed switches, magnets, LVDT,
potentiometers, and limit switches.

K1.18 Question 138

Applications of reed switches, magnets, LVDT,

potentiometers, and limit switches..

K112 Questions 105, 106, 107
Draw, label, and expiain the gas-filled detector

characteristic curve.
K1.19 Question 109, 139
Describe the operation of a fission chamber.

K119 Question 110
Describe the construction of a fission chamber

K119 Questions 111
Describe the operation of an ion chamber,

K119 Question 114

State the basic principles of operation of an ion
chamber radiation detector.

K119 Question 112, 113, 115

State the basic principles of operation of a fission
charmber radiation detector.

1.2-39
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SENSORS AND DETECTORS
Learning Objectives

K1.20 Question 116

Identify the units used in nuclear instrument
displays.

K121 Question 108, 117, 118,119

Explain the effect of voltage changes on neutron
detector performance.

K1.22 Question 120, 121, 122

Explain how source range monitor detector
failure is avoided during power operation.

K1.23 Questions 123, 124, 125, 140, 143
State the basic principles of operation of a
Geiger-Mueller tube radiation detector.

K1.23 Question 126, 127

State the basic principles of operation of a scintil-
lation radiation detector.

K123 Question 128, 129, 130

State the basic principles of operation of an ion
chamber radiation detector.

K124 Questions 131-133

State the proper methods for using portable/per-
sonal radiation monftoring instruments.

1.2-40
BWR
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CONTROLLERS AND POSITIONERS
Questions

Which type of controlier uses a feedback
method of control?

open-loop
on-off
closed-loop
self-reguiating

coOw>»

The difference between the setpoint and the
measured parameter value is called

A. gain
B. bias
C. teedback
D. eror

i a flow controlier is in manual, the process
is controlled by the

A. operator
B. setpoint
C. gain
D. error

The range of values around the setpoint of a
measured variable where no action occurs in
an automatic flow controller is called

A. deviation

B. error

C. deadband

0O. bias

The purpose of a seal-in relay in a vaive

controller circuft that opens a valve under
specified conditions is to

A. hold the valve open even if the reset
pushbution is pressed

8. hold the vaive open even if the initiating
condttions reset

C. ciose the valve as soon as the initiating
condition resets

D. close the valve only when all initiating
condttions reset

6. An automatic flow controller is being used to
position a valve in a cooling water system. A
signal from the valve, that is proportional to
valve position, is returned to the controller.
This signal is referred to as

A gain
B. bias
C. feeadback
D. error

7.l the turbine shaft speed signal received by
a typical turbine governor control system
fails low during turbine startup, the turbine
governor will cause turbine speed to

A. increase, until an upper limit is reached
or the turbine trips on overspeed

B. decrease, until the mismatch with
demanded turbine speed is nulled

C. decrease to minimum speed

D. cycle approximately 5 percent above and
below the current speed

1.31
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CONTROLLERS AND POSITIONERS
Questions

Which one of the following describes the
response of a direct acting proportional-
integral controller, operating in automatic, to
an increase in the controlled parameter
above the controller setpoint?

A. The controller will deveiop an output
signa! that continues to increase until the
controlled parameter equals the
controlier setpoint, at which time the
output signal becomes constant.

B. The controlier will develop an output
signal that will remain directly
proportionai to the difference between
the centrolled parameter and the
controller setpoint.

C. The controller will develop an output
signal that continues 1o increase until the
controlled parameter equals the
controller setpoint, at which time the
output signal becomes zero.

D. The controlier will develop an output
signal that will remain directly
proportional to the rate of change of the
controlled parameter.

Refer to the drawing of a lube oil
temperature control system (see Figure
1.31).

If the temperature transmitter fails high (high
temperature output signal), the temperature
controlier will the temperature
control valve, causing the actual heat
exchanger iube oil outiet temperature to

A open; decrease
B. open; increase
C. close; decrease
D. closge; increase

1.3
BWR

B
FIGURE 1.3-1
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10. Some valve positioning (drive) devices are

1"

capable of stopping the valve between a fully
open and a fully closed (throttled) position.
Which of the following valves is best used for

throttling?

A. stop valve
B. globe valve
C. gate vaive
D. butterfly valve

Which of the following valves is most likely to
be used with a throttling positioner?

A. slop valve
B. globe valve
C. gate valve
D. butterfly valve
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CONTROLLERS AND POSITIONERS
Questions
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17. Aturbine governor would cause turbine

speed to if the sensed turbine
speed signal failed low.

A incrense

B. decrease

C. remain constant

D. fuctuate

A turbine governor would cause the actual
speed o i the sensed turbine speed
signal falieda high.

increase
decrease
remain constant
fluctuate

cowm>»

19.

20.

21.

134

BWH

in a flyball weight mecha ~al speed gover-

nor, the purpose of the ~ ing on the flyball
mechanism is 1o

A, counteract centrifugal force by driving
the flyballs apart

B. aid centrifugal force in bringing the fly-
balls together

C. counteract centrifugal force by bringing
the fiybalis together

D. aid centrifugal force in driving the fiyballs
apart

The governor on an emergency diesel
generator regulates the amount of fuel
supplied to the diesel engine to

A increase engine spexd as load increases

B. increase generator voltage as load
increasss

maintain engine speed nearly constant
as load changes

D. maintain generator voltage nearty
constant as load changes

)

The governor of an emergency diesel
generator (D/G) senses L/'G ______ and
adjusts D/G flow to maintain a
relatively constant D/G frequency.

A load, air

B. speed, fuel
C. load, fuel
D. speed, air

. A transfer that avoids a perturbation during

an automatic-to-manual or manual-to-
auicmatic frarafer by matching the controlier
output signais between automatic and

A. a minimum offset transfer
B. a deadband transfer

C. an analor, 1o digital transter
D. abu.pless transfer

Novernber 1993
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Questions

23. Which one of the following describes the

response of a direct-acting purely derivative
controller, operating in automatic, o an
increase in the controlled parameter above
the controller setpoint?

A. The controlier will develop an output
signal that continues to increase until the
controlled parameter equals the
controfier setpoint, at which time the
output signal becomes constant.

B. The controlier will develop an output
signal that will remain directly
proportional to the difference between
the controlled parameter and the
controller setpoint.

C. The controlier will develop an output
signal that continues to increase until the
controlled parameter equais the
controlier setpoint, at which time the
output signal becomes zero.

D. The controller will develop an output
signal that will remain directly
proportional 1o the rate ¢f change of the
controlied parametar

An air-operated isolation valve requires
4,800 Ibf from its diaphragm actuator and 4
inches of stem travel for proper operation.
The valve positioner can supply up 1o 80
psig of air pressure to the actuator

What is the minimum surface area of the
actuator diaphragm required for proper valve
operation?

A. 15 square inches
8. 60 square inches
C. 120 square inches
D. 240 sguare inches

BWH
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CONTROLLERS AND POSITIONERS
Answers

in addition to the correct answer, a brief ex-
planation of the answer (if needed for clar-
ity), is provided along with a reference for
each question/answer. Reference numbers
are keyed to the list of references in Ap-
pendix B.

1. £

Most controllers use a feedback circuit from the
sensor to tell the controller when the setpoint is
reached. This is called a closed loop.

Reference 03, pages 12 through 14.

2. D

Reference 03, pages 12 through 14

3 A

if a controller is in manuai, the operator will con-
trol the process by opening or ciosing the valve
in manual,

Reference 03, nages 12 through 14,

4 C

Reference 47.

6 C

Reference 03, pages 12 through 14,

T A

The turbine will accelerate to a point where it will
trip on overspeed, because of the speed error
signal developed when the speed signal was
lost.

BWR

9 A

Referer.ce 03, pages 12 through 14.

10.B

Referance 65, chapter 6.

1. B

Reference 65, chapter 6.

12.D

Cortrol air does not move the diaphragm di-
rectly, but controls application of a higher volume
source of air.

Reference 03, page 261

13. B

The manual handwheel should not be engaged
when motor operator is operating electrically

Reference 37,
14. B

Positioners apply varying pressures 1o the di-
aphragm of the valve actuators in direct re-
sponse 1o the output of controllers. They do not
drive controllers. Pressure variations on valve
actuator diaphragm are the basis of valve mo-
tion.

Reference 03, page 261.
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CONTROLLERS AND POSITIONERS
Answers

15. C

Valve positioners can be used to reposition actu-
ators with higher driving requirements than a
controlier's normal output pressure or pressure

range.

16 A

17. A

Sensed speed failing low results in a mismatch
between governor setpoint and sensed speed,
causing governor output to go high, increasing
actual turbine speed

Reference 30, chapter 25

18. B

Sensed speed input 10 a governor failing high
would result in a sensed speed and governor
setpoint mismaich, causing governor speed de-
mand to decrease, resulting in actual turbine

speed decrease.
Reference 30, chapter 25.

19. C

The governor shaft, which is coupled to a rotat-
ing machine, spins. The resultant centrifugal
force causes the flyballs to tend to move out-
ward, thereby compressing the spring on the
shaft. The spring resists this compression, and
therefore tends to counteract ¢ entrifugal force
and drive the balls together.

Reference 30, chapter 25.

20. C

Load changes will tend to affect diesel speed
The governor senses speed and controls fuel
flow to maintain speed (and therefore frequency)
nearly constant.

21. B

Load changes will tend to affect diesel speed.
The governor senses speed and controls fuel
flow to maintain speed (and therefore frequency)
nearly constant.

2. D

A bumpless transfer is the avoidance of a bump
or shock during an automatic-to-manual or
manual-to-automatic transfer by matching the
controller signais between automatic and manual
control.

Reference 55.1, chapter 5, page A-3.

23. D

24 B

1.3-7
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CONTROLLERS AND POSITIONERS
Learning Objectives

Each learning objective listed below is
preceded by the associated question
number(s) and by the number of its related
knowledge statement,

K1.01,.1.02, 1.03. 1.04 Questions 1-9, 23

Explain the function and operation of a controller
in manual and automatic modes.

K1.05 Questions 10-16. 24

Describe the function, application, and character-

istics of valve positicners.

K1.06 Questions 17-21

Expiain the function and characteristics of gover-

nors and other mechanical controliere

K1.07 Question 22

Describe the precautions associated with
transferring a valve coritroller from automatic to
manual, or manual to automatic. (See also
*Valves® K1.07)

BWR

1.3-8
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PUMPS

Questions

Which of the following changes in pump op-
erating parameters will directly lead to
pump cavitation in a centrifugal pump ope-
ating in a closed-loop system?

A. steadily iIncreasing pump inlet tempera-
fure

B. steadily decreasing pump speed

C. steadily increasing pump suction pres-
sure

D steadily increasing pump discharge
pressure

The formation of vapor butbbles that subse-
quently coliapse and cause pitting 1o a
pump's impelier is associated with the con-
dition known as

A. vapor binding
B overheated bearings
C. water hammer

D. cavitation €

Starting a centrifugal pump with the dis-
charge valve throttied or shut results in

A an increased likelihood of pump runout
B. a decreased likelihood of cavitation
C. an increased likelihood of cavitation

D a decreased likelihood of reaching shut-
off head

Select the statement that best describes
pump cavitation.

A. Vapor bubbles are formed when the en-
thalpy difference between pump dis-
charge and pump suction exceeds the
latent heat of vaporization.

B. Vapor bubbles are formed and enter a

high pressure regicn where ‘hey col-
lapse

141

EWR

C. Vapor cavities are produced when the lo-
calized pressure exceeds the vapor
pressure at the existing temperature.

D. Vapor bubbles are discharged from the
pump where they impinge on down-
stream piping and cause water hammer.

Which one of the tollowing changes in plant
status will bring the reactor recirculation
system closer to the condition in which the
recirculation pump will cavitate?

A during a plant shutdown, recirculation
pump suction temperature decreases
while reactor pressure remains constant

B recirculation pump speed increases
C. reactor water level increases

D. during reactor power operations,
extraction g'eam to one of the high
pressure feedwater heaters isolates

The presence of air in the casing prior 1o
pump start is a condition known as

A vortexing
B. pump runout
C. head loss
D. gas binding

Air binding in a centrifugal pump is an unde-
sirable condition that may be avoided by

A. throttling closed the suction valve pr = to
pump start, then opening it again

B. opening the Cischarge valve fully, then
starting the pump to aliow air to be
forced out

C. opening the pump casing vent vaive,
while priming the pump, until a steady
stream of water appears

D. opening the pump suction vent valve just

prior 1o starting the pump, and then clos-
ing t after the pump is running

November 1993
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PUMPS

Questions

A centrifugal pump is started and the follow-
ing indications are observed: low flow, low
discharge pressure, and minimum amps.
This could mean that the pump is experi-

encing

A. gas binding

B. a iocked rotor
C. shutoff head
D. motor overioad

In & centrifugal pump, gas binding is a term
that refers to a condition in which the pump

A is pumping at maximuin capacity
B. is filled with steam or air

C. suction pressure drop is sufficient to
cause the fluid to boil

D. capactty is reduced due to vapor bubbles
forming and collapsing

Gas binding in a centrifugal pump can be

preventad by

A venting the pump prior fo pump start

B. lowering suction pressure prior 1o pump
start

C. increasing pump speed gradually during
pump start

D. shutting the discharge valve prior to
pump stan

Venting a centrifugal pump prior 1o
operating it ensures that

A. pump runout will not occur

B. pump internal corrosion is reduced
C. gas binding is reduced

D. starting load is minimized

in a centrifugal pump, gas binding is a term
that refers to a condition in which the pump

A. capacity is reduced due to the presence
of steam or air in the pump volute

13.

14

15,

142

BWR

B. motor current increases due to dissolved
noncondensible gases adding to the
volume of the fluid being pumped

C. capactty is increased due 1o the
expansion of vapor bubbles in the pump
casing

D. suction pressure drop is sufficient 1o
cause the fluid to vaporize

Which of the following is a condition that de-
scribes shutoff head for a centrifugal pump?

A. The volumetric flow rate at a given pump
differential pressure has been maxi-
mized.

B. Cavitation will occur upon reaching shut-
off head.

C. Available net positive suction head is at
a maximum level.

D. The pump is imparting maximum head to
the fluid.

What would result from operating a motor-
driven centrifugal pump for extended

penods of time with the discharge valve
shut?

A no damage, since the pump and motor

are designed 1o operate with the
discharge valve shut

B pump overheating, cavitating, and
ultimately failure

C. excessive motor current, damage 10
meotor windings, and ultimately motor
failure

D. pump and motor speeding excessively
and tripping on high motor current

A low pressure injection pump that lacks
minimum flow protection is usually stopped
when system pressure is above pump shut-
off head. This is done to prevent
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PUMPS
Questions

A. bursting the pump casing by subjecting it C. adivert a small amount of water to the
to high pressure pump suction 1o raise available net posi-
tive suction head
B. possible overheating of the pump due to
insufficient flow through it D ensure that cavitation does not occur by
cooling the suction fluid
C. water hammer in downstream lines once
system pressure drops 10 a value where =
the pump can inject water I FIGURE 1441

D. inadequate lubrication flow due 1o high e ——
pump differential pressure F—g'_} {
Orfios |
] ®
16. {

Operating a motor-driven centrifugal pump <2

for an extended period of time under no e Pump Dischargs

fiow conditions will cause - /
Centritugal Pump

A. pump failure from overspeed

B pump failure from overheating 19 Explain the concerns associated with

C. motor failure from overspeed operating a centrifugal pump at shutoff
D. motor failure from overheating head, and describe a typical design feature
for alleviating the concerns.

17. A centrifugal pump with no recirculation flow :
path must be stopped when discharge 20, Using the drawing of a centrifugal pump

ressul ches shutoff ead 10 characteristic curve (Fagure 1.4-2), which
g,evm:e - p— point represents the pump's shutoff head?

A. bursting of the pump casing by A. point A

subjecting it 1o excessively high pressure C. point C
B water hammer in downstream lines when D. point D
system pressure drops 10 a value where

the pumps can inject water & FIGURE 1.4-2 B

C. overheating of the motor Poirs A
D. overheating of the pump i

18 In the portion of a system shown in Figure Pott &
1.4-1, the flowpath through valve "A" is de-
signed 10 !

A. provide minimum recirculaion flow
through the pump during shuto®f head ot \ Soab

conditions /
B. prevent pump runout by creating a recir-
culation flowpath

Centrifugal Pump snd System
CM Curves

14-3
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PUMPS

Questions

A centrifugal firewater pump takes a suction
on an open storage tank and discharges
through a fire hose. Which one of the
following will cause the pump to operate at
shutoff head?

A. The fire hose nozzle is raised to an
elevation that prevents any flow.

B Suction temperature is increased to the
point that gas binding occurs

C. Pump speed is adjusted to the value at
which cavitation occurs

D Suction pressure is adjusted until
available net positive suction head is
reduced to zero feet.

Operating characteristics for radiai flow cen-
trifugal pumps vary with pump speed. Se-
lect the choice below that completes the fol-
lowing “"pump laws.”

e varies directly with speed
varies as the square of speed
__ varies as the cube of speed

A. capacity, suction pressure, pump head
B. pump head, suction pressure, capacity
C. capacity, pump head, horsepower
D. horsepower, pump head, capacity

A centrifugal pump is operating with a flow
rate of 1.5 x 108 lbmvhr with a power of 300
HP and a pump head of 400 psi. If the
pump speed is doubled, what is the new
flow rate?

A 1.5x 108 bmr
B. 3.0 x 105 brvhr
C. 6.0 x 105 bmvhr
D 8.0 x 106 bmvhr

24

25.

144

BWR

A centrifugal pump is operating with a flow
rate of 1.5 x 106 ibmvhr with a power of 300
HP and a pump head of 400 psi. If the
pump speed is doubled, what is the new
head?

A. 400 psi
B. 800 psi

C. 1,600 psi
D. 3,200 psi

Consider a plant system with two identical
centrifugal pumps in paraliel, one of which
is running. The idle pump is started. As-
suming no other system configuration
changes are made, the system flow one
minute later will be

A. double the original fiow
B. less than doubie the original flow
C. greater than double the original flow

D. the same, only the discharge head wil!
change

A motor-driven centritugal pump is operat-
ing at rated fliow. How will fiow, discharge
pressure and power be affected if the dis-
charge vaive is throttied in the closed direc-
tion?

Flow Pressure Power

A increase decrease incraase
B. decrease increase decrease
C. decrease ncrease increase
D. decrease decrease increase
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Questions

27 Doubling the speed of a centrifugal pump

Vi

28

29

will cause which of the following?

pump power requirements to increase by a
factor of four

pump head to increase by a factor of four
flow to increase by a factor of four

pump power requirements to increase by a
factor of eight

flow 1o double
pump head to double

A land Vi

B H I and IV

C.li,IV,and V

D W, IV, and VI

The pump discharge head of a centrifugal
pump will decrease if the

A pump suction pressure is increased
B speed of the pump increases
C. discharge valve is throttled ciosed

D. temperature of the fluid being pumped
increases

A centrifugal pump is operating at rated
speed with an output head of 240 psid. The
speed of the pump is then decreased until
the power consumption is 1/64 of fts original
value. What is the approximate new output
head?

A. 375 psid
B. 15 psid
C. 30 psid
D. 60 psid

30.

31

33

145
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A multispeed centritugal pump is operating
at 1800 rpm, providing a flow of 400 gpm at
20 psid. If the pump speed is increased 1o
3600 rpm, the new pump differential
pressure will be

A 160 psid
B. 80 psid
C. 60 psid
D. 40 psid

A centrifugal pump is operating at a
discharge pressure of 50 psi, flow of 200
gpm, and power consumption of 3 kW
Pump speed is increased and the flow
increases to 400 gpm. Which of the
following is the value of the power
consumption?

A 6kW
B o9kw
C 24 kW
D. 27 kw

A vanable-speed centrifugal pump is

operating with a flow rate of 3000 gpm.
Which one of the following values most
closely approximates the fiow rate if the
sneed is decreased from 3600 to 1800

rpm?

A. 800 gpm
B. 1000 gpm
C. 1500 gpm
D. 2000 gpm

A variable-speed centrifugal pump is
operating with a differential pressure of 50
psid. Which one of the following values
approximates the differential pressure if the
speed is increased from 1800 rpm to 3600

pm?

A. 50 psid
B. 100 psid
C. 200 psid
d. 400 psid
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35.

A vanable-speed centrifugal pump is
running at 1800 rpm. The initial flow rate is
1000 gpm, total head is 100 fi., and work
input is 500 hp. if the flow rate is changed
to 1200 gpm, which of the following gives
the correct value for new work input?

A. 550 hp
B. 778 hp
C. 864 hp
D.912hp

A cooling water pump is operating at 1800
rpm. its capacity is 500 gpm at a pump
head of 25 psi, which requires a power of
100 kW. Which one of the following lists
gives the pump capacity, discharge head,
and power requirements, respectively, if the
pump speed is increased to 3600 rpm?

A 100 gpm, 200 psi. 400 kW
B. 2000 gpm, 50 psi, 800 kW
C. 1000 gpm. 100 psi, 800 kW
D. 4000 gpm, 100 psi, 200 kW

Jsing the system drawing in Figure 1.4-3,
now may the available net positive suction
head (NPSH) for a centrifugal pump be in-
creased?

A. opening surge tank makeup valve "A"
briefly

B. throttling heat exchanger cooling water
vawve "B" partially closed

C. throttiing pump discharge valve "C" par-
tially open

D throttling pump suction valve “D* partially
closed

37

FIGURE 1.4-3

v
i o

Cocling Water

w

Basic System

The net positive suction head for a pump
may be expressed as

A. discharge pressure minus saturation
pressure of the fluid being pumped

B. discharge pressure minus suction pres-
sure

C. suction pressure minus saturation pres-
sure of the fluid being pumped

D fiud vapor pressure plus suction pres-
sure

38. When flow from a centrifugal pump is in-

146

BWR

creased by further opening the discharge
valve, required net positive suction head
(NPSH) , and available NPSH

A. decreases, decreases
B. decreases, increases
C. increases, increases

D. increases, decreases
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Questions

Ot the following operations in a closad sys- 43.
tem, which will cause a decrease in avail-
able net positive suction head tor a centrifu-

gal pump?

A decreasing the inlet fiuid temperature

B. increasing the pump discharge pressure
C. throttling open the pump suction valive

D. throttling open the pump discharge valve

A motor-driven centrifugai pump is operat-
ing at rated flow, then the discharge valve is
throttled partially closed. Which of the fol-
lowing parameters will increase as a result
of this action?

A volumetric flow

B. net positive suction head available
C. motor current

D. net posttive suction head required

What will increase reactor recirculation
pump available net positive suction head?
(Assume all other parameters remain
constant.)

A loss of feedwater heating while at B0%
power

B. increase in reactor coolant temperature
from 100 "F to 200 "F during a reactor
startup

C. decrease in reactor pressure during a
normai reactor shutdown 45
D. decrease in reactor water from the
normal level to just below the low-level
alarm level

Which one of the following conditions will
result in a decrease in the available
recirculation pump net positive suction head
(NPSH)?

A carry-under decreases

B. recirculation flow rate increases

C. feedwater inle! subcooling increases
D feedwater flow increases

14-7

BWR

Which one of the following actions will resuft
in a decrease in available net positive
suction head (NPSH) for a centrifugal

pump?

A. decreasing pump suction temperature

B. increasing the pump speed

C. closing the pump discharge valve from
100% open to 50% open

D. increasing the level in the system
expansion tank

Which one of the foliowing changes in plant
status will bring the reactor recirculation
system closer to the condition in which the
recirculation pump will cavitate?

A. During a plant shutdown, reactor
recirculation pump suction temperature
decreases while reactor pressure
remains constant.

B. Reactor recirculation pump speed is
increased.

C. Reactor water level increases.

D. Extraction steam is isolated from one
high pressure feedwater heater during
power operations.

Which one of the following parameter
changes will cause a reduction in the
available net positive suction head (NPSH)
to a condensate pump?

A. Condensate depression increases.

B. Reactor power level decreases.

C. A second condensate pump is started.
D. Condenser hotwell level decreases.
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46. Which of the following will decrease the

47

48

available net positive suction head to the
reactor recirculation pumps? (Assume all
other parameters remain constant.)

A. loss of feedwater heating while at 80
percent power

B. increase in reactor coolant temperature
irom 100°F to 200" F during a reactor
stantup

C. increase in reactor pressure during a
reactor startup

D. increase in reactor water level from the
normal level to just below the high-leve!
alarm

Centrifugal pumps are usually started with
their discharge valves closed. The main
reason for this is 1o prevent

A. overheating the pump

B. overioading the pump motor
C. cavitation in the pump
D. lifting the discharge relief valve

When starting a centrifugal pump, the re-
sponse of motor current should be

A low starting amps, stabilizing to a higher
equilibrium running amperage

B. low starting amps, remaining at a low
equilibrium running amperage

C. high starting amps, decaying off to a
lower equilibrium running amperage

D high starting amps, remaining at a high
equilibrium running amperage

BWR

4%

51.

52.

148

A pump is circulating water at 200 'F in a
closed system equipped with a surge tank.
Several hours later, after systern heatup
and no lineup changes, the same pump is
now circulating 450 *F water. Observation
of pump motor amps would show that, dur-
ing the system heatup, motor amps have

A decreased

B. remained the same

C. increased slightly

D. increased by a factor of two

Which of the following operating conditions
for a centrifugal pump would require the
most amperage?

A. Discharge head is at shutoff head.

B. The pump is operating at minimum flow.
C. Discharge head is at design head

D. The pump is at runout.

A constant-speed centrifugal pump motor
draws the least current when the pump is

A. at maximum rated flow conditions
B. operating on recirculation fiow only
C. accelerating to normal speed during star
D. at shutoff head with no recirculation flow

A centrifugal pump is operating at normal
discharge pressure and flow conditions with
the discharge vaive fully open. The

discharge valve is then throttied o the 50%
open position. As a result,

A. pump motor current decreases

B. pump flow rate increases

C. pump discharge head decreases

D. available net positive suction head
decreases
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53 Refer to the drawing of a cooling water

system (see Figure 1.4-4). the centrifugal

pump is circulating water at 100°F. After
several hours the water temperature has

increased to 200°F. Assuming systern flow
rate (gpm) is constant, pump molor amps

will have _ because

A decreased, water density has decreased

B. increased, water density has decreased

C. decreased. pump shaft speed nas
increased

D. increased; pump shaft speed has
increased

57.

FIGURE 144

Cooling Waier System

54 The correct way to start most larger motor-
driven centrifugal pumps is with the pump

discharge valve

A. in any position
B. throttled 1o midposition

C. tully opened
D. fully closed

55 Explain why centrifugal pumps are typica

59.

ty

started only when their discharge valves are

closed

BWR

149

What is normally done to prevent runout
when staning a centrifugal pump?

A. Close the suction vaive prior 10 stariing
the pump.

B. Close the discharge valve prior to star-
ing the pump.

C. Start the pump at low system demand.
D. Start the pumnp at high system demand.

Which of the following pumps should be
started with its discharge valve shut?

A. centrifugal
B. gear pump
C. reciprocating
D. screw

‘Which of the following is not a reason for
starting a centrifugal pump with the dis-
charge piping filled and the discharge valve
shut?

A. prevent water hammer

B. prevent excessive pump discharge pres-
sure

C. prevent excessive starting current
D. prevent pump runout

Many large centrifugal pumps are inter-
iocked so that the pump will not start unless
its discharge valve is al least 90 percent
fully closed. This interlock is provided in
order 1o minimize

A. net positive suction head

B. inventory ioss

C. pump discharge pressure
D. pump motor starting current
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60. A cooling water system has two centrifugal

61

pumps in parallel. One pump is running at
14500 rpm. The second pump is started and
run at 1800 rpm. System flow will be

A. double the original flow, due to the
double pump work

B. shghtly less than double the original fiow,
due to increased flow resistance

C. the same as the original flow, but at a
higher operating pressure

D 50 percent greater than the original flow,
due to the increased discharge head

Refer to the drawing of a cooling water
_Ssystem and the associated centrifugal pump
operating curve (see Figure 1.4-5) in which
pumps A and B are identical single-speed
centrifugal pumps and only pump A is
operating.

If pump B is started, system flow rate will
be _and common pump
discharge pressure wili be

A. the same; higher

B. higher, the same

C. the same; the same
D. higher; higher

1.4-10
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FIGURE 1.4-5
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In a closed system, the operating conditions
for iwo identical positive displacement
pumps running in parallel will be
approximately _____ flow rate and
approximately discharge
pressute as compared to the operating
conditions when only one pump is running
and the other pump s isolated

A the same twice the
B. twice the; the same
C. the same; the same
D twice the; twice the

Which of the following is not a possible indi-
cation of pump runout?

A. abnormally high discharge pressure
B excessive pump n.utor current

C. abnormally high pump vibration

D. abnormally high indicated flow rate

Explain the concerns associated with
operating a centrifugal pump under runout
conditions.

Which of the following would not be an ac-
ceptable definition for pump runout?

A. the voiumetric flow rate causing greater
than normal currents in the pump motor
windings

B the volumetric flow rate resufting in ex-
cessive mechanical stress to the pump
shaft

C. the volumetric flow rate resulting in ex-
cessive backpressure on the pump dis-
charge

D. the volumetric flow rate for which the
available net posttive suction head is
less than the requirec net positive suc-
tion head

66.

67.

1.4-11
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A centrifugal pump is operating at maximum
design flow, delivering water through two
parallel valves. Valve "A" is fully open. and
valve "B" is half open. If valve "B" is now
also opened fully, the result could be

A the pump immediately reaching shutoff
head

B. avaiiable net positive suction head in-
creasing

C. required net positive suction head de-
creasing

D. runout of the pump

What is caused by operating a motor-driven
centrifugal pump under runout conditions?

A. pump failure due to excessive pump
cavitation

B. no damage, since the pump and motor

a s designed to operate without failure
under pump runout conditions

C. motor failure due to excessive current
being drawn througt the motor windings

0. pump failure due 1o overheating, caused
by the increased impelier-to-casing
friction

Which one of the following is an indication

of pump runout

A. high discharge pressure
B. low pump motor current
C. high pump vibration

D. low pump flow rate
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A centrifugal pump is operating at rated
conditions in an open system. If a system
transient results in the pump operating at
runout, which one of the following
indications will be present?

A. increased discharge pressure
B. decreased pump motor current
C. increased pump vibration

D decreased pump flow rate

Operating a motor-driven centrifugal pump
under "pump runout” conditions causes

A. pump overheating, cavitation, and
ultimately pump failure

B. no damage, because the pump and
motor are designed to operate without
failure under pump runout conditions

C. excessive motor current to be drawn,

damage to the motor windings, and
ultimately motor failure

D. excessive motor current 1o be drawn,
overheating of pump and motor
bearings, and ultimately pump failure

If a centrifugal pump is operating at rated
conditions, which of the following best
describes the pump response when the
discharge valve is closed?

A. Discharge pressure increases, flow
decreases, motor current decreases

B. Discharge pressure decreases, flow
increases, motor current decreases.

C. Discharge pressure increases, fiow
increases, motor current increases.

D. Discharge pressure increases, flow
decreases, motor ct<rent increases

BWR

72.

73.

74

1412

A centrifugal pump is operating at rated
conditions in a closed system with all valves

fully open. if the pump suction valve is
throttied to 50 percent, purnp discharge
pressurewill _____ andflow will

A. incraase; decrease
B. decrease; increase
C. increase; increase

D. decrease; decrease

A centrifugal pump is operating at rated
conditions in an open system with all valves
fully open. If the pump discharge valve is
throttled (¢ 50 perent closed, pump
discharge pressure will

pump motorcurrent will

and

A increase; decrease
B. decrease; increase
C. increase; increase

D. decrease; decrease

A motor-driven centrifugal pump is
operating in an open system with its
discharge valve throttied to 50 percent.
How will the pump be affected if the
discharge valve is fully opened?

A Total developed head decreases and
motor current decreases.

B. Available net positive suction head
decreases, and pump differential
pressure decreases.

C. Total developed head increases and
available net positive suction head
decreases.

D. The potential for pump cavitation

decreases, and pump differential
pressure decreases.
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Which of the following is correct for con-
stant speed centrifugal pumps? (Assume
an ideal system.)

A. The flow rate is directly proportional to
the square of the pump speed

B As the system head increases, the fiow
rate increases

C. For two pumps in parallel, the combined
flow rate for a given head is equal to the
sum of the individual capacities of the
two pumps at that head.

D. For two pumps in series, the combined
flow rate for a given head is equal to the
sum of the individual capacities of the
two pumps at that head.

Which of the fo'lowing statements is true
concerning characteristics of centrifugai

pumps?

A. The term "shutoff head” is the head de-
veloped when the pump is operating at
design flow.

B. Pump flow rate is proportional to pump
speed,

C. Raising the temperature of the fiuid to be
pumped is an effective meathod of in-
creasing pump net positive suction head
( NPSH).

D. Cavitation occurs when available NPSH
is too high

The formation of vapor bubbles (in the eye
of the impelier) and the subsequent col-
lapse of these bubbles (on the trailing edge
of the impeller blade) is called

A viscosity

B. slip

C. shutoft head
D. cavitation

78.

79.

81,

1.4-13
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Which of the following actions will correct a
cavitating centrifugal pump?

A. increasing the pump's speed

E lowering the pump's suction pressure

C. lowering the pump's suction temperature
D. turning the pump off and on a few times

Draw and label a typical centrifugal pump
and system characteristic curve. Label the
curves, axes, and the operating point.

Draw and label a typical centrifugal pump
and system characteristic curve. Show how
the operating point would change if the
pump discharge valve is then opened
further

Refer to the drawing of a lube oil
temperature control system and the
associated centrifugal pump operating
curve (see Figure 1.4-6).

The pump is operating at point B on the
operating curve. If the temperature control
valve modulates in the closed direction,
operating point B will be located on curve

, closer to point
(The options below assume that curves 1
and 2 are exactly as shown in Figure 1.4-6)

Dom>»
A &
OoOm>» o
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£ N 3\ 83. The discharge valve of an ideal reciprocat-
. ing positive displacement pump is throttled
. Tunpwaws | Luve toward the closed direction. This causes
[wrownie| - pump flow to and pump head to
| Contoier &
e } Y
: | A. remain constant, remain constant
o et el 1 B. decrease, remain constant
oG Lodcp- vest Exchange - Go0W8 C. remain constant, increase
Srrahon. D decrease, increase
Lube
o
84, Which of the following best describes the
%T?m“"'" - operating characteristics of a pump?
e A. Centrifugal pumps deliver a variety of
i L flows at a constant head.
f ; ’/,.,. 5 B. Positive displacement pumps deliver a
e | yo constant head over a variety of flows,
{ / o Curve 2
? } - C. Centrifugal pumps are used where low
imo, \ e flows and extremely high heads are re-
) ColSed o quired.
Fhow
D. Posttive displacement pumps deliver a
\ J constant flow over a variety of heads.
Centrifugsi P snd System
Characteratic Curves 85 Which of the following conditions will resul
82, Increasing the flow rate from a centrifugal ina f-‘hlf'ﬁ“ "o volunamc Row e
pump b/ throttling open the discharge valve through an ideal positive displacement
will cause pump head to pump?
A. increase A. a change in pump speed
B. decrease LT :
C. remain constant B. a change in discharge valve position
D. fluctuate
C. a change in pump net positive suction
head
D. a change in downstream system pres-
sure
1.4-14
BWR November 1993
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Select the correct statement about a
single-speed, motor-driven, centritugal
pump.

A. Upon throttling open the pump discharge
valve to increase flow, total developed
head and motor amps decrease.

8. When the pump discharge valve is throt-
tled open to increase flow, available net
positive suction head decreases, and
pump differential pressure decreases.

O

- Upon throttiing open the pump discharge
valve, flow increases, total developed
head increases and available net posi-
tive suction head decreases.

D When the discharge valve is throttied
open, fiow rate increases, pump cavita-
tion is reduced, and total developed
head decreases.

A single-speed centrifugal fire pump takes
suction on a storage tank and discharges
through a flexible fire hose. Which of the
following correctly describes the response
of the pump discharge flow rate?

A. remain constant as the elevation of the
pump discharge piping is raised

B. increase as the elevation of the pump
discharge piping is raised

C. decrease as the level in the storage tank
on the pump suction is lowered

D. remain constant as the level in the
storage tank on the pump suction is
lowered

A centrifugal pump is operating at rated
conditions in an open system with all valves
fully open. 1 the pump suction valve is
throttled to 50 percent ciosed; pump suction
pressure will and pump flow
rate will _

89.

91.

1.4-15
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A  increase, decrease
B. decrease; remain the same
C. increase; remain the same
0. decrease; decrease

A centrifugal pump is operating at rated
conditions in an open system. If the pump
recirculation valve is farther opened, pump
discharge pressure will _ and
pump flow rate will

A increase; decrease
B. decrease; increase
C. increase, increase

D. decrease; decrease

Failing to provide adequate minimum flow
requirements for a centrifugal pump can
directly resuft in

A. discharge piping overpressurization
B. pump runout

C. excessive pump leakoff

D. pump overheating

What is the purpose of a centrifugal pump
minimum-flow line?

A. tc reduce wear on discharge piping relief
valves

B. 1o prevent overpressurization of pump
discharge piping

C. 1o provide a sampling point for plant
chemistry

D. to ensure pump cocling requirements
are met at shutoff head
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What is the primary function/purpose of
"minimum flow protection® on a centrifugal
pump?

A. ensure adequate net positive suction
head

B. prevent pump runout
C. ensure adequate pump cooling
D. maintain balanced pump casing torque

Without "minimum flow" protection, a cen-
trifugal pump that was operated for an ex-
tended period of time at shutoff head condi-
tions would

A. overheat and cavitate

B overpressurize and damage the pump's
discharge piping

C. develop an overcurrent condition
D. have a brake horsepower reduction

Centrifugal pumps are susceptible 1o over-
healing and cavitation while operating with
their discharge valves closed, unless

A. the pump is steam driven

8. minimum flow protection is provided
C. pump seal cooling is provided

D. the suction valve is aiso closed

The capacity of a positive displacement
pump is directly proportional to the

A fluid density
B. motor size
C. slip ratio

D. pump speed

96, As the discharge head of a positive dis-

97.

98.

1.4-16
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placement pump is increased/raised, the
flow rate out of the pump will slowly begin to
decrease, due 1o some liquid backfiowing
through the internal working clearances of
the pump. This phenomena is known as

A. cavitation

B. net positive suction head
C. recircuiation ratio

D. slip

The discharge pressure developed by the
standby liquid control pumps during injec-
tion is primarily a function of the

A. reactor vessel pressure
B. rupture point of the discharging piping
C. rupture point of the pump suction piping

D. coupling installed between the motor and
the pump

As an ideal positive displacement pump's
discharge head/pressure increases, its dis-
charge flow rate will

A. increase
B. decrease
C. remain constant
D. fluctuate

The flow capacity of a positive displacement
pump can be increased by increasing

A. available net positive suction head
B. pump speed

C. recirculation ratio

D. brake horsepower
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100. A positive displacement pump (PDP) is

101.

102.

operating in an open system. PDP
parameters are as follows:

PDP speed = 1000 rpm
PDFP discharge pressure = 2000 psig
PDP suction pressure = 50 psig
PDP fiow rate = 150 gpm

Which one of the following changes will
cause PDP flow rate to exceed 200 gpm?

A. A second identical discharge path is
opened.

B PDP speed is increased to 1500 rpm.

C. PDP suction pressure is increased to
120 psig.

D. Downstream system pressure is
decreased to 1000 psig.

What will occur by operating a posttive
displacement pump with insufficient nat
positive suction head?

A. slip

B. decreased pump speed
C. water hammer

D. vapor binding

An increase in positive displacement pump
speed will cause the available net positive
suction head for the pump to

A decrease due to the decrease in suction
pressure

B increase due to the increase in dis-
charge pressure

C. decrease due to the increase in dis-
charge fluid temperature

D increase due to the increase in fluid flow

103.

104

105.

14-17
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Available net positive suction head for a
positive displacement pump will increase if
the pump's

A diecharge pressure increases

B. motor speed decreases

C. suction temperature increases

D. discharge valve is throttied closed

Available net positive suction head is de-
fined as

A. the sum of the fluid head, velocity head,
and elevation head

B. the minimum suction head necessary 10
prevent cavitation

C. the difference between the total suction
head and the saturation pressure of the
fiuid at the pump suction

D. the difference between the suction pres-
sure and discharge pressure of the

pump

The available net positive suction head for a
pump may be expressed as

A. discharge pressure minus saturation
pressure of the fluid being pumped

B. discharge pressure minus suction
pressure

C. suction pressure minus saturation
pressure of the fluid being pumped

D. suction pressure plus discharge
pressure
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DacKk-pressure

operation of a post displacemer

pu my

motor
mpelier could start slipg
drive gears could overheat
A positive displacement pump shouk
stanted with fis suction valve

and fts discharge valve

ne capacny
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113 A system has one operating positive dis-

114

115.

116.

placement pump in service. A second posi-

tive displacement pump is subsequently
placed into service. If the pump is in

A series, the system flow rate doubles and
the discharge pressure will remain rela-
tively constant

B. senes, the system flow rate and dis-
charge pressure will both double

C. parallel, the discharge pressure will dou-
ble and system flow rate will remain rela-
tively constant

D. parallel, the system flow rate doubles
and the discharge pressure will remain
relatively constant

A pump that moves liquid by means of a
piston within a cylinder that displaces a
given volume of fluid for each stroke is a

e PUMP.

A centrifugai
B. jet

C. reciprocating
D. volute

Posttive displacement pumps are

A. started with the discharge valve shut
until the pump comes up o speed

B. started with the discharge valve open 1o
prevent oump/piping damage

C. typically high-speed, high-capacity
pumps

D. typically low-speed, high-capacity pumps

Select the choice that best completes the
pump curve shown in Figure 1.4-7,

(1) 2) (3)
A. capacity head positive
displacement

1.4-19
BWR

B. capacity head centrifugal
C. head capaciy positive
displacement
D. head capacity centritugal
-
FIGURE 1.4-7 ]
- Ichea!
)
Acuml './
]
S ;
2.
Typicsl ] Pump Curve
- o

117. Which of the following contains two reasons

for starting a centrifugal pump with the
discharge piping filled and the discharge
valve shut?

A prevent pump runout and prevent motor
overspeed

B. prevent pump runout and ensure
lubrication of pump seals

C. prevent water hammer and ensure
adequate pump recirc flow

D. prevent water hammer and prevent
excessive starting current

November 1993
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Hafer to the drawing of a cooling water
system (see figure 1 .4-8),

The centrifugal pump is circulating water at
200°'F. After several hours the water
temperature has decreased fo 100°F.
Assuming system flow rate (gpm) has not
changed during the cooldown, pump motor
amps will have because

A decreased, waler density has increased
B. increased, water density has increased

C. decreased. pump shaft speed has
decreased

D. increased; pump shaft speed has
decreased

119,

Cooling Water System

A centrifugal pump is operating in parallel
wih a positive displacement pump in an
open system. Each pump has the same
design pressure.

it a pump discharge pressu 2 increases 1o
the maximum design pressure of each
pump, the centrifugal pump will be
operating at —_ fiow and the
positive displacement pump will be
operating at . fow.

A. minimum; minimum

B minimum; rated

C. maximum rated, minimum
D maximum rated; rated

BWR

120. Refer to the drawing of a centrifugal pump

charactenstic curve (see figure 1.4-9)

At which operating point will pump runout
ocour?

A Point A
B. Point B
C. Point C
D. Point D

FIGURE 1.4-9 :

Poiet A

mmmw

121. Which one of the following describes the

1.4-20

proper location for a relief valve that will be
used to prevent exceeding the design
pressure of a positive displacement pump
and associated piping?

A. on ihe purmp discharge piping upstream
of the discharge isolation valve

B. on the pump discharge piping

downstream of the discharge isolation
valve

C. on the pump piping upstream of the
suction isolation vaive

D. ot the pump suction piping downstream
of the suction isolation valve
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In addition to the correct answer, a brief ex-
planation of the answer (if needed for clar-
ity), is provided aiong with a reference for
each question/answer. Reference numbers
are keyad to the list of references in Ap-

pendix B.

1. A

If pump inlet temperature is increased steadily,
the water is that much closer to saturation tem-
perature for any given pressure. Maintaining
that margin is what prevents cavitation.

Reference 28, part B, chapter 1, page 320.

2. D

Cavitation is defined as the formation and subse-
quent collapse of vapor bubbles on the pump
impeller.

Reference 28, part B, chapter 1, page 320

3 B

Starting the pu p with the discharge valve throt-
tled closed will c: use suction pressure also to be
slightly nigher. This gives greater margin regard-
ing cavitation.

Heference 28, pan B, chapter 1, page 320.

4 B

This is the universaily accepted description for
what causes cavitation damage.

Reference 28, pant B, chapter 1, page 320

5 B

Reference 28, part B, chapter 1, page 320.

6. D

Reference 28, part B, chapter 1, page 320; and
reference 58, page 34.

7. ©

The common practice for removing air or trapped
gases (steam, etc.) from a pump casing is to
open the pump vent valve as the pump is being
filled. As the pump filis, the operator should wait
until no visible signs of aw (bubbles) remain be-
fore closing the vent,

None of the other choices would accomplish this

Reterence 40, page 13-10.

8 A

Reference 12.

9 B

Reference 28, part B, chapter 1, page 320.

10. A

Reference 28, part B, chapter 1, page 320.

11.C

Reference 28, part B, chapter 1, moge 320

12. A

Retference 28, part B, chapter 1, page 320.
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13.D

Shutoff head is generally defined as the maxi-
mum value of head ( D/P) that a pump can pro-
duce.

Reference 28, part B, chapter 1, page 320

14 B

Reference 40. pages 2-172 through 2-174

15. B

Overheating of a pump is a likely consequence
of inadequate flow through a pump.

Reference 30, chapter 19

16 B

Reference 30, chapter 18.

17.0

Reference 30, chapter 19

18. A

Normal design of pumps often includes a mini-
mum flow recirculation flow path from discharge
back to suction through an orifice. This will en-
sure sufficient flow through the pump to prevent
overheating.

Reference 30, chapter 19.

BEWR

19.

At shutoff head, the pump is unable to overcome
downstream pressure, and therefore no fiow is
produced. However, friction causes the pump
and fluid temperature to increase and could lead
to overheating and damage to the pump and
bearings

To avoid overheating, some systems incorporate
recirculation lines that run from the pump
discharge piping 1o the pump suction or some
other point in the system. These recirculation
lines allow sufficient flow to prevent overheating.

Reference 78, page 10-43.

20. A

Reference 78, chapter 10, page 43

21 A

Reference 78, chapter 10, page 43,

22.C

Reference 57, chapter 6.

23.B

Flow is proportional to speed.
15x10° x (2) = 3.0 x 10° bmr

Reference 57, chapler 6.

24 C
Head is proportional to speed squared.
400 psig x (2)° = 1,600 psig

Reference 57, chapter 6.

14.22
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33 C

DP is proportional to speed squared. Therefore:

DP4/DP; = (speed/speedp)?
DPy = (DPy) (speedy/speeds)?
= (50 psid) 3600/1800)2
= 200 psid

Reference 57, chapter 6.

34 C
Power is proportional to flow cubed. Therefore
powery/powery = (flowq/flowy)3
power o = (powery) (flowo/flowy)3
= (500 hp) (1200/1000)3
= 864 hp

Reference 57, chapter 6

3. C

Flow is proportional to speed.
Head is proportional to speed squared.
Powaer is proportional to speed cubed.

= (Flowq) (speedy/speed,)
= (500 gpm) (3600/1800)
= 1000 gpm

= (Heady ) (speedp/speed)Z
= (25 psi) (3600/1800)2
= 100 psi

Powerp = (Powery) (spoedglmoodﬂ:’
= (100 kW) (3600/1800)3
= B0O kW

HOWz

Headp

Reference 57, chapter 6

36 A

Opening valve A raises surge tank level, creating |
greater static head at the pump suction.

All other choices would decrease available
NPSH.

Reference 48, pages 34 through 36.

37.C

Mathematical expression of NPSH is

Psuction 'Psat

Reference 48, pages 34 through 36

38.D

Available NPSH goes down due to flow increas-
ing and suction pressure decreasing. Required
NPSH as specified by the pump manufacturer
will increase as flow increases.

Reference 48, pages 34 through 36.

3.0

A, B, and C are incorrect because they all actu-
ally increase NPSH.

D is correct due to the increased flow through
the pump, resulting in a lower suction pressure.

Reference 78, chapter 10, page 56.

40. B

Reterence 78, chapter 10, page 43.
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41 A

Loss of feedwater heating will lower the
temperature of the water entering the reactor
vessel, causing a temperature decrease at the
recirculation pump suction. This will increase the
margin to saturation, increasing available NPSH

Reference 57, chapter 7, pages 94 through 97

42 B

Al higher recirculation flow rates, there is greater
head loss as the fluid approaches the pump
suction. This results in lower suction pressure
and reduced NPSH.

Reference 57, chapter 7, pages 94 through 87

43 B

As pump speed and fluid velocity increase, head
loss of the fiuid approaching the pump suction
increases, causing & reduction in available
NPSH

Reference 78, page 10-55

44 B

As pump speed and fluid velocity increase, head
loss of the fluid approaching the pump suction
Increases, causing a reduction in available
NPSH.

Reference 78, page 10-55.

45. D

One contributor to available NPSH is the static
pressure at the pump suction. For a condensate
pump, the hotwell level provides this static
pressure. A lower level causes a lower pressure
and thus a decre ase in NPSH.

Reference 78, page 10-55.

46 B

Reference 78, page 10-55.

47. 8B

Possible pump runout may occur if a pump is
started with its discharge open. This could result
in an overcurrent/overioad condition

Reference 48, pages 17 through 20.

48. C
Normal response (electrical) to starting a pump
is high {(momentary, five to six times normal op-

erating current) starting amps, dropping off to a
lower equilibrium value.

Reference 48, chapter TS-10, pages 17 through
20.

48 A

Mator amps will decrease due to the pump mov-
ing less mass per unit volume Less work is re-
quired to move a less-dense fluid.

Feference 48, page 26.

5. D

Runout woukd create the greatest current draw
by the pump motor.

Reference 48, pages 17 through 20.

51. 0

Thepwmisoomgnowu!ulworkwhenrunnhg
at shutoff head. Therefore, its current is least.

Reference 78, page 86

1425
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52. A

By closing the valve partially, flow is reduced,
meaning less work is being done. As a result,
current decreases.

Reference 78, page 86.

53. A

Reference 78, page 86.

54. D
Starting a centrifugal pump with its discharge

valve closed minimizes starting current in the
pump motor

Reference 57, chapter 7

55.

Starting currents for pump motors are typically
five-to-six times the running current. With the
pump discharge valve closed, iunning current
will be at a minimum. Therefore, starting the
pump with the discharge valve closed will
minimize starting current, thus avoiding the
possibility of motor damage or supply breaker
tripping.

56. B

Reference 57, chapter 6.

57. A

Reference 57, chapter 6.

58. B

Reference 57, chapter 6.

BWR

59. D

Reference 57, chapter 7, pages 1 through 23.

60. B

The second pump attempts to double the flow.
However, the increasing flow causes increased
head loss. resulting in a final flow less than
double the initial flow.

Reference 78, page 10-46.

61.D

Reference 78, page 10-46.

62. B

Reference 78, page 10-46.

63. A

High discharge pressure is the opposite of what
would be seen during runout conditions.

All other answers are possible runout symptoms.

Reference 48, pages 18 through 20,

64,

At runout, a centrifugal pump is operating at a
maximum possible flow, typically as a result of
reduced downstream pressure. The high flow
rate means pump speed, and therefore motor
current, are also at a maximum. Thus, not only
does the pump experience stress, the motor
could be damaged by overheating resulting from
the high current drawn.

Reference 78, page 10-44.

1.4-26

November 1983



PUMPS
Answers

65. C
A, B, and D are all definitions of pump runout
A: Excessive currents are generated in the
motor winding to offset the increase in

pump speed above its synchronous
speed.

B: The pump impeller tries to turn faster
than the motor shaft, causing twisting
and possible failure.

D: Excessive flow causes a decrease in
suction pressure, resulting in a decrease
in available NPSH while required NPSH
increases.

C is correct because in a runout condition, head
pressure is not high but is actually lower than
suction pressure

Reference 78, page 10-44

66. D

If the pump is already at maximum rated flow,
then opening another similarly sized flow path
may result in runout.

Reference 48, page 30.

67. C

Refere’ice 78, page 10-44.

68 C

Reference 78, page 10-44

69. C

Reference 78, page 10-44.

70. C

Reference 78, page 10-44.

71, A

Reference 78, pages 10-41 and 10-49.

72. D

Reference 28, part B, chapter 1, pages 320
through 325,

73. A

Reference 28, part B, chapter 1, pages 320
through 325.

74. B

Reference 28. part B, chapter 1, pages 320
through 325,

75. C

Combined head-capactty curves are drawn by
audding the capacities of the pumps operating in
paraliel.

Reference 57, chapters 4 and 6; and reference
40, pages 239 and 240

76. B

Reference 57, chapter 6.
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77.D

Cavitation occurs when static pressure falls
below saturation pressure of the fluid (in the eye
of the impeller), causing the liquid to boil and
forming thousands of tiny vapor pockets. These
vapor pockets are carried downstream to a re-
gion of higher pressure (the trailing edges of the
impelier blade) where they suddenly collapse

Reterence 57, chapter 6

78. C

Lowering the temperature at the pump suction

will increase the available NPSH, preventing cav-

itation.

Reference 57, chapter 6.

79.
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80.
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Reference 78, page 10-41.

81. 8B

Reference 78, page 10-41

82 B

Opening the discharge valve reduces pressure
at the pump discharge, resulting in lower head.

Reference 28, part B, chapter 1, pages 320
through 325.

83. C

Posttive displacement pumps are designed to
ansure a set, positive flow rate uniess their

speed or stroke is changed. Repositioning the
discharge valve will change head only.

Reference 28, part B, chapter 1, pages 320
through 325,

1.4-28

BWR

November 1993




PUMPS
Answers

84 D

The differences between the characteristic de-
sign of e+ ~ pump is tested.

Positive displacement pumps deliver constant
flows regardirss of head.

Reference 28, part B, chapter 1, pages 320
through 325
8BS A

Reference 78, chapter 10, page 52.

86 B

A is incorrect because motor amps will increase
C is incorrect because total developed head
decreas s,

D is incorrect because pump cavitation is
increased.

Reference 78, chapter 10, page 37.

87.C

The pump discharge flow rate depends on the
pump head (effectively constant) and the
difference in elevation head between the tank
level and the discharge hose level. Lowering the
tank level reduces the elevation head and
therefore the flow ratz.

Reference 78, pages 10-4 through 10-6.

88 D

Reference 78, chapter 10

89 B

Reference 78, chapter 10.

80 D

Reference 57, chapter 6.

81. D

Reference 57, chapter 6

92. C

Referenca 57, chapter 6

93 A

Reference 57, chapter 6.

94 B

Reference 57, chapter 6.

Q5. D

Reference 57, chapter 7, page 103.

96. D

Reference 57, chapter 7, page 103.

97 A

Reference 57, chapter 7, page 103.

98. C

Feference 57, chapter 7, page 153,

92 B

Reference 57, chapter 7, page 103.
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100. B

Reference 57, chapter 7, page 103

101. D

Reference 57, chapter 7

102. A

A Is correct because an increase in pump flow
will lower pump suction pressure causing avail-
able NPSH to decrease.

B. C, and D are incorrect because

B: NPSH is not a function of pump discharge
pressure.

C: NPSH is not a function of discharge fluid
temperature.

D: NPSH decreases with increased flow as de-
scribed for A above.

Reference 40, and reference 57, chapter 6.

103. B

A and D are incorrect because they have no ef-
fect on the flow rate through the pump. Since
flow rate is not affected, NPSH is not affected.

C is incorrect because net positive suction head
will decrease due to the decrease in the margin
fo saturated conditions at the pump suction.

B is correct because if flow increases pump suc-

tion pressure will decrease, moving the pump
closer 10 saturation.

Reference 40, and reference 57, chapter 6.

BWR

104. C

A, B, and D are incorrect because:

A incomplete -- does not include saturation
head

8. minimum NPSH definition

D: ditferential pressure definition

Reference 40, and reference 57, chapter 6.

105. C

Reference 40, and reference 57, chapter 6.

106. D

D is the only correct answer. As volumetric flow
increases, pressure at the suction of the pump
decreases As suction pressure decreases,
available net posttive suction head decreases
and the probability of cavitation increases.

Reference 40, and reference 57, chapter 6.

107. C

Reference 40, and reference 57, chapter 6.

108. C

Reference 40; and reference 57, chapter 6.
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109. D 113. D

A is incorrect because, if anything, the pump will  Reference 57, chapter 6
slow down or stail due to the high back pressure

B is incorrect because friction and heat cannot 114. C

be generated if the pump components cannot

move, or move very slowly due to the high back Reference 57, chapter 6
pressure.

C is incorrect because cooling water flow will not 115 B
change
Reference 57, chapter 6
D is correct because the pump will continue to
pump the same amount of fluid, pressurizing the
discharge line 10 the closed valve and resultingin =~ 116. (
an eventual failure of the pump casing.
Reference 57, chapter 6.
Reference 40 and reference 57, chapter 6

117. D
110. A

A is correct because of the high internal pres- 118. B
sures caused by the continuous pumping of fluid
by the PD pump.

B is incorrect since the pump will more likely
slow down, if not stop, due to the high resistance
to flow. 120. C

119 B

C is incorrect because there is virtually no fluid
slip in a PD pump due to design. 121. A

D is incorrect because if the pump stalls or slows
down, friction heat wili not be generated in the
pump drive unit.

Reference 40, and reference 57, chapter €.

11. D

Reference 57, chapter 6.
112. B

Reference 57, chapter 6
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Each learning objective listed below is
preceded by the associated question
number(s) and by the number of its related
knowledge statement.

K1.01 Questions 1.3 5
Descr’ » .ne conditions associated with pump

opers . that may lead to cavitation in the
pum
K1.01 Questions 2.4

Identify the processes occurring during pump
cavitation.

K1.02 Questions 6. 9. 12

Define the term “gas binding” as # relates to

pumps.

K1.02,1.03 Questions 7, 10, 11

Explain how air binding in a pump is avoided

prior to pump start.

K1.02. 1.03 Cuestion 8

Identify the symptoms associated with gas bind-
ing in centrifugal pumps.

K1.04, 1.11 Questions 13-17

Describe the conditions associated with pump
shutoff head.

K1.04 Questions 18, 19

Explain how centrifugal pumps are protected
from shutoff head conditions.

K1.04, 1.11 Question 20, 21

Define "pump shutoff head ”

K1.05 Questions 22, 25-28

Discuss relationships among head. flow, speed
and power (centrifugal pumps)

K1.05 Questions 23, 24, 29-35

Perform caiculations involving pump speed, flow,
head. and power.

K1.00 Question 36

Explain how net positive suction head (NPSH) is
maintained for centrifugal pumps.

K1.06 Question 37

Define net positive suction head (NPSH).

K1.06 Questions 38-46

Identify the response of a centrifugal pump's
available NPSH io changes in fluid parameters.
K1.07 Questions 47, 50

Describe the effects of improper operation of
pumps upon motor current.

K1.07 Questions 48, 49, 51, 52, 53, 118
identify the different responses of motor current
when operating a centrifugal pump at various
flows and pressures.

K1.08 Questions 54-59, 117

Discuss the reason for starting a centrifugal
pump with the discharge valve closed.
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K1.09 Question 60, 61, 62

Describe the eftects of paraliel pump operation
on flow.

K1.12 Question 63, 64, 67, 68, 69, 70

identity the conditions associated with pump
runout

K1.12 Question 65
Define pump "runout

1312 Questions 66, 120

Identity those pump operating conditions that
may lead to pump runout

K1.13 Questions 71-78, 119

Explain the principies of operation ard character-

istice of a centrifugal pump.

K1.13 Questions 79-81

Draw and explain pump and system
characteristic curves.

K1.14 Questions 82, 84, 87

Explain the relationship between pump flow and
pump head for a centrifugal pump.

K1.14 Questions 83, 85, 86, 88, 89
Describe the operational characteristics of vari-

ous types of pumps related to fiow and suction
head

K1.15 Questions 90-91

explain the purpose of pump minimum flow re-
quirements (centrifugal pumps).

K1.15 Questions 92-94

State why "minimum flow protection” is provided
fur centrifugal pumps.

K1.16 Questions 95-100

State the characteristics of a positive displace-
ment pump.

K1.17 Question 101

Describe the consequences of operating a
positive displacement pump with inadequate net
positive suction head.

K1.17 Questions 102, 103

Describe the effect of fluid parameters on the
available net positive suction head of a positive
displacement pump.

K1.17 Question 104, 105

Define avaiiable net positive suction head.

K1.17 Questions 106, 107
Describe the relationship of positive displace-
ment pump speed 1o available NPSH and cavita-
tion,

i Sueat 08 .

Describe a consequence of operating a positive
displacement pump against a closed tiowpath.
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K1.18 Questions 112-116

Explain the functions and charactenstics of posi-
tive dispiacement pumps

1.4-34
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MOTORS AND GENERATORS
Questions

All of the following are indications of a locked
motor-driven pump rotor except

A pump discharge pressure drop

B. high motor current with possible breaker
trip

C. decreased flow in affected system
D. leakage through pump seals

If a locked rotor occurred with a motor-driven
pump, motor amps will change. Which of
the following best describes how and why
the affected pump motor amps change?

A increase due to mechanical binding load

B. increase due to the increase in counter
electromotive force { CEMF)

C. decrease due 1o the decrease in pump
fiow

D decrease due 10 the increase in counter
electromotive force { CEMF)

A locked motor-driven pump rotor can be dif-
ferentiated from a sheared rotor primarily by

A. system flow indications

B. pump ammeter indications

C. system differential temperatures

D. pump discharge pressure indications

Which of the following best describes the
pump motor current response o a locked
rotor evert?

increase
decrease
remains the same
fluctuates

cCOw>»

1.5
BWR

If a locked rotor occurs on an operating
motor-driven pump, motor amps will

A increase due to the decreased pump
fiow

B. increase due to the increased
mechanical load

C. decrease due to the decreased pump
flow

[J. decrease due to the increased
mechanical load

Which of the following best describes the ini-
tial response to a sheared motor-driven
pump rotor?

A. decreased pump suction pressure

B. increased pump discharge temperature
C. loss of system inventory

D. decreased pump motor current

Which of the following is pol a consequence
of motor and generator electrical insulation
overheating?

A. discoloration of parts

B. biown fuses

C. increased insulation impedance
D. electrical grounds

Which of the following consequences may
result from motor and generator electrical in-
sulation overheating?

A. increased cable resistance

B. decreased equipment iife

C. increased insulation impedance
D. decreased power interruptions

Decreased motor and generator bearing life
may resuft from

A. overheating

B. overvoltage
C. under-excitation
D

. nominal loading

November 1993
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12

13.

14.

MOTORS AND GENERATORS
Questions

Excessive motor currents can be caused by

A. overvoltage

B. undervoliage

C. low motor load

D. low ambient temperatures

Excessive A .C. motor currents cannot be
caused by which of the foliowing simultane-
ous conditions?

overvoltage while overioading
overvoltage while undericading
undervoltage while overloading
undervoltage while underioading

cowm»

Which of the following is not a cause of ex-
cessive motor current?

A undervoltage

B overload

C. mechanical binding

D low ambient temperatures

A positive displacement pump with a three-
phase AC induction motor is operating to
maintain 1600 psig in a hydraulic fluid
system. if the voltage supplied to the pump
motor is slowly reduced by 20 percent, the
pump motor current will and
motor winding temperature will

{Assume the motor does not stall )

A decrease decrease
B  increase; decrease
C. decrsase; increase
D. increase; increase

if the real ioad supplied by an A C. generator
in an isolated system is held constant while
voltage is decreased, the current supplied by
the generator will

fluctuate
decrease
increase

remain the same

oO®m>»

15 Excessive A.C. generator currents can be
caused by

A. overvoltage
B undervoltage

C. overioading
D. all of the above

16. A centrifugal pump is operating with the
following parameters:

Speed = 1,800 rpm
Current = 40 amperes
Pump Head = 20 psi

Pump Flow Rate = 400 gpm

What will be the new vaiue of pump head
and current if the speed is increased to
2.000 rpm?

A. 22 psi, 44 amps
B. 25 psi, 44 amps
C. 22 psi, 55 amps
D. 25 psi, 55 amps

17. Centrifugal pump motor current will
as pump speed is increased to double the
flow rate.

A remain constant

B increase by a factor of two
C. increase by a factor of four
D. increase by a factor of eight

18. Given the following conditions for a variabie-

speed metor-driven centrifugal pump.

Flow rate = 2000 gpm
Motor current = 100 amperes

If the flow rate is increased to 4000 gpm,
which one of the following motor current

values most closely approximates the actual

value?

200 amperes
400 amperes
800 amperes
1600 amperes

ocowm»
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20.

MOTORS AND GENERATORS
Questions

A centrifugal pump has a flow rate of 3,000
gpm and a current reguirement of 200 am-
peres. If the speed is reduced such that the
flow rate is 2,000 gpm, what is the final cur-
rent requirement at the new lower speed?

A. 58 amperes
B. B89 amperes
C. 133 amperes
0. 150 amperes

A centrifugal pump is operating at 600 rpm
with the following parameters:

current = 10 amperes

pump head = 50 psi
pump flow rate = 880 gpm

What will be the new value of pump head if
speed is increased such that the current re-
guirements are now 640 amperes?

A. 600 psi
8. 800 psi
C. 750 psi
D. 1,200 psi

. Assuming pump flow remains constant, an

increase in the stator temperature of a cen-
trifugal pump motor will cause the motor cur-
rent requirement 1o

increase
decrease
remain constant
fluctuate

oow>»
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22.

23.

24

Assuming pump flow and applied voltage
remain constant, an increase in the stator
temperature of an operating centrifugal
pump motor will cause the motor current to

A. increase b« .use stator resistance
increases

B. increase because stator resistance
decreases

C. decrease because stator resistance
increases

D. decrease because stator resistance
decreases

A centrifugal pump has been running at an
elevated temperature due to insufficient
ventilation lineup to cool the pump motor.
Assuming pump fiow rate and applied
voltage remain constant, how will decreasing
motor temperature affect the motor current?

A. Increase, because motor efficiency
decreases

B. Decrease, because motor efficiency
Increases

C. increase, because stator resistance
decreases

D. Decrease, because stator resistance
increases

Starting current in a large A.C. motor is typi-
cally times full-load rated current.

“ 14t01/2
H Zto3

. 5106
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MOTORS AND GENERATORS
Questions

The average starting current for an
atternating cutrent motor is approximately
- ts normal running current
the same as

two 1o three times

five to six times

ten to fiteen times

oOm>»

Which one of the following describe the
motor current indications that would be
observed during the start of a large AC
maotor-driven centrifugal pump with a closed
discharge valve?

A Current immediately increases to the
full-load value and gradually decreases
to the no-load value over several
minutes

B Current rapidly increases to the no-load
value over several seconds and
stabilizes

C. Current immediately increases to many
times the no-load value and then rapidly
decreases 1o the value after several
seconds

D. Current immediately increases to many
times the no-load value and then
gradually decreases to the no-load value
after several minutes.

High induced rotor currents due to maximum
slip, and amps five to six times norma;
full-load running current, describe the re-
sponse of a large A.C. motor during which of
the following events?

motor start

motor at breakdown torgue
motor in thermal overicad

motor with commutator flazhover

ocOom>»

28.

29

154
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Which of the following best describes the
ammeter response during the normal start of
a large A.C. motor-driven centrifugal pump?
Assume discharge valve is closed.

A The amps will stay on scale (because
motor start is the basis for range selec-
tion) and then return to the no-load
value.

B The amps will go offscale high and then
return to the no-load value as the pump
comes up to speed.

C. The amps will rise to the full-load vaiue
and then return to the no-load value as

the pump comes up to speed.

D. The amps will go offscale high and then
return o the fuil-load value because the
pump is operating at shutoff head.

Explain why a limit exists on the frequency of
starts of large A.C. induction motors.

. Which of the following is the reason for limit-

ing the number of motor starts in a given
time period?

A minimizes pitting of starter contacts

B. prevents excessive torsional stresses on
motor shaft

C.  prevants overheating of motor windings

D. minimizes axial stresses on motor bear-
ings

November 1993
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MOTORS AND GENERATORS
Questions

The number of starts for an electrical motor
in a given period of time should be limited
because

A. overheating of the windings can occur

B excessive shaft torque is generated dur-
ing motor startup

O

starting currents usually exceed the
amperage rating of the supply bus

D. the starting torque increases bearing
wear

Which of the following is not a reason for lim-

iting the number of motor starts in a given
time period?

A. Overheating of windings may occur dur-
ing repeated motor starts.

B. Running current is much higher than
starting current.

C. Limiting the number of starts increases
the ife of the motor.

D. Limiting the number of starts decreases
the possibility of insulation failure during
motor startup.

Which of the following best explains the rea-
son for limiing the number of motor starts in

a given time period?

A. Running current is higher than starting
current.

B. Motors are normally started under
full-load conditions.

C. The technical manual imposes this
restriction,

D. This practice prevents overheating of
windings.

BWHR
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35.

Motor winding overheating may be reduced
by

A. increasing the reactive current fiow in
the stator windings

B limiting the number of motor starts al-
iowed in a given time period

C. decreasing the voltage supply to the
motor during full-load operation

D. decreasing tho number of stator poles
during the stai” sequence

For large electric rvotors, why must the
number of starts over a period of time be
limit=d?

A profect the power supply cables from
insuiation breakdown due to high starting
current

B. protect the motor windings from
overheaating

C. prevent motor thrust-bearing damage
due to lack of lubrication

D prevent rotor seizure due to thermal
expansion of the windings

. The frequency of large AC motor starts

shouid be limited to prevent excessive
A. torsional stresses on the motor shaft.
B.  wear of pump thrust bearings.

C. arcing and degradation of motor breaker
contacts,

D. heat buildup within the motor
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MOTORS AND GENERATORS
Questions

The term “volt® refers to

A

B.

C
D

electrical potentiai difference
elactron flow

electron magnitude

power transfer

A difference in electrical potential is mea-
sured in what units?

A

B
C
D

amperes

volts

ohms

volt-amps reactive

The term "amperes” refers to the flow of

ocom>»

neutrons
neutrinos
electrons
protons

A flow of electrons is measured in whal
units?

com>»

volt-amps reactive
ohms
volts

amperes

Current that is continually oscillating above
and below electrical zero is called

oom>»

rectified current
direct current
alternating current
applied current

Current that flows from point A 1o point B
continuously is called

BWR

direct current
dielectric current
distributed current
divisional current

43 Frequency is measured in units of

volts
amps
waves
hertz
44. Hertz is a unit of
resistance
current

frequency
vollage

oCOoOm» I COm>

45. A generator is paralleled 1o the grid with
excitation that produces no reactive power.
Which of the following statements correctly
states the effect of lowering the output

voltage controls?

Generator Excitation  Power Factor

overexcited
underexciied
underexcited
overexcited

COm»

leading
lagging
leading
lagging

46. A genetator is paralieled to the grid with ex-
citation that produces no reactive power.
Which of the following statements correctly
states the effect of raising the outpiunt voltage

controls?

Generator Excitation ~ Power Factor

A overexcited
B. underexcited
C. underexcited
D. overexcited

156
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47. Which of the following correctly describes
the effects on generator excitation with the
generator paralleled to the grid?

A Increasing field current increases excita-
tion and shifts power factor from lagging
toward leading.

B. Increasing tield current increases excita-
tion and shifts power factor from leading
toward lagging

C. Decreasing field current increases exci-
tation and shifts power factor from lead-
ing toward lagging.

0. Decreasing field current increases exci-
tation and shifts power factor from
lagging toward leading

48. Which of the following statements correctly
describes how a generator paralieled to the
grid with no reactive load can be adjusted to
supply VARs out?

A. Decrease excitation and shift to a lead-
ing power factor.

B. Increase excitation and shift 1o a lagging
power factor.

C. Decrease excitation and shift to a lag-
ging power factor.

D. Increase excitation and shift to a leading
power factor

49. A generator is paralleled tc the grid; its real
power (MWe) is constant, and its reactive
power (MVAR) is indicating VARs out. De-
creasing the generator excitation has which
of the following effects?

A apparent power decreases, reactive
powar increases

B apparent power increases, reactive
power increases

BWR

C  apparent power decreases, reactive
power decreases

D. apparent power increases, reactive
power decreases

50. The main generator is connected to the grid.

51.

1.5-7

Which of the following characteristics will an
underexcited generator exhibit?

A. negative megavars (VARs in) and a
leading power factor

B positive megavars (VARs out) and a
leading power factor

C. positive megavars (VARs out) and a
lagging power tactor

D. negative megavars (VARs in) and a
lagging power factor

A main generator that is operating on the
gnd has the foliowing indications

100 MWe
0 MVAR

2,900 amps
20,000 volts

if main generator excitation is reduced.
ampswill____ and MWe will

decrease; decrease
increase; decrease
decrease; remairn the same
increase, remain the same

oom>»
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MOTORS AND GENERATORS

Questions

The main generator is operating on the grid
with the following indications

100 MWe
100 MVAR (VARSs out)
2,800 amps

If main generator excitation is increased
slightly. amps will “and MWe will

A. decrease, increase
B. increase; increase
C. decrease; remain the same
D  increase; remain the same

The main generator is connected to the grid
with VARs out (positive VARS). Increasing
main generator excitation will cause main
generator current to _ and main
generator VARSs to

A. increase, decrease
B. increase; increase
C. decrease, decrease
D. decrease; increase

. A 24,000 VAC generator is operating at 800

MWae, 20,700 amperes, and a negative 325
MVAR (VARSs in). What is the power factor.

A 0.83 leading
B. 0.93 lagging
C. 081 leading
0. 0.81 lagging

A 4160 volt diesel generator (D/G) is loaded
fo 2850 kW with a 0. 85 lagging power factor
What is the kVAR load on the D/G?

A
B

C.
D.

3353 kVAR
2850 kVAR
1766 kKVAR
503 kVAR

56

57

59.

158

The force that causes electrons to flow in an
electrical circuit is called:

A current
B power
C.  resistance
D. voltage

A diesel generator (D/G) is the only power
source supplying an electrical bus. If D/G
frequency is increased from 60 to 60.5
Hertz, then D/G kW will be and
D/iGampswillbe _________ (Disregard
the effect of the frequency change on
individual loads )

A. the same; higher
B. the same; the same
C. higher: higher

D. higher; the same

- A 125 volt DC load is rated at 10 kW. What

is the current rating of the load?

A B9amps
B. 462 amps

C. 80.0 amps
D. 138.6 amps

A motor-driven centrifugal pump exhibited
indications of pump failure while being
started. Which one of the following pairs of
indications will occur if the pump failure is a
sheared impeller shaft?

A Excessive duration of high starting
current and motor breaker trips.

B. Excessive duration ol high starting
current and no change in system flow
rate.

C. Lower than normal running current and
motor breaker trips.

D Lower than normal running current and
no change in system fiow rate.
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Questions

60. Continuous operation of a motor at rated
load with a loss of required cooling to the
motor windings will eventually resuft in

A

B

BWR

cavitation of the pumped fluid

failure of the motor overcurrert
protection devices

breakdown of the motor insulation and
electrical grounds

phase current imbalance in the motor
and overspeed trip actuation

1.5-¢
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MOTORS AND GENERATORS
Answers

In addition to the correct answer, a brief ex-
planation of the answer (if needed for clar-
ity), is provided along with a reference for
each question/answer. Reference numbers
are keyed to the list of references in Ap-
pendix B.

1. D

A locked rotor would not typically cause seal
faillure

Reference 39, page 193

2. A

A iocked rotor will cause pump amps to increase
as the mechanical [binding) load causes the
rotor speed to decrease

Reference 38, page 193

3 B

System response {o a sheared or locked rotor
event will be the same. The primary indicator
will be the effect on pump amips. If the rotor

shears, the motor amps decrease 10 a minimum.
If the rotor locks, motor amps will increase

Reference 39, page 193

4 A

A locked rotor will cause pump amps to increase
as the mechanical (binding) load causes rotor
speed to decrease.

Reference 39, page 193,

5 B

Reference 39, page 193

6 D

Removing the load on the motor results in less
current being drawn

Reference 39, page 183
7. C

Overheating of equipment results in decreased
equipment life due to the physical breakdown of
any insulation material. Degeneration of the
insulating material could lead to grounds or
shorts.

Reference 71, chapter 3, pages 1, 3, and 143
and reference 64, page 72.

8 B

Overheating of equipment results in decreased
equipment iife due to the physical breakdown of
any insulation material.

Reference 71, chapter 3, pages 1, 3. and 16,
and reference 64, page 72

9 A

Overheating of bearings due to improper lubrica-
tion, undervoltage (which increases the torque
loading of the machine), or abnormal (excessive)
loading will result in decreased equipment life ex-
pectancy.

Heference 71, chapter 9, pages 1, 9, and 47,
and reference 64, page 72.

10. 8

An undervoltage condition will cause excessive
current because in order 10 supply a constant
torque (load), current must increase as voltage

decreases.

Reference 39, page 154

1.5-10

BWR
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11. B

Excessive motor currents cannot be developed
inan A.C. motor axperiencing overvnitage and
an underioading condition. Overloading can
cause a high current condition regardiess of the
voltage. undervoltage could also cause exces-
sive current even if the motor is underioaded.

Reference 39, page 194

i2. D

The causes of excessive motor current are
undervoltage, overload and mechanical binding.

Reference 39, page 194

13. D

Reference 39, page 194,

14. C

By the definition of real power, a decrease in
voltage mus! be accompanied by an increase in
current.

Reference 64, page 124

15 D

Excessive generator currents can be caused by
overioad, overvoltage or undervoltage. In the
case of overvoltage or undervoltage, the high
currents resuft from the positive or negative
MVARs provided by the generator.

Reference 21, chapter 5.

BWR

16. D

fiow a speed

head o speed squared

power a speed cubed o current
Reterence 78, chapter 10, page 36 and
reference 02, page 10

I

speed o flow
speed3 o power a current

current,, = current, (ﬂow2)3/(ﬂow1 )3

2

Assuming initial flow rate is 1 and initial current is
1 then

¢ ent,=(1) (2)37(1)3
currem2 =8
Reference 78, chapter 10, page 36; and

reference 02, page 10.
18. C

Current is proportional 1o speed (and theretore
flow) cubed.

current? = currenty (ﬂowz)3/§ﬂow1)3
= (100 amp) (4000)3/(2000)3
= 800 amp

Reference 78, page 10-36

1.511
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Answers
18 A 23 B
power o current
24. C
purnp fiow o pump speed
Observed/measured parameter

current,, = current (speed2)3 / (spaod1)3

current,, = current, (ﬂowz)3/ (flow )3

2

cuirent,, = 200 amp (2000 gpm)3 / (3000 gpm)3

2
cumml2 = 59 amperes
Reference 78, chapter 10, page 36, and ref-
erence 02, page 10.

20. B

current,, = current, (apoed2)3 / (speed 1)3
speed,3 = ((current,) (speed,)3] / (current,)
speed,3 = ((640) (600)3)/ (10)

speed2
head, = head, (speed,)?/ (speed )

= 50 psi (2,400)2 / (600)2

= 2,400 RPM

2

Reference 78, chapter 10, page 36, and
reference 02, page 10.

21. A

As temperature of copper wire located in stator
rises, the rasistance of the stator rises. This will
produce heating in the stator requiring non-useful
power 1o be produced to further accommodate
the increased heating load.

2 C

Reference 39, page 194

25. C

Reference 39, page 194

26. C

Starting current is typically five or six times the
full-load rated current.

Reference 39, page 194

27. A

Motor starting currents are typically five to six
times fuil-load current with maximum (100%)
slip.

Reference 39, page 194

28 B

Motor starting currents are typically five to six
times full-load current (2/3 of meter range).
Therefore, amps will go off scale high and then
return 1o the no-load value since the pump is op-
erating at shutoff head.

Reference 38, page 194

1512
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29.

The starting current for an A C. induction motor
is five 1o six times greater than the running
current. The relatively large starting current
produces relatively large 1R iosses in the stator
windings, resulting in heating of the windings. If
adequate time is not allowed for this heat to
dissipate between motor starts, the windings can
overheat, possibly damaging the motor.

30. C

Because starting current is five to six times
higher than normal running current, o{pessive
heating of windings will result due to I"R losses
in windings. As windings increase in tempera-
ture, increased starting current requirements wil
exist, increasing the overheating problem.

Reference 39, page 194; and reference 72,
chapter 4, page 20.

31. A

Because starting current is five to six times
higher than normal running current, excessive
heating of windings will result due to IR losses
in windings. As windings increase in tempera-
ture, increased starting current raquirements wil!
exist, increasing the overheating problem.

Reference 39, page 194; and reference 72,
chapter 4, page 20
32 B

Starting current is five 1o six times greater than
normal running current.

Reference 39, page 194, and reference 72,
chapter 4, page ..

33 D

Because starting current is five 10 six times
higher than normal running current, eWe
heating of windings will result due to I”R losses
in windings. As windings increase in tempera-
ture, increased starting current requirements will
exist, increasing the overheating problem,

Reference 39, page 194 and reference 72,
chapter 4 page 20.

34 B

Because starting current is five to six times
higher than normal running current, oy:mive
heating of windings will result due 1o I"R losses
in windings. As windings increase in tempera-
ture, increased starting current requirements will
exist, increasing the overheating problem.

Reference 39, page 94, and reference 72, chap-
ter 4, page 20.

3. B

Because starting current is five to six times
higher than normal running current, excessive
heating of windings will result due to I12R iosses
in windings. As windings increase in temperta-
ture, increased starting current requirements wiil
exist, increasing the overheating problem.
Reference 38, page 94; and reference 72, chap-
ter 4, page 20.

36 D

Reference 39, page 94, and reference 72, chap-
ter 4, page 20.

37. A

A volt is a difference in potential.

Reference 47.

1.5-13
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38. B
A volt is a difference in potential.

Reference 47

3. C

The term "amp® refers to the number of electrons
passing a point per given time

Reterence 47,

40. D

The term "amp" refers to the number of electrons
passing a point per given time.

Reference 47.

41. C

Reference 47

42 A

None of the other "D" word answers describes
current flowing at a constant magritude.

Reference 47

43. D

“‘Cycles per second” is not offered as a possible
answer.

Reference 47.

4 C

"Hertz" does not apply to resistance, current, or
voltage

Reference 47

45 C

Lowering voltage controls causes
underexcitation and a leading power factor.

Reference 34, chapter 7, page 62a.

46. D

Raising output voltage controls increases reac-
tive ioad by going to the overexcited state and
producing a lagging power factor.

Reference 34, chapter 7, page 62a.

47. B

Decreasing field current decreases excitation,
eliminating "C" and "D."

increasing field current increases excitation,
shifts toward lagging power factor, eliminating
WAA L

Reference 34, chapter 7, page 62a.

48. B

In the overexcited region, lagging power factor
supplies positive VARs

Reference 34, chapter 7, page 60.

48 C

Decreasing excitation decreases reactive ivad,
eliminating *A* and "B *

Decreasing reactive load while maintaining real
load constant causes a reduction in apparent
power due o the Pythagorean relation in the
power triangle, eliminating “D." leaving “C."

Reference 34, chapter 7, page 60.

1.5-14
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50. A

Reference 34, chapter 7, page 60.

51. D

Any change in exciiation will change generator
current. When excitation is reduced the machine
i$ increasing under excitation, therefore, current
increases. Changing the excitation has little
effect on real power.

Reference 34, chapter 7.

52. D
Increasing excitation causes generator to
increase overexcitation, therefore increasing

current. Changing excitation has littie effect on
real power.

Reference 34, chapter 7.

53. B

Same as above. Reactive power increases with
increase in overexciation

Reference 34, chapter 7, page 60

54. A

PF = Real Power/Apparent Power
AP = J3 x Amps x Voits

Negative VARs (VARSs in) indicates
a leading power factor.

Reference 34, chapter 7.

55 C

PF = Real Power/Apparent Power
AP = Real Power/Power Factor
AP = 2850/ 85

AP = 3352 MVA

AP = JPE L QF
Q2 = AP2 - p2
Q= /(3353)? - (2850)°
Q = 1766 kVAR

Reference 34, chapter 7.

56. D

57. B

59. D

1.5-15
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MOTORS AND GENERATORS
Learning Objectives

Each learning objective listed below is
preceded by the associated question
number(s) and by the number of its related
knowledge statement.

K1.01 Questions 1.2.4.5

State the indications of a locked motor-driven
pumgp rotor.

K1.01 Questions 3.6

Differentiate between the indications of a locked
motor-driven pump rotor and a sheared rotor.

K1.02 Questions 7-9, 60

Identify the potential consequences of overheat-
ing motor and generator electrical insulation.

K1.03 Questions 10-13

State the causes of excessive current in motors.

K1.03 Questions 14.15
State the causes of excessive current in
generators.

K1.04 Questions 16, 18-20

Caicuiate the relationship that exists between
centrifugal pump motor current and the following
associated parameters.

1) pump fiuid fiow rate
2) pump head
3) pump speed

K1.04 Questions 17, 21-23

identify the relationship that exists between cen-
trifugal pump motor current and the following
associated parameters.

1) pump fluid flow rate

2) pump head

3) pump speed

4) stator temperature

K1.05 Questions 24-28, 59

Identify the observed indication differences be-
tween starting and running current in a motor.
K1.06 Questions 29-36

Identify the reasons for limiting the number of
motor starts allowed in a given time period.
K1.07 Questions 37, 38, 56

Define the term "volt.*

K1.07 Questions 39, 40

Define the term “ampere *

K1.07 Question 41

State the definition of "alternating correct.”

K1.07 Question 42
State the definition of “direct current

K1.07 Questions 43, 44
Define the term “hertz "

1.516
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Learning Objectives

K1.08, 1.09 Questions 45-55

Describe the efiect of changing the excitation of
a generator paralleled to the grid on its reactive
loading

K1.07 Questions 57, 58

Interreiationships of the following: VARs, watts,
amps, volts, power factor

1.517
BWR
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HEAT EXCHANGERS AND CONDENSERS
Questions

As steam (shell) and liquid (tube) heat
exchangers are put into service, the

A, steam side is valved in before the water
side to minimize scale buildup on the
heat exchanger tubes

B. steam side is valved in before the water
side to ensure that the cooldown rate
does not exceed 100" F/hr

C. water side is valved in before the steam
side (o ensure adequate venting

D. water side is valved in before the steam
side to prevent thermal shock from
occurring

When placing a heat exchanger in service,
care mus! be taken to introduce both fluids
gradualiy to

A prevent excessive thermal stresses in
the heat exchanger

B. maximize heat exchanger efficiency

C. minimize fouling of the heat exchanger
tubes

D. provide maximum control of cooling
walter outlet tempernure

Whenever possible, a heat exchanger
should be placed in service by introducing
both fluids gradually and simuttaneously to

A. minimize thermal stresses in the heat
exchanger

B. maximize the heat transferred across the
heat exchanger tubes

C. minimize boiling of the cooling water in
the heat exchanger tubes

D. maximize temperature control of the
system being cooled

1.6-1
BWR

4. An improperly filled and vented heat ex-

changer can result in which of the following
problems?

A. increased heat trannfer surface area
B reduced tube fouling

C. increased AT from iniet to outlet

D. reduced abiiity to transfer heat

A reduction in a heat exchanger's ability to
transfer heat may be a consequence of

A improper filling and venting
B. pressure fluctuations in the system

C. opening the heat exchanger inlet valve
before the outlet valve

D. a cracked tube

A liquid-to-liquid heat exchanger containing
trapped air on the sheil side will be less effi-
cient because the air

A causes more turbulent fluid flow

B. increases the differential temperature
across the tubes

C. reduces heat transfer surface area
D. causes pressure cscillations

The proper filling and venting of a shell and
tube heat exchanger results in

A. reduced fouling of the tubes

B. higher pressure on the shell side
C. minimum flow through the sheil
D. elimination of trapped air

Poor heat exchanger efficiency may be the
result of

tube wall thinning

improper filling and venting
increased AT across the tube surface
turbulent flow in the tubes

com>»
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Questions

§.  Why is proper venting of a sheil-and-tube
heat exchanger important?

A. An air bubble reduces the heat transter
coefficient of the heat exchanger.

B. An air buble causes pressure transients
within the tubes as heat load changes

C. An air bubble will cause thermal shock
as it moves through the heat exchanger.

D. An air bubble will cause corrosion in the
heat exchanger.

10. Refer to Figure 1.6-1 for the folio:/ing ques-
tion: All valves are identical and are initially

50% open. The temperature at point 7 is ex-

ceeding operating limits. To lower the tem-
perature at point 7, the operator could adjust

valve ___inthe _ direction.
A A open
B. B, open
C. C, closed
D. D, closed
g FIGURE 1.6-1 i
RETURN FROM
b SYSTEM
SYSTEM
: A 5409 § 2
— =
B3 |
g fc
250°F 14 5
90°F Cooll
g D8 Vlahrn'
110°F
122°F4 7
lon Exchanger
- ”

Water Cleanup System

11

12.

13.

Refer to Figure 1.6-1 for the following ques-
tion:

Vaives A, B, and C are fully open. Valve D
is 20 percent open. All temperatures are as
shown. Valve D is then quickly opened to
100 percent. The {emperature at point

A 3 will increase
B. 4 will increase
C. & will decrease
D. 7 will decrease

Refer to Figure 1.6-1 for the following ques-
tion:

All valves are identical and are initially 50%
open. The temperature at point 7 is exceed-
ing cperating limits. To lower the tempera-
ture at point 7, the operator should adjust
valve _____in the open direction.

A
B

C.
D.

cowm>»

The direction ¢f heat transfer between two
fluids is

A determined by fluid speed

B. from the lower viscosity fluid to the
higher viscosity fluid

C. dependent upon the type of heat ex-
change

D. from the higher temperature fluid to the
lower temperature fiuid

November 1993
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HEAT EXCHANGERS AND CONDENSERS
Questions

Given the 'ormula, Qcou = Meore (hm - hn, .
which of the following causes the initial
change in heat transfer rate from the core
during a minor (3%) steamline Lreak?

A. hgy decreases
B. hgout increases

C. meore decreases

D. mcore increases

The rate of heat transfer between two liquids
in a heat exchanger will be increased if the:
{Assume single-phase conditions and a
constant specific heat capacity )

A. temperature of both liquids is decreased
by 20'F

B temperature of both liquids is increased
by 20°F

C. fiow rate of the colder liquid is decreased
by 10%

D. flow rate of the hotter liquid is increased
by 10%

Refer to the drawing of a water cleanup
system (Figure 1 6-1).

Valves A, B, and D are fully open. Valve C
is 20% open. all lemperatures are as
shown, Valve C is then opened to 50%.
How will the temperature at points 3 and 6
be affected?

Point 3 Point 6
A Increase Increase
B Decrease Increase
C. Increase Decrease
D. Decrease Decrease

BWR

17

18.

19.

Which of the following would ingrease the
system fluid's temperature downstream of a
heat exchanger?

A. Increase cooling water flow rate to the
system's heat exchanger

B. Increase system bypass fiow around the
heat exchanger

C. Heduce cooling water bypass flow
around the heat exchanger.

D. Reduce the temperature of the cooling
water supplied to the heat exchanger.

Which of the following would reduce the sys-
tem fluid's temperature downstream of a
heat exchanger?

A. Increase system bypass flow around the
heat exchanger.

B. Increase the speed of the system's
pump.

C. Increase the flow rate of cooling water to
the heat exchanger.

D. Increase system net positive suction
head.

If the flow rate of cooling water to a heat ex-
changer remains constant, and the system's
heat exchanger bypass valve is throttied
open an additional two tums, the tempera-
ture of the fluid in the system will

A. increase to a new higher vaiue

B. increase temporarily, then return to the
inttial value

C. decrease to a new lower value

D. decrease temporarity, then return to the
inttial vaiue
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20. Decreasing the temperature of a cooled

21

system using a shell-and-tube heat
exchanger is normally accomplished by

A. increasing the cooling system flow
B. increasing the cooled system flow
C. decreasing the cooling system flow
D. decreasing the cooled system flow

A counterflow lube oil cooler is in operation.
Qil is cooled from 110 "F to 100 "F; cooiing
water flows at 16,667 bV hr tc cool the oil
and rises in terperature from 70 'F to

100 "F. The cooling water flow is then re-
duced to one-half of its former value. Indi-
cate whether each of the following will in-
crease, decrease or remain the same.
(Assume cooling water inlet temperature
remains the same.)

Lube Oil Lube O  Cooling Water
Outlet Inlet Outlet
Temperature Temperature Temperature
A Increase Decrease Increase
B. Decrease Increase Decrease
C. Increase Increase Increase
D. Remainthe Remainthe Remain the
Same Same Same

. If the temperature of the fiuid in a flowing

system increases while voiume flow rate re-
mains constant, the mass flow rate will

increase
decrease
remain constant
fluctuate

oom>»

23. Refer to the drawing of a lube oil heat

exchanger (Figure 1.6-2).

Considering a lube oil heat exchanger for
which the inlet oii and inlet cooling water
temperatures are constant, decreasing the
oli flow rate through the heat exchanger will
cause the oil outlet temperature {0

and the cooling water outiet
temperature 10 S Y

A increase, increase
B. increase, decrease
C. decrease, increase
D. decrease, decrease

~

'd i
FIGURE 1.6-2
i
i
WATER ) :ﬁ:""‘") —

il
LUBE O

Lube Oil Heat Exchanger

24. Refer to the drawing of a lube oil heat

1.64

BWR

exchanger (Figure 1.6-2).

Increasing the oil flow rate through the heat
exchanger will cause the oil outlet
temperature to and the cooling
water outiet temperature to !

increase; increase

increase; decrease
decrease,; increase
decrease, decrease

oo®m»
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Questions

25. Using the information provided below, and 27

referring to Figure 1.6-3, determine the

approximate differential temperature (AT) of
the cooling water in this counterfiow lube oil

heat exchanger

Qoil = 9.8 x 105 BTU/hour
Cpoil = 1.1 BTU/bm - °F

Cp water = 1.0 BTU/lbm - °F
T, = 170°F

To, = 120°F

Mgy = 18x 10'4 Ibmvhour
Myater = 1.65 X 104 Ibm/hour

A 45°F
B. 50°F
C. 56°F
D. 60°F
) 28.
f FIGURE 1.6-3
To2
T ol ——d COOLING WATER -—p Te2
LUBE O l 29.
To1

Counterfiow Lube Ol
Heat Exchanger

26 A counterflow heat exchanger has a heat
transter rate of 1.0 x 107 BTU/hour and inlet

and outlet fluid temperatures of 170 “F and
134 'F, respectively. The specific heat ca-

pacity of the fluid is known to be 1.0

BTWIbm - “F. Determine the approximate

mass flow rate of the fluid.

5.9 x 104 bmvhour
7.4 x 104 bmvhour
2.8 x 10° bmvhour
1.0 x 107 bmvhour

Do®>»
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165

Therma! shock, as applied to heat exchang-
ers, is best defined as

A. achange in temperature that induces
excessive thermal stresses on heat ex-

changer components

B. overexposure of heat exchanger compo-
nents to thermal neutrons

C. exposing heat exchanger compo: .unis 1o
a temperature increase greater than

50°F in one hour

D exposing heat exchanger components to
a lemperature decrease of greater than

50°F in one hour

A severe stress in a mechanical component,
induced by a sudden, unequally distributed
ternperature reduction, is a description of

A. heat strass
B. thermal shock
C. thermal strain
D. heat strain

Which of the following will result in thermal
shock 10 a pressure vessel?

A. vessel "soak"

B. rapid change in temperature
C. rapid change in power

D. rapid change in flow

30. The major thermodynamic concern resulting

from rapidly cooling a pressure vessel is

A. loss of subcooling margin
B. condensation
C. loss of shutdown margin
D. thermal shock
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33.

HEAT EXCHANGERS AND CONDENSERS
Questions

The reactor is shutdown at 400°F with all
control rods fully inserted. The major
adverse conseguance resulting from rapidly
reducing the reactor coolant/moderator

temperature is

A, excessive stress in the ceramic fuel
peliets of the reactor core

B excessive stress on pressure vessel wall
C. uncontrolled reactor criticality

D. loss of subcooling

. Steam has been ad tted to a condenser for

25 minutes with no cooling water during a
condenser startup. Initiating cooling water at
this time will

A. reduce the stress on the shell of the heat

exchanger by gradually warming the
shell

B. reduce the stress on the tubes of the
heat exchanger by gradually warming
the tubes

C. induce rapid thermal stresses on the
welds joining the tubes 1o the tubesheet

D induce rapid thermal stresses on the
shell of the heat exchanger

Condensers are heat exchangers that are
designed to remove which of the following
types of heat?

A, latent and sublimation heat
B. sensibie and sublimation heat
C. latent and sensible heat

D. sensible heat only

. Which one of the following does not affect

condenser vacuum?

A turbine speed
B non-condensable gas buildup
C  circulating water temperature
D air in-leakage

35.

¥ Dow>»

a7.

1.66

BWR

Condenser vacuum is affected by changes in
circulating water temperature, air inleakage,
and circulating water fiow. For the following
indicated changes in these three parame-
ters, how dees condenser vacuum respond?

Circulating
Water Air A Circulating
Temperature Inleakage Water Pump
Increases Decreases |s Stopped

Increases decreases  decreases
decreases  increases decreases
decreases  increases increases
decreases decreases decreases
Which of the following is not a function of a
plant's main condenser?

A, condense turbine axhaust steam for
reuse

B provide a heat sink for circulating water
C. reduce back pressure at turbine exhaust
to improve overall plant thermal effi-

ciency

D deaerate condensate 10 ensure low lev-
els of dissolved oxygen

Which of the following changes will decrease
subcooling of the condensate water?

A isolate one bay of the condenser
circulating water system

B. decrease circulating water temperature
C. increase circulating water flow

D. decrease the main turbine generator
megawatt load
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39

40.

41

42.

HEAT EXCHANGERS AND CONDENSERS
Questions

During normal reactor operation, a main
condenser deveiops an air leak which
decreases vacuum at a rate of 1 in Hg/min.
Which of the following would increase
because of this condition?

A. extraction steam flow rate

B condensate hotwell temperature

C. LP{urhine exhaust steam moisture
content

D steam cycle efficiency

A condenser vacuum indication of 26" Hg
vacuum corresponds to a condenser abso-
lute pressure value of approximately

A 0" Hg
B. 4"Hg
C. 26"Hg
D. 30" Hg

A condenser absolute pressure of 4" Hg cor-
responds 10 a condenser vacuum of approxi-
mately

A. 0" Hg vacuum
B 6" Hg vacuum
C. 26" Hg vacuum
D. 30" Hg vacuum

During full power plant operations, a small
air leak occurs in the main condenser(s),
which causes condenser vacuum io begin to
degrade. As condenser vacuum degrades,
condenser absolute pressure will

A Increase
B decrease
C. remain constant
D. fluctuate

During full power plant operations, a small
air leak occurs in the main condenser(s),
which causes condenser absolute pressure
o begin to increase. As condenser absolute
pressure increases, condenser vacuum will

increase
fluctuate
remain constant
decrease

oom>»

BWR

43

45

47

Condenser vacuum is approximately
when condensei absolute pressure is 7" Hg.

A. 0" Hg vacuum
B. 7" Hg vacuum
C. 23" Hg vacuum
D. 30" Hg vacuum

A pressure gauge on a condenser reads 27
inches of mercury (Hg) vacuum. What is the
absolute pressure corresponding to this
vacuum? (Assume an atmospheric pressure
of 15 psia.)

A 10psia
B. 15psia
C. 135 psia
D. 14.0 psia

A steam-driven turbine exhausts to a
condenser. As condenser vacuum is
increased, the turbine backpressure will
and the turbine power output

e

wili

A increase; increase
B. increase; decrease
C. decrease; increase
D. decrease; decrease

. Using steam tables, determine the saturation

pressure associated with coolant at 440 'F.

A. 38154 psia
B. 41408 psia
C. 449 40 psia
D. 45403 psia

Using steam tables, determine the saturation
pressure for coolant at 548 'F.

1,014 48 psia
1,014 .94 psia
1,024 .89 psia
1.028.48 psia

oo®m»

November 1993



49

51

HEAT EXCHANGERS AND CONDENSERS
Questions

temperature for coolant at 450.00 psia.

A 42314°F
B 44382 °F
C. 45628°F
D. 46317 °F

What is the saturation temperature for a
boiling water reactor (BWR) operating at 920
psig.? [Use steam tables]

A 5326°F
B. 5338 °F
C. 5365°F
D 5384°F

Using steam tables, determine the state of
walter al 20 psia and 250 “F

A. subcooled liquid

B saturated liquid

C. mixture of s=*rated liquid and vapor
D. superheateu \apor

Which of the following best defines the term
flud hammer ( sometimes referred to as
water hammer or liquid hammer)?

A the overall effect of pressure transients
in a piping system caused by rapid tem-
perature changes

B. the shock imposed on a pressurized,
closed system due o the ramp increase
in speed of a vanable speed pump

C. the overall effect of pressure transients
in a piping system caused by a rapid
change in system flow

D. the overall effect of rapid volumetric

changes in a piping system's mass,
caused by fluid density changes

BWHR

. Using steam tables, determine the saturation 52, What is the reason for ensuring that a piping

system is completely filled and vented prior

fo inftiating system flow?

A. minimize system head loss

B. ensure all non-condensables are re-
moved from the piping system to reduce
system corrosion

C. preclude a reduction in the system's
overall heat transter coefficient

D minimize the potential for a water ham-
mer

The primary reason for siowly opening or
jogging open the discharge valves of large
pumps is 1o minimize the

net positive suaibn head requirements
potential for & water hammer

cycle efficiency reauctions

© 0 ® »

potential for scale breakaway and subse-
quent fouling of heat exchanger tubes

. Which of the following actions is not a

precaution/action that is implemented to min-
imize the potential for water hammer?

A Slowly open discharge valves of large
pumps.

B. Start centrifugal pumps with their dis-
charge vaives closed.

C. Maintain pump minimum flow protection.

D. Ensure systems are property filled and
vented following maintenance.

November 1943



HEAT EXCHANGERS AND CONDENSERS |

Questions

55. The discharge valve for a large operating
centrifugal pump shouid be positioned siowly
to minimize the

A change in available net positive suction

C. maximize the pressure drop across the
heat exchanger

D. maximize the heat transfer rate

head 59. The major effect of fouling on the main
condenser tubes would be
B. potential for causing water hammer
A. adecrease in plant efficiency
C  differential pressure stress exerted on 8. a decrease in condenser pressure
the valve disk and stem C. an increase in reactor pressure
D. anincrease in condensate subcooling
D mechanical wear on the valve seat and
stern packing. 60. Which of the following is nol true concerning

56. Tube fouling in a heat exchanger will cause
heat transfer to decrease because

A. fiuid velocity on the shell side of the ex-
changet increases

. mass flow through the tube side of the
exchanger increases

C. the total heat transfer coefficient is de-
creased

D. the total heat transter coefficient is in-
creased

57. Tube fouling inside a hea! exchanger causes

the hea! transfer rate to 61.

ncrease
decrease

vary erratically
remain the same

To®m»

58 Fouling of heat exchanger tubes in closed
cooling water systems shouid be minimized
to

A prevent excessive heat transfer rates
B. prevent the cocling water outiet

temperature from exceeding design
limits

BWR

heat exchanger performance?

A. Scale buildup on heat exchanger tube
surfaces decreases heat transfer.

8. Tube fouling in the heat exchanger tubes
reduces the total heat transfer coeffi-
cient.

C. Laminar flow is less effective than turbu-
lent flow for heat transfer in a heat ex-

changer.

D. Introduction of small amounts of air or
non-condensable gasses improves heat
exchanger performance.

Scale bulldup on heat exchanger tubes
causes the heat transfer rate to

Increase
decrease

vary erratically
remain the same

oCOow>»
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HEAT EXCHANGERS AND CONDENSERS
uestions

62. Tube scaiing in a parallel flow heat ex-
changer causes heat transfer to decrease
because the

A

flow through the heat exchanger in-
creases

surface area of the tubes decreases
heat transter coefficient decreases

inlet temperature of the cooling fluid in-
creases

63 The buildup of scale on heat-transfer
surfaces in the reactor vesse!

A

results in lower fuel temperature, which
increases the nuciear fuel cycle
efficiency

is controlled by complying with core
thermal limits

is controlled by utilizing reactor water
cleanup (RWCLU) system and
condensate system demineralizers

results in higher coolant temperature,
which increases overall plant efficiency

64 Referring to Figure 1 6-4, determine the ef-
fect on the system of a tube failure in the
heat exchanger.

A

B

BWR

Level in the tank decreases.

Fiow in the high-pressure system re-
verses.

Pressure in the low pressure system de-
creases

Leval in the tank increases.

Low Pressure Fiuid

‘65:'7
1200F - Q00F

High Pressure Fluid

FIGURE 1.6-4

Tank P~

Failed
Tube

O

Pump

Basic Fluid System

65. Refer to the drawing of an operating cooling
water system (Figure 1 6-4).

Which of the following effects would occur as

a result of a tube failure in the heat
exchanger?

A

B.

D.

High pressure fiuid flow rate decreases.

Flow in the low pressure system
reverses.

Temperature in the low pressure system
increases.

Level in the tank increases.

66. Which of the following is always a conse-
quence of a heat exchanger tube failure?

cow>»

1.6-10

sheill rupture
radicactive release
i mixi
increased vacuum
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68.

69.

70.

HEAT EXCHANGERS AND CONDENSERS
Questions

During normal steady-state plant operation
with a constant generator load, plugging of
one percent of the tubes in the main
condenser will cause absolute pressure in
the condenserto ____ _ and hotwell

temperature 1o

increase, increase

decrease. Increase
Increase; decrease
decrease, decrease

ooOom>»

The plant is operating normally at 50%
power. Which one of the following will result
from a cooling water tube failure in the main
condenser?

A increased condenser vacuum
B increased condensate conductivity

C  decreased condensate pump net
positive suction head (NPSH)

D. decreased condensate pump fiow rate

A crack in the shell of the main condenser
will cause cooling water outlet temperature
- and hotwell temperature to

increase, decrease
decrease, decrease
increase,; increase

decrease,; increase

com»

If air and non-condensables are not continu-
ously removed during normal operation, cor
denser absolute pressure wili

A Increase
B. decrease
C. remain constant
D fiuctuate

71.

72

73.

74.

1.6-11

BWR

it air and non-condensables are not continu-
ously removed dunng normal operation, the
condenser vacuum will

increase
decrease
remain constant
fluctuate

cowm>»

During power plant operation, stoppiiig sys-
tems that remove air and non-condensables
from the main condenser(s) will increase

A condenser vacuum

B. the power output of the turbine generator

C. reactor power
D. condenser absolute pressure

During power plant operation, stopping sys-
tems that remove air and non-condensables
from the main condenser(s) will not

A, decrease condenser vacuum

B. decrease cycle efficiency

C. increase the power output of the turbine
generator

D increase condenser backpressure

The admission of air into the main condenser
will reduce the plant's efficiency by

A. reducing steam fiow into the condenser

8 cooling down the steam that enters the
condenser

C. causing the steam to enter the con-
denser at a higher pressure

D. siowing down the speed of the steam
entering the condenser
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HEAT EXCHANGERS AND CONDENSERS
Questions

75. Proper venting of a shell-and-tube heat
exchanger is important because an air
bubble

A. reduces the heat transfer ability of the
heat exchanger

B causes pressure transients within the
tubes as heat load changes

C. causes thermal shock as it moves
through the heat exchanger

D. causes fiow restriction within the heat
exchanger

76. The rate of heat transter between two liquids
in @ heat exchanger will be decreased if the:
(Assume single-phase conditions and a
constant specific heat capacity.)

A temperature of both liquids is decreased
by 20°F

B temperature of both liquids is increased
by 20°F

C. flow rate of the coider liquid is decreased
by 10%

D. flow rate of the hotter liquid is increased
by 10%

77 A pressure gauge on a condenser reads
2 psiv. What is the absolute pressure
corresponding 1o this vacuum?

2 psia
13 psia
15 psia
17 psia

cowm>»

1.6-12
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HEAT EXCHANGERS AND CONDENSERS
Answers

In addition to the correct answer, a brief
explanation of the answer ( if needed for
clarity), is provided along with a reference
for each question/answer. Reference
numbers are keyed to the list of references in

the Appendix B.
1. D

Reference 49, chapter 7.

5 A

Reference 49, chapter 7

6. C

Reference 48, chapter 7

7. D

Reference 49, chapter 7

8 B

Reference 49, chapter 7

9 A

Reference 49, chapter 7

10. C

Throttling valve C in the shut direction will lower
the tube-side flow rate through the non-regener-
ative heat exchanger. This will cause the cooling
water 1o remove more heat, reducing tempera-
tut. s at points 7, 2, and 1

Reference 28, chapter 2, pages 337 through
350.

11.D

Opening valve D pro . s additional cooling
water flow to the non- - je ‘erative heat ex-
changer, reducing the .ampeiature at point 7.
Reference 28, chapter 2, pages 337 through
350

12.D

Opening valve D increases cooling water flow to
the non-regenerative heat exchanger, removing
more heat and reducing the temperature at point
7.

Reference 28, chapter 2, pages 337 through
350

13.D

Reference 30, chapter 11, pages 11 through 16,

14. D

Reference 28, chapter 2, pages 337 through
350

15. D

Reference 28, chapter 2, pages 337 through
350.

1.6-13
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HEAT EXCHANGERS AND CONDENSERS
Answers

16. A

Opening valve C will increase the flow rate
through the regenerative and non-regenerative
heat exchangers. The temperature at point 4 will
increase causing the temperature at point 6 and
7 1o increase. The increase in temperature at
point 7 will result In a temperatue increase at

point 3.

Reference 28, chapter 2, pages 337 through
350

17.8

If the bypass valve around the system's heat ex-
changer(s) is throttled open further, less of the
system's fluid will actually fiow through the heat
exchanger, and the temperature of the system's
fluid will subseguently begin to increase

Reference 57, chapter &.

18. C

Increased cooling water flow will result in greater
cooling and thus a lower temperature

Reference 57, chapter 8

19. A

If the bypass valve around the system's heat ex-
changer(s) is throttled open further, less of the
system’s fluid will actually flow through the heat
exchanger, and the temperature of the systems
fluid will subsequently increase 10 a new higher

value.

Reference 57, chapter 8.

20. A

21.C

Lube Oil Outlet - With cooling water flow re-
duced, less heat will be removed from the oil so
the outlet temperature will increase.

Lube Oil Inlet - Inttially lube oil will enter at the
same temperature, but as higher temperature oil
passes through the system, this temperature will
increase.

Cooling Water Outlet - Cooling water spends
more time in the heat exchanger, increasing the
outlet temperature

Reference 49, chapter 7, page 34.

22.B

As fluid temperature increases, fluid density de-
creases, causing mass flow rate 1o decrease.

Reference 57, chapter 5, pages 10 and 11.

23D

Reference 49 chapter 7, page 34,

24 A

Reference 49, chapter 7, page 34.

1.6-1a
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HEAT EXCHANGERS AND CONDENSERS

Answers
25.D 3 D
Q ol ™ Q o Reference 80, volume 1, page 5.

Qit = (Mg (CP,y) (AT )

= (1.8 x 10% bmyhr) (1.1 BTUDM °F)
(170°F - 120°F)

=99 105 BTU/Mr

Qwater = (M aier (CPuater 4T water

9.9x10° BTU/Mr = (1.65 x 10°Ibmvhr)
(1.0 BTU/bm'F) (AT)

AT water =60 "F

Reference 57, chapter 8, pages 8 through 62.

26. C
Q=m CpaT

- 1.00376 x 107
(1.0 (38)

5

m = 2.7882 x 10" bmvhour

Reference 57, chapter 8, pages 8 through 62

27. A

Thermal shock occurs when heat exchanger
components are exposed to temperature
changes that result in excessive stresses being
induced

28 B

Reference 69, pages 1,063 and 1,201

29. B

Reference 79, page 1

BWHR

31.B

Reference 79, page 1.

32 C

Reference 79, page 1.

33 C

Reference 48, chapter 7

34 A

Reference 49, chapter 7

35. B

Reference 49, chapter 7.

36 B

Reference 49, chapter 7.

37. A

Isolating circulating water from a condenser bay
will reduce the heat transfer from the condensate
to the circulating watar. Therefore, condensate
temperature will increase, and subcooling will
decrease.

38 B

The loss of condenser vacuum means
condenser pressure is increased. Therefore,
saturation temperature is simutaneously
increased, resulting in an increase in hotwell
temperature.

1.6-15

November 1983



HEAT EXCHANGERS AND CONDENSERS
Answers

39.B

Condenser backpressure is measured in inches
of mercury absolute, condenser vacuum is mea-
sured in inches of mercury vacuum. As cofn-
denser vacuum decreases, absolute condenser
pressure increases and condenser backpressure
increases

Perfect vacuum = 29 92 in Hg vac = 0 in Hg abs
= 0 in Hg backpressure

Atmospheric pressure = 0 in Hg vac = 29.92 in
Hg abs = 28 92 in Hg backpressure

Reference 57.

40. C

Condenser backpressure is measured in inches
of mercury absolute, condenser vacuum is mea-
sured in inches of mercury vacuum. As con-
denser vacuum decreases, absoiute condenser
pressure increases and condenser backpressure
Increases.

Perfect vacuum = 29 .92 in Hg vac = 0 in Hg abs
= 0 in Hg backpressure

Atmospheric pressure = 0 in Hg vac = 29 92 in
Hg abs = 20 92 in Hg backpressure

Heference 57

41 A

As condenser vacuum decreases, absolute con-
denser pressure increases and condenser back-
pressure increases.

Reference 57

42 D

Reference 57

16-16

BWR

43 C

Condenser backpressure is measured in inches
of mercury absolute, condenser vacuum is mea-
sured in inches of mercury vacuum. As con-
denser vacuum decreases, absolute condenser
pressure increases and condenser backpressure
increases.

Perfect vacuum = 29.82 in Hg vac = 0 in Hg abs
= 0 in Hg backpressure

Atmospheric pressure = 0 in Hg vac = 28.92 in
Hg abs = 29 .92 in Hg backpressure

Reference 57.

44 B

Reference 57.

45 C

Relerence 57.

46, A

Heference 10, page 9.

47.D

Reference 10, page 10.

48 C

Reterence 10, page 13.

43 C

Reference 10, page 13.

5 D

Reference 10, page 15. .
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Answers

51.C

Reference 57, chapter 7, page 66.

52. D

Reference 57, chapter 7, page 66.

53. B

Reference 57. chapter 7, page 66.

54 C

Reference 57, chapter 7, page 66

55. B

Reference 57, chapter 7, page 66.

56. C

Tube fouling causes partial blockage of heat ex-
changer tubes and reduces the flow of cooling
fiuid through the tubes. The heat transfer coeffi-
cient (U) is reduced; therefore, the heat transfer
rate is reduced.

Reference 78, chapter &, pages 18 and 19.

57.B

Tube fouling reduces the heat transfer rate in a
heat exchanger by reducing the effective heat
transfer surface area and disrupting flow through
the exchanger tubes.

Reference 78, chapter 9, pages 18 and 18

58. D

Elimination of fouling would improve the heat
transfer process by improving the heat transfer
coefficient and removing flow disturbances.

Reference 78, page 9-19.

59 A

Condenser fouling degrades the heat transfer
process in the condenser. As a result,
condenser temperature and pressure increase,
reducing the work done by the turbine and
therefore reducing plant efficiency.

Reference 78, page 7-68.

60. D

Air and non-condensable gasses reduce the total
heat transfer rate inside of a heat exchanger

Reference 78, chapter 9, pages 24 and 25.

61. B

Scale buildup creates an insulating layer on the
heat exchanger tubes. The heat transfer rale
decreases as the scale layer increases in thick-
ness

Referance 78, chapter 9, pages 18 and 19.

62. C

Tube scaling causes the effective heat transfer
coefficient 1o decrease.

Reference 78, chapter 9, pages 18 and 19.

63. C

Reference 78, chapter 9, pages 18 and 19.

1.6-17
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HEAT EXCHANGERS AND CONDENSERS
Answers

64 A
Fluid will flow from the high pressure (tube-side)
system to the low pressure (shell-side) system

This loss of fluid from the high pressure system
causes tank level to fall.

65. C

66. C

in specific circumstances, tube failure could re-
sult in shell rupture, radicactive release, or in-
creased vacuum, However, in all cases, fluid

mixing between the shell and tube sides will
occur

67. A

68. B

69. C

70. A

(Gas blanketing of condenser tubes creates a
layer of thermal insulation to the tube surface

Reference 55, chapter 5, pages 3 and 4.

1. B

(3as blanketing of condenser tubes creates a
layer of thermal insulation to the tube surface.

Reference 55, chapter 5, pages 3 and 4

72.D

Gas blanketing of condenser tubes creates a
layer of thermal insulation 1o the tube surface

Reference 57

73. C

Gas blanketing of condenser tubes creates a
layer of thermal insulation to the tube surface

Reference 57.

74. C

Less cooling of exhaust steam means higher ex-

haust steam pressure. Higher exhaust steam

pressure means higher exhaust steam enthaipy.

Higher exhaust steam enthalpy means less tur-
bine work (W' =m (hm-ho ut))’

L turbine power
Plant efficiency = reactor power
Therefore, plant efficiency decreases.

Reference 55, chapter 5, pages 3 and 4.

75. A

Reference 57.
76. C

77.8B

16-18
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HEAT EXCHANGERS AND CONDENSERS
Learning Objectives

Each learning objective listed below is
preceded by the associated question
number(s) and by the number of its related
knowledge statement.

K101 Questions 1,2, 3
Describe startup of a heat exchanger.

identify the consequences of improper filling and
venting of shell and tube heat exchangers.

K1.02 Question 7

Explain the proper filling of a shell and tube heat
exchanger.

Apply the principles of fluid flow and heat trans-

fer 1o heat exchanger operation.

K1.07 Question 13
identify the principles of heat transfer.

K107 Questions 17-20

Apply the principles of fluid flow and heat trans-
fer to heat exchanger lemperature control.

K1.08 Question 21
Given initial conditions in a heat exchanger, de-

termine the changes in temperature and/or flow
that resuft from a change in conditions.

K1.08 Question 22-24

identify the relationship between mass flow rate
and temperature of a flowing fluid.

K1.08 Questions 25, 26
Given a list of equations that includes the squa-
tion, Q = m Cp AT, and all but one of the vari-

ables, determine the value of the remaining vari-
able.

K1.09 Question 27

identity the definition of “thermal shock” as it ap-
plies to heat exchangers

K1.09 Questions 28-32

Identify the definition of "thermal shock."

K1.10 Questions 33-35
Identity the principles of operation of con-
densers.

K1.10 Question 36
identity the function of condensers.

K1.10 Questions 37, 38

identify the effect of operating changes on the
condenser.

K1.11 Questions 39-45, 77

Identify the reiationship between condenser vac-
uum and condanser absolute pressure.

K1.12 No questions
Natural circulation is addressed in the Thermal
Hydraulics section.

1.6-19
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HEAT EXCHANGERS AND CONDENSERS

Learning Objectives
Given steam tables, determine saturation pres- State the reasons for air and non-condensable
sure for a given temperature. gas removal in a condenser.

K1.13 Questions 48, 49

Given steam tables, determine saturation tem-
perature for a given pressure.

113 C on &
Given steam tables and a value of coolant iem-
perature and pressure, determine whether water

exists as a subcooled liquid, a mixture of satu-
rated liquid and vapor, or a superheated vapor.

K1.14 Question 51

Identify the definition of "fluid hammer/water
hammer *

K1.14 Questions 52-55
identify the precautions/actions which can be

taken to prevent the occurrence of a fluid ham-
mer/water hammer in a piping system.

K1.15 Questions 56-60

Identify the effects of tube fouling on heat ex-
changer operation.

K1.16 Questions 61, 62, €3

Explain the effects of tube scaling on heat ex-
changet operation.

K117 Questions 64-69

Describe the consequences of a heat exchanger
tube failure

1.6-20
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DEMINERALIZERS AND ION EXCHANGERS
Questions

NOTE: Many of the following questions deal
with mixed bed ion exchangers that use
resin beads and can be regenerated. Plants
that do not use such ion exchangers should
selectively delete or modify questions that
do not apply.

1. Operation of a demineralizer with excessive
differential pressure could result in all of the

following, except

channeling

resin breakdown
higher flow rates

high outlet conductivity

oOm>»

2. A demineralizer that exhibits a sudden in-
crease in outlet conductivity may have been
operated with

A low inlet conductivity

B low inlet temperature

C. high effluent pressure

D. high differential pressure

w

High differential pressure in a demineralizer
couid be caused by all of the following

except

resin exhaustion
resin coagulation
crud buildup
high flow rates

oow»

4 Operation of a demineralizer with high differ-

erhal pressure could result in

low outlet conductivity
high outlet conductivity
low outlet temperature
high outlet temperature

cCow>»

BWR

5.

1.741

All of the following are causes of high dem:-
ineralizer differential pressure gxcept

A.  high fluid flow rates

B. oil in the fluid flowstream

C. ionic impurities in the fluid flowstream
D. suspended solids in the fiuid flowstream

Channeling in a demineralizer is defined as

A. layering of weakly acidic cation resin
above strongly acidic resin

B. uneven movement of water through
beds along pockets of least resistance

C. the property of some resins to selectively
remove certain ions from the flowstream

D. mechanical degradation of the resin and
subsequent release of “fines” into the
flowstream

Which of these operational conditions will not
lead to channeling in a demineralizer?

A. suspended solids and colloids forming a
mat on the bed's surface

B. accumulation of gas bubbles (002‘ 02.

elc.) about the resin beads

C. exhaustion of the bed due to high iniet
conductivity

D. operation of the bed at higher than de-
sign flow rates
An effect of channeling in a demineralizer s

increased outiet conductivity

flow osciliations or “chugging”

greatly reduced demineralizer flow rates
formation of gas bubbles

ocOom>»
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DEMINERALIZERS AND ION EXCHANGERS
Questions

9 Channeling in a demineralizer is undesirable
because

A

resin beads will slump to the bottom of
the demineralizer causing a flow
blockage

the resulting high velocity fiuid flow can
cause rnechanical damage to system

piping and components

the resulting high velocity fiuid flow
causes erosion of the resin beads and
the release of ions

portions of the resin bed will be com-

pletely bypassed causing outlet conduc-
tivity to increase

10. In a demineralizer, what adverse effect
occurs due to channeling?

A

resin dryout and cracking because the
resin is essentially bypassed

reduction in demineralization efficiency
because the resin is essentially
bypassed

loss of resin due to agitation as a result
of increased velocity through the
demineralizer

resin damage due 1o the increased
velocity of fluid through the demineralizer

11. The condition in which large portions of 2
demineralizer bed are bypassed, alioving
waterborme impurities o reach the outlet, is
calied

A
B
c
D

BWR

. channeling

leakage
mineralization

12. The purpose of a demineralizer is 10

A

B.

maintain a basic pH at its outiet

replace cations and anions with
hydrogen ions and hydroxide ions

fiter out suspended solids and colloids

coagulate and precipitate water
impurities

13. When water is purified such that cations are
exchanged for hydrogen ions, and anions
are exchanged for hydroxide ions, the pro-
cess is calied

A
B.
C
D

softening
coagulation
demineralization
sedimentation

14. Unwanted iong in water systems are re-

placed with hydrogen and hydroxide ions in a

A
B.
C.
D.

clarifier
charcoal fitter
recombiner
demineralizer

15 Which of the following s not & function per-
formed by a demineralizer?

A
B.

C

D.

remove oxygen from fiuid systems

filter corrosion products

replace positive ions with hydrogen ions
produce high purity water

16. Which of the following would not be treated
using a demineralizer?

cow>»

1.7-2

condensate
oily water
reactor water
makeup water
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DEMINERALIZERS AND ION EXCHANGERS
Questions

Which of the following most accurately
describes the purpose of a demineralizer?

A. o increase number of ions in water

B. to reduce the conductivity of water while
maintaining nearly neutral pH

C. toincrease the pH of water by reducing
~the number of positively charged ions in
it

D. to remove particles and suspended
solids from water

The purpose of a demineralizer is to

A, raise the conductivity of water without
affecting pH

B reduce the conductivity of water without
affecting pH

C. increase the pH of water by reducing the
number of positively charged ions in it

0. decrease the pH of water by increasing
the number of negatively charged ions in
"

Which of the following purposes is not a

design feature of a mixed-bed

demineralirer?

A. 1o reduce the conductivity of the water
without affecting pH

B. to remove suspended part.cles from the
water

C. 1o remove positive ions from the water

D. to remove negative ions from the water

20.

21

22.

23

1.7-3

BWR

What is a purpose of a mixed-bed
demineralizer?

A. to remove both posttively and negatively
charged ions

B. to reduce the resistivity without affecting
the pH of water

C. toincrease pH by reducing the number
of positively charged ions in the water

D. toincrease the conductivity of the water
to greater than 1.0 micromhos

The demineralization factor (DF) can be ex-
pressed as

A. (inlet Conductivity)-(Outiet Conductivity)
B. (1)-(Outlet Conductivity)

C. (Inlet Conductivity)/(Outlet Conductivity)
D. (100) x (Outlet Conductivity)

The degree of exhaustion of a demineralizer
resin bed can be determined from the

A. length of time in service and outlet total
dissolved solids ( TDS)

B. demineralizer flow rate and total volume
treated

C. demineralizer flow rate and outlet TDS

D. inlet conductivity and total volume
treated

The inlet and outlet conductivity of a dem-
ineralizer are measured to determine the
demineralizer's

flow rate

breakpoint
effectiveness
specific conductance

com>»
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24 To determine the demineralization factor for

25,

26

DEMINERALIZERS AND ION EXCHANGERS
Questions

a demineralizer, the two parameters that
must be monitored are inlet and outlet

A temperature
B. conductivity

C. pressure
D. flow rate

The efficiency of a condensate deminera-
lizer can be determined by

A performing a chemical analysis on the
outlet of the demineralizer to detect
silicate

B. sampling the inlet and outlet of the

27. The ion exchange efficiency of a condensate
demineralizer can be determined by

demineralizer to determine the change in

conductivity

C  sampling the inlet and outlet of the
demineralizer to detect a difference in
radioactivity

D. monitoring the change in differential
pressure across the demineralizer

Which one of the following statements
describes the mathod used to determine
demineralizer efficiency?

A. Outlet only is sampled.

B. Inlet and outiet are sampled and the
results are compared

C. inlet is samnpled and each sample is
compared to the previous sample

D. Inlet only is sampled.

BWR

28,

1.7-4

A

sampling the inlet and outlet of the
demineralizer to determine the change in
conductivity

performing a calculation based on the
ratio between the inlet pH divided by the
outlet pH

sampling the inlet and outlet of the
demineralizer to determine the difference
in activity

performing a calculation based on the
change in differential pressure across
the demineralizer

The temperature of the water passing
through a demineralizer must be controlled
because excessively hot water will

A

increase the ion exchange rate for
hydronium ions, thereby changing
effluert pH

degrade the corrosion inhibitor applied to
the inner wall of the demineralizer

result in excessive demineralizer
retention element thermal expansion,
thereby releasing resin

reduce the affinity of the demineralizer
resin for ion exchange

- There exists an upper limit on the tempera-

ture of water passing through a demineral-
izer because hot water

A

gives up its ions faster

is less dense, allowing less water 1o flow
through the bed

will not contain as many ions

may damage demineralizer resin
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30 There is a temperature limit on the water en-

31

32.

tering a demineralizer because hot water
A increases the potential for channeling

B, will dislodge and wash the resin fines off
the filter element

C. will decompose the resin beads

D causes the filter element to swell and
release the resin

Water shouid have a temperature no greater
than 140 "F before entering a demineralizer
because

A ions release from cooler water more
quickly

B. this ensures the temperature is below
that at which resin decomposes

C. water will boil at this temperature in the
demineralizers

D. the resin will begin o sink in 140 "F den-
sity water

There are flow limits on demineralizers be-
cause 100 much flow could cause each of
the problems iisted below except

decomposition of the resin
carry-through of fines
reduced ion exchange rate
channeiing in the bed

oow»

- Resin fines carried through into the reactor

vassel can be prevented by

A. keeping flow rates through the deminer-
alizers at design values

B. keeping resin bead or particle size very
small

C. keeping makeup water pure

D. regenerating the resin bed before it
becomes exhausted

34. Demineralizers work on the principle of

35. The anion resin in a mixed-bed demineralizer

37.

175

BWR

A reverse osmosis
B. ion exchange
C. precipitation

D. fitration

releases _ lons into solution while
removing charged ions from
solution.

A hydroxide; negatively
B. hydroxide; positively
C. hydrogen; negatively
D. hydrogen; positively

. The cation resin in a mixed-bed
demineralizer releases ______ jons into
solution while removing charged
ions from solution.

A. hydroxide, negatively
B. hydroxide; posttively
C. hydrogen. negatively
D hydrogen; positvely

If a solution of sodium chloride in water is
passed through an ideal mixed-bed
demineralizer, the effluent stream would
consist of

A. a sodium hydroxide solution
B. a hydrogen chionde solution
C. a sodium hypochiorite solution
L. pure water

. A large pressure drop across a demineralizer

indicates that the bed

has channeling

is depleted

is clogged

has been regenerated

cowm»
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DEMINERALIZERS AND ION EXCHANGERS
Questions

An indication that a demineralizer bed is

clogged is

A. a large pressure drop across the bed

B. a high flow through the bed

C. atemperature rise in the effluent

D. a large conductivity drop across the bed

A lower than expected differential pressure
across a mixed bed demineralizer is one in-
dication of

A
B
C.
D

dapletion of the cation resin
channeling through the bed

improper resin regeneration
a decrease in inlet conductivity

Which of the following wouid be indicated by

a large pressure drop across a demineral-

izer?

A The bed has developed channeing
through it

B. The resin in the bed is depleted

C. The resin bed is clogged

D. The bed was recently regenerated.

As the operating time of a demineralizer

increases, the differential pressure across

the demineralizer

A.  decrease due o resin bead surface

erosion

increases due 1o depletion of ion
exchange sites

decrease due 10 resin breakdown

increases due 10 trapping of suspended
solids

BWR

43.

45,

46

1.7-6

A demineralizer that is continuously exposed
to flowing water with high concentrations of
suspended solids will first develop an
increase in

A. conductivity at the demineralizer outlet

B. deconiamination factor across the

demineralizer

differential pressure across the
demineralizer

D. pH at the demineralizer outlet

. A demineralizer is being used in a water

purification system. How will accumulation
of suspended solids in the demineralizer
affect performance of the demneralizer?

A The rate of resin depietion will increase.

B. The number of ion exchange sites ‘will
decrease.

The flow rate of water through the
demineralizer will increase

The rate of unwanted ion removal from
the system will decrease.

A result of proper demineralizer operation on
water with impurities is that the exiting water
will always have

A
B.
C.
D.

lower conductivity

higher conductivity

lower pH

higher pH

Feedwater with low conductivity is indicative

acidic water

proper demineralizer operation
demineralizer bed degeneration
suspended impurities in the water

com>» Q
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48
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DEMINERALIZERS AND ION EXCHANGERS
Questions

Water, with positive and negative impurity
ions, is sent through a properly operating
demineralizer, resulting in

no change in conductivity
lower conductivity
increased conductivity
zero conductivity

oo®m>

The conductivity of water exiting a
demineralizer is affected by several factors
Which of the following statemenis
conceming effluent conductivity is correct?

A. The first indication of resin depletion is a
decrease in the effluent conductivty.

B. The conductivity of the effluent increases
as the ionic concentration increases

C. A decrease in the pH of the effluent will
not affect its conductivity.

D. As the effluent conductivity increases,
the water contains a lower ionic content

Which one of the following is the first
indication of resin depletion in a
demineraiizer

A An increase in suspended solids of the
effiuent

B A decrease in the flow rate through the
demineralizer.

C. Anincrease in the conductivity of the
effluent.

D. Anincrease in the differential pressure
across the demineralizer

17-7

BWR

50. A condensate demineralizer differential

pressure (D/P) gauge indicates 4.0 psid at
50% flow. Over the next two days plant
power changes have caused condensate
flow to vary between 25% and 100%.

Which one of the foliowing combinations of
condensate flow and demineralizer D/P
observed during the power changes indicate
an increase in the accumulation of corrosion
products in the demineralizer?

CONDENSATE DEMINERALIZER
FLOW D/P (PSID)
A 25% 20
B. 60% 50
C 75% 80
D. 100% 15.0
November 1993



DEMINERALIZERS AND ION EXCHANGERS
Answers

In addition to the correct answer, a brief ex- 10. B

planation of the answer (if needed for ciar-

ity), is provided along with a reference for Reterence 63, page 5-4
each question/answer. Reference numbers

are keyed to the list of references in Ap-

pendix B, 11. A
[ Reference 63, page 5-4.
Refarence 63, page 5-3

12.B
2 D Reference 63, page 5-2.
Reference 63, page 53

13.C
3 A Reference 63, page 5-2.
Aeference 63, page 5-3

14.D
4 B Reference 63, page 5-2
Reference 63, page 5-3

16 A
5 C Refarence 63, page 5-2
Reference 63, page 5-3.

16. B
6. B Reference 63, page 5-2.
Reference 63, page 54

17.B
7. C Reference 63, page 5-2.
Reference 63, page 54

18. B
B A Reference 63, page 5-2.
Reference 63, page 54

1. B
9 D Reference 63, page 5-2
Reference 63, page 5-4

1.7-8

BWR
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DEMINERALIZERS AND ION EXCHANGERS

20 A

Reference 63, page 5-2.

21. C

INLET Conductivity
OUTLET Conductivity

DF =

Reference 27, chapter 1C, page 62.

22. D

Reference 27, chapter 1C, page 62.

23. C

Ratio of INLET to OUTLET conductivity is a
measure of a demineralizer's effectiveness.

Reference 27, chapter 1C, page 62

24 B

INLET Conductivity
OQUTLET Conductivity

DF =

Reference 27, chapter 1C, page 62

25. B

Reference 27, chapter 1C, page 62

26 B

Raference 27, chapter 1C, page 62

27. A

Reference 27, chapter 1C, page 62.

BWR

Answers

28.D

Reference 27, chapter 1C, page 62.

20.D

The effect of high temperature on resin beads or
powders is to meft them, changing the porous,
high-surface-area particles to smooth, Lxw-sur-
face-area particles.

Reference 27, chapter 1C, page 62

30.C

The effect of high temperature on resin beads is
to meflt them, changing the porous, high-sur-
face-area bead to a smooth, low-surface-area
bead.

Reference 27, chapter 1C, page 62.

31.B

The effect of high temperature on resin beads or
powders is to melt them, changing the porous,
high-surface-area particies to smooth, low-sur-
face-area particies.

Reference 27, chapter 1C, page 62.

32 A

Resin may decompose due 1o excessive temper-
ature, not excessive flow rates.

Reference 27, chapter 1C, page 62.

1.7-9
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DEMINERALIZERS AND ION EXCHANGERS
Answers

33 A

Keeping fiow rates within limits minimizes the

D/P that would force beads through elements,

senta or joints between elements,

Smalier resin beads increase the likelihood of
resin fine breakthrough.

Feedwater purity has nothing to do with resin
fine breakthrough.

Regenerating the resin bed frequently only in-
creases the risk of unseating an element and

thus increasing the chance of resin fine break-

through.

Reference 27, chapter 1C, page 62.

34 B

Reference 27, Volume IV, page 1-60.

35 A

Reference 27, Volume IV, page 1-60.

36. D

Reference 27. Volume IV, page 1-60

37.0

Reference 27, Volume IV, page 1-60.

BWR

38 C

Channeling decreases the pressure drop across
a dernineralizer. Depletion refers to exhaustion
of ion exchange sites. Regeneration, if done
successfully, causes a low differential pressure
across a demineralizer. Fouling is the adher-
ence of solid material, usually corrosion prod-
ucts, 1o the outer layer of resin, causing a higher
differential pressure across a demineralizer.

Reference 63, page 5-4.

39 A

Fouling causes low flow through a bed. Fouling
has no effect on temperature. Fouling can only
decrease the conductivity drop across a bed.

Fouling does add fo the material thickness water
must pass through; therefore "A" is the answer,

Reteience 63, page 5-4.

40 B

Channels created in the resin bed provide low re-
sistance flow paths in parallel with the normal
flow path, resulting in an overall lower differential
pressure across the demineralizer.

Reference 63, page 5-4

41. C

Fouling of a resin bed adds to the material that
the water must pass through, increasing the dif-
ferential pressure across the bed.

Reference 63, page 5-4.

1.7-10
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Answers

42.D

Corrosion products and other suspended solids
will eventually build up in the resin bed, increas-
ing the amount of material the water must pass
through, and thus increasing differential pressure
across the demineralizer

Reference 63, page 54

43. C

Reference 63, page 5-4.

44 D

Reference 63, page 54

45 A

46. B

47 B

48 B

48 C

50. A
Given that flow is proportional to the square root
of the differential pressure (d/p), the following
relationship is established:

Flow = k x (d/p)1/2

Solving for k in the stated condition of 50% flow
at a d/p of 4 psid yeilds:

50% = k x (4)172
k =50%/2 = 25%

For the condition of 2 psid stated in answer A,
the expected flow rate would be:

Flow = k x (2)1/2 = 35%
A flow rate of only 25% is an indication of an

accumuiation of corrosion products in the
demineralizer.

1.7-11

BWR
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BREAKERS, RELAYS, AND DISCONNECTS
Questions

During maintenance activities, breakers in
the open position are tagged and racked out
o

A. deenergize components and associated
control and indication circuits

B provide administrative control where
safety is not of prime importance

C. maintain remote indication of breaker
position (where availabie) to ensure
personnel safety

D permit immediate availability of the
wreaker if required for emergency use

To deenergize a component for mainte-
nance, the component circull breaker should
be

A. racked in and tagged in open position

B racked in and tagged in closed position

C. racked out and tagged in racked-ou
position

D. in test position and tagged in test

Which of the following describes the most

common method for deenergizing a breaker

control circuit?

A. placing the breaker control switch in
puli-to-lock

B. fully racking out the breaker
C. placing the breaker in test position

D. removing the control power fuses

1.81
BWR

4. Which one of the following describes the

safest method for deenergizing a breaker
control circuit?

A. breaker in test position

B breaker fully racked out

C. control power fuses removed
D. control switch in puli-to-lock

The reason for racking out circuit breakers
and pulling their control power fuses, as op-
posed 1o tagging a control switch, is

A. to ensure that indication of circuits re-
main energized for breaker position veri-
fication

B. 1o maintain availability of the control
switch and control power for testing

C. that tagging a control switch would ren-
der the equipment inop~ravle and out of
service

D. that the equipment and its control and in-
dication circuiis would be deenergized

What is normally done to completely electri-

cally deenergize a component, including its
cotdrol and indication power?

A. Rack out the component's circuit
breaker, remove its control power fuses,
and tag the breaker control switch open
and fuses pulled.

B. Open the component's circult breaker
and tag it out.

C. Lift the leads to the component at its
supply breaker to ensure compleie
deenergization,

D. Tag the control switch open and post a
watch.
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BREAKERS, RELAYS, AND DISCONNECTS
Questions

7. While locally investigating the condition of a

large circunt breaker, the operator cbserves
the foliowing indications

« OPEN/CLOSED mechanical flag indi-
cation indicates open.

OPEN/CLOSED indicating lights indi-

cate open

e Overcurrent trip flags are actuated on
all phases.

» Load-si’ ‘er indicates zero
veits.

« Load-side ammeter indicales zero
amperes

Basad on this indication, the operator should
report that the circuit breaker is

A. open rac =, and overicad condition

indicated

B. open, racked in, and no overload
condition indicated

C open, racked out, and overioad condition
indicated

D. open, racked out, and no overioad
condition indicated

Which of the following available local circuit

breaker indications would be a positive

methoa of identifying a circuit breaker's
actual condiion (closed, open)?

A. overcurrent trip flags and load-side am-
meter

B OPEN/CLOSED mechanical flag indica-
tion and load-side voltmeter

C. OPEN/CLOSED indicating lights and
overcurrent trip flags

D. oad-side ammeter and OPEN/CLOSED
indicating lights

9

10

182

BWR

Which of the following local circuit breaker
indications must be reset after operation 10
ensure reliable indication is being provided?

A OPEN/CLOSED mechanical flag
B OPEN/CLOSED indicating lights

C  overcurrent trip flags
0 spring CHARGE/DISCHARGE flag

While locally investigating the condition of a
large circuit breaker, the operator observes
the following indications:

+ OPEN/CLOSED mechanical flag indi-
cation shows closed.

« OPEN/CLOSED indicating lights do
not indicate open or closed.

« Load-side voitmeter indicates normal
voltage

+ Load-side ammeter indicates zero
amps.

Based on this indication, the operator should
report that the circuit breaker is

A. open, and report problems

B. closed, and report problems

C. tripped open due 1o overcurrent condi-
tions

D (insufficient information 1o determine the
breaker conditions)

November 1993
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12

13.

BREAKERS, RELAYS, AND DISCONNECTS
Questions

Which one of the following describes circuit
breaker local overcurrent trip flag indicators?

A When actuated, they indicate that the
breaker overcurrent tnip relay has been
reset

B. When actuated, they indicate that the
associated circutt breaker has failed to

trip open.

O

They actuate prior to breaker tripping to
wamn of imminent protective action.

D. They indicate breaker overcurrent trip
actuation during and after breaker trip
actuation.

Which one of the following local breaker
indications will provide the most reliable
information for determining the posttion of a
4160 volt bus feeder breaker?

A. oper/closed indicating lights and load-
side volage

B open/ciosed mechanical flag indication
and load-side voltage

C. opervclosed indicating lights and load-
side current

D. opervclosed mechanical flag and load-
side current

Which one of the following will cause a loss
of indication from the local breaker position
indicating lights associated with a typical
4160 VAC load supply breaker?

A. loss of breaker line voltage

B. locally opening the breaker

C. racking the breaker to the “test” position
D. loss of breaker control power

14

15.

16.

183

BWR

Which of the following is not an indication of
a loss of circuit breaker control power?

A. loss of remote red/green indicating lights

B. failure of charging springs to charge fol-
lowing local operation

C. inability to remotely trip a circuit breaker
D. actuation of protective device trip
Which of the following conditions would re-
sult in an inability to remotely trip a circutt
breaker concurrent with loss of position indi-
cating (red/green) lights?

A. loss of breaker control power

B. failure of breaker closing coil

C. mechanical binding of breaker

D. breaker in “test" position

If breaker control power is lost to a supply

breaker for an operating pump motor, the
breaker will

A. trip on undervoltage

B. remain closed until tripped locally by an
operator

C. remain closed unless a fault trip occurs

D. remain closed until tripped remotely by
an operator
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19.

BREAKERS, RELAYS, AND DISCONNECTS
Questions

Which of the following would be a
consequence of a loss of breaker control
power?

A Motor ammeter indication would be zero
regardiess of actual breaker status

B Breaker position would remotely indicate
closed regardless of actual breaker
status

C. Breaker would trip due to actuation of
protective device trip

D. Closing charging springs would not

charge following local operation of
breaker

Which of the following wouid not be a conse-
quence of a loss of breaker control power?

A loss of all remote breaker controls

8. loss of all breaker protective trips

C. inability to manually close breaker locally
D

. loss of local and remnote breaker status
lights

Which one of the following will cause a loss
of indication from the remote breaker
position indicating lights associated with a
typical 480 VAC load supply breaker?

A loss of breaker line voltage

B. locally opening the breaker

C. bumout of the local breaker position
indicating iights

D. removing the breaker control power
fuses

20

21

22.

23

24

184

BWR

Loss of breaker control power will

A remove all local indication of breaker
position

B prevent local tripping of the breaker

C  remove the remote hreaker tripping
capability

D. prevent the breaker from tripping on
overcurrent

For a motor, which conditions would not
require a thermal protection device to
function?

A. Running speed is too low.

B. Starting current is too high.

C. Ambient temparature is 100 high.

D. Motor winding temperature is too low.

in motors, thermal cutout/overioad devices
protect against the degrading effects of

A. reduced starting lorque
B. low winding temperatures
C. high winding temperatures
D. inductive current

Which of the following is not a purpose of a
thermal overioad protective device on a
motor?

protecting motor windings from becom-
ing excessively hot

stopping the motor

protecting against an overcurrent condi-
tion

protecting against an overvoltage condi-
tion

o om »

What is the definition of a thermal overioad
device?

A abalanced circult thal compares actual
current to a fixed over-current signal
which, when exceeded, actuates a

tripping relay
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BREAKERS, RELAYS, AND DISCONNECTS
Questions

an in-line coil that, when subjected to a
high current, overheats and actuates a
circuit-interrupting device

a temperature monitor that senses the
temperature of the operating equipment
and trips the circuit breaker if the
temperature exceeds preset limits

an in-line induction coil that generates a
secondary current proportional to the
primary current, closing the trip circuit
contacts for an overcurrent condition

25 Which of the following is not a purpose of a
thermal overload protective device on a

27. Refer to Figure 1/8-1

Assume the K-3 relay

will send an "OPEN" signal to a valve with
contacts 1 and 2 closed. The K-3 relay will

A

hold the valve open even if the reset
pushbutton is pressed

hold the valve open even if the initiating
condition is clear

close the valve as soon as either
initiating condition clears

close the valve only when both initiating
conditions are clear

motor? 28. Which statement best describes the function
of the #3 contact in Figure 1.8-17
A. deenergize the motor until reset locally
A. 1o keep the relay energized
B. stopping an excessively high current
condition B. to initially energize the relay
. protecting motor windings from getting C. totest the operation of the K3 relay
too hot
D te momentarily energize then deenergize
D reducing starting torque the relay
26. A thermal overload device for a large motor ™ )
protects the motor from FIGURE 1.8-1
125 vDC+
A. sustained overcurrent by magnetically i
opening motor line contacts at the motor Zr #1 Cantact
(3]
B instantaneous overcurrent by T .
magnetically opening motor line contacts
at the motor
[ =~ e #3 Contact
C. sustained overcurrent by opening the i
motor breaker :
! :
D. instanta yeous overcurrent by opening i
the moto.: breaker :
RS . K3 Relay
W E 4
Typical Valve Control Circuit
1.8-5
BWR November 1983
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BREAKERS, RELAYS, AND DISCONNECTS
Questions

Refer to Figure 1. 8-1. With the K-3 relay
energized, pushing the S-1 pushbutton

the K-3 relay when contacts #1
and #2 are

A. tesls, closed

B. deenergizes, cpen
C. defeats, closed

D. has no effect on, open

Referring to the circuit diagram shown in
Figure 1.8-1, select the correct statement
regarding the operation of relay K3.

A energized when the #1 o #2 contacts
close

B. energized when the #1 and #2 contacts
close

C. deenergized when the #1 and #2
contacts close

D. energized when pushbutton 31 is
depressed

. What best describes the arrangement of

contacts in Figure 1.8-17

1 and 2 in series and in paraliel with 3
1 and 3 in senes and in paraliel with 2
1 and 2 in parallel and in series with 3
1 and 3 in parallel and in series with 2

cow>»

Refer to the drawing of a typical vaive
control circult (Figure 1.8-1).

What is the purpose of depressing the S1
pushbutton?

A. to reset the K3 relay after the inftiating
condition has cleared

B. to prevent pickup of the K3 relay when
the initiating condition occurs

C. to manually energize the K3 relay in the
absence of the inftiating condition

D to maintain the K3 relay energized after
the initiating condition has cieared

BWR

33

35.

186

Refer to the drawing of a typical vaive
control circuit for a 480 VAC motor-operated
valve with K3 relay energized, #3 contact
closed, and contacts #1 and #2 are open.
(Figure 1.8-1).

The valve is currently open with the contact
configuration as described. If the S1
pushbution is depressed, the valve will
o and when the S1 pushbutton is
subsequently released, the valve will

remain open; remain open
ciose; remain closed
remain open, close

ciose, open

Which of the following describes the proper
breaker status for a 480 VAC breaker that is
to be racked out of a motor control
center/load center?

oom>

A. open
8. closed
C. trip free
D

closed until the disconnect position is
reached and then trip free or open

Never open or close a high voltage (greater
than 750 volts) disconnect uniess

A. the current tiowing through it is approxi-
mately zero

B. the current flowing through it is less than
its design current carrying capability

C. the load it supplies is already open
D. a parallel path exists for current flow

November 1993




BREAKERS, RELAYS, AND DISCONNECTS
Questions

36. Which of the following statements best de-

37

scribes the reason for not opening a high
voltage (greater than 750 volts) disconnect
under load?

A High voltage disconnects usually have a
lower current carrying capability than a
circuit breaker, therefore, the circuit
breaker is always used to break the
circuit.

B High voltage disconnects are typically
opened one phase at a time, which couid
cause loads to “single phase", therefore,
the circurt breaker is aiways used to
break the circuit.

C. Disconnect operation cannot be super-
vised from the control room; therefore,
the circult breaker is mandated to ensure

proper switching.

D. The current-carrying contac.. of a dis-
connect open slowly as cor ‘wared to a
circuit breaker, which opens quickly.

In a situation where a low voltage (less than
750 volts) disconnect is in series with a cir-
cult breaker, which statement is correct re-
garding the proper sequence to isolate

power to the load?
A. Open disconnect first, then breaker.
B. Open breaker first, then disconnect.

C. Sequence is not important provided the
load is off.

D, Either is opened alone to provide
isolation.

38

38.

40

1.8-7

BWR

Which of the following is not a recommended
safety precaution associated with racking out
a 480 volt or greater circuit breaker?

A. Circut breaker must be open.

B. Control power should be disconnected.

C. Depress local breaker trip button to en-
sure breaker is tripped.

D. Attempt to close the breaker after it is
racked out.

Which of the following describes the proper
breaker status for a 480 VAC breaker that is
to be racked out of a motor controi
center/load center?

A open

B. closed until the test position is reached
and then open

C. trip-free

D. closed until the discount position is
reached and then trip-free

While paralleling a three-phase generator to
the grid, closing the generator output breaker
with the generator and load currents out of
phase will resuft in

A. higher than normal current flow through
the output breaker during closing

B. improved circuit breaker life expectancy

C. lower than normal current flow through
the generator windings during closing

D. ro effect since no generator output
breaker will close when currents are out

of phase

November 1993
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BREAKERS, RELAYS, AND DISCONNECTS
Questions

While paralleling a three-phase AC generator
to the grid, closing the generator output
breaker with the trequency of the generator
higher than grid frequency will result in gen-
erator load

A. decreasing
B. increasing
C. remaining constant
D. fluctuating

Which of the following generator conditions
is most likely to cause generator damage
because of high current?

A tripping the output breaker under full-
load conditions

B iripping the generator prime mover under
full-load condftions

C. closing the output breaker on a bus that
has an open-circuit fault

D. closing the output breaker on a bus that
has a short-circuit fault

If a generator output breaker is closed with

generator frequency lower than gnd
frequency, what will result? (Assume that no

generator relay protection is actuated.)
A the generator will motorize

B. the voltage of the generator will
decrease to compensate for the lower

frequency
C. the generator will accept too much load

D the entire connected system will operate
at the frequency of the lowest frequency
{the oncoming) generator

44

45,

1.8-8

BWR

Closing a circuit breaker between two
electrical generating systems that are out of
phase will result in

A. negating the reverse power protection on
the lagging frequency system

B. rapid phase alignment which could
damage generators and ioads connected
1o the system

C. a voltage reduction in both generating
systems

L. reduction of the frequency of the
combined generating system

While paralieling a three-phase generator to
the giid, closing the generator output breaker
with the generator output voltage

the grid voltage will result in the generator
picking up reactive current in the
direction.

A. equaito, vars positive (lagging)

8. higher than, vars negative (leading)
C. lower than, vars negative (leading)
D. lower than, vars positive (lagging)

. While paralleling a three-phase generator to

the grid, closing the generator output breaker
with the frequency of the generator lower
than grid frequency will result in

A. the generator picking g 1 portion of the
ond real load

B. generator real load being picked up only
it a voltage mismatch exists

C. generator real load being picked up only
if currents are out of phase

D. a possible reverse power trip of the gen-
erator output breaker

November 1993
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BREAKERS, RELAYS, AND DISCONNECTS
Questions

Ciosing a circuit breaker between two
electrical generators that are out of phase
will cause

A one generator to become a motor and
the other generator to supply the
motoring current

B. a voltage reduction in both generators
until normal voltage is manually restored

C. a sudden large mechanical torque 1o be
exerted on both of the generators

D a frequency reduction in both generators
until normal frequency is manually
restored

During paralleling operations of the main
generator to the grid, closing the generator
output breaker with the frequency of the
generator at 61.0 hertz and the grid
frequency at 6U.0 hertz will

A cause the generator to immediately
increase load

B trip open the generator breaker on
reverse power

C. cause the generator voltage to increase
D. cause the generator current to decrease
Which of the following evolutions wili draw
the highest current from: the main generator
during operation of the output breaker?

A. opening the output breaker under fuil-
load conditions

B opening the output breaker under no-
load conditions

C. closing the output breaker with voltages
out of phase

D. closing the output breaker with voltages
in phase

50 The main generator is being paralleled to the

51

189

BWR

grid Generator voltage has been property
adjusted and the synchroscope is rotating
slowly in the clockwise direction

The generator breaker must be closed as

the synchroscope pointer reaches the 12
o'clock position to prevent

A. motoring of the generator due to unequal
frequencies

B. excessive arcing within the generator
output breaker due to out-of-phase
voltages

C. excessive MWe load transfer to the
generator due 1o unequal frequencies

O excessive MWe load transfer 1o the
generator due to out-of-phase voltages

The primary reas n for isolating emergency
electrical loads from their power supply bus
prior 1o energizing the bus via the
emergency diese! generator is to prevent

A an overcurrent condition on the
generator

B. an overcurrent condition on the loads

C. an undertrequency condition on the
generator

D. an underfrequency condition on the
loads
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52. For a circuit breaker placed in the test
position, which of the following statements is
correct?

A

55 Which of the following describes the function
of high voltage electrical disconnects?

Control power is available to the breaker
and functions normally 1o open and close

the breaker.

The test position can only be used to
test a circult breaker on a dead bus.

The main power contacts remain
connected to the load, but the breaker
trips free when tested.

The test position disables the overioad
devices, allowing them to be set during
normal operation.

53, If a breaker is racked in/out 1o the “test"
position, the

A

normal breaker opening and closing

operations cannot be tested because the 57.
test position is for overioad testing only

breaker can only be operated remotely

from its associated remote control panel

remote position indication for the breaker

is still operational

electrical jumpers must be connected to

the operating colls o operate the
breaker

54 The following remote indications are
observed for a 480 VAC load supply breaker

(The breaker is normally open.)

Red indicating light is on
Green indicating light is off
Load voltage indicates 0 volts
Line voltage indicates 480 volts

What is the condition of the breaker?

ocom>»

BWR

open and racked in

closed and racked in

open and racked to "test” position
closed and racked to "test” position

1.8-10

A

isolate equipment electrically during no-
load conditions

isolate equipment electrically during
overioad conditions

protect circuits during overcurrent condi-
tions

protect circuits during undervoltage con-
ditions

. High voltage electrical disconnects shouid

not be used to

A
B.
C.
D.

electrically connect buswork sections
interrupt circuits under load
electrically ground buswork

isolate equipment electrically

High voltage electrical disconnects

A

usually operate automatically requiring
no operator action

require a remote means of indication to
determine actual position

shouid never be used to interrupt a cir-
cuit under load

should be connected so that they short
the buswork to ground
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Questions

58. High voltage electrical disconnects function

59

to

A adjust the voltage output from a main
f-ower transformer

B. trip open before bus feeder breakers
upon electrical bus faults

C. provide equipment isolation under no
load condttions

D. bypass and isolate an electrical bus
while maintaining the downstream buses
energized

High voltage electrical disconnects function
to

A protect again:t overload conditions
B interrupt high voltage conditions

C. disconnect circuts under load

D isolate equipment electrically

A typical 120 VAC manual circuit breaker

has tripped due to oveitoad. Which of the
following must be performed 1o close this

circuit breaker?

A. The handie must be moved from the
mid-position to the off posttion to reset

the trip latch, and then to the on position.

B The handle must be moved from the off
position to the mid-position to reset the
trip latch, and then to the on position

C. The harndle must be moved from the
mid-posttion directly to the on position.
Trip iatch reset is not required.

D. The handle musi be moved from the off
position directly to the on position. Trip
latch reset is not required.

61

62.

Prior to connecting the main generator 1o the
power grid, generator voltage should be

.. grid voltage and genetator
frequency should be gnd
frequency

A. equal to; higher than
B. higher than: higher than
C. equal to; equal to

D. higher than; equal to

Refer to the drawing of a typica! valve
control circutt (see figure 1.8-2)

The intiating condition occurs and closes the
#1 ana #2 contacts to energize the K-3 relay
and open the valve. Which one of the
following will close the valve?

A. Loss of 1256 VDC

B. Both #1 and #2 contacts open

C. Either #1 or #2 contact opens
D

. Depressing the S1 push-button with the

1.8-11

BWR

initiating condttion present
i FIGURE 1.8-2 4
125 VDC+
~Z #1 Contact
- 81
“ #2 Contact

[ AF #3 Conttact

|

)

1

)

1

]

]

i

i

B ol DT

. - p
Typical Vatve Control Circuit
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Questions
63. Which one of the following describes a Grid voltage: 114 8 Kv
benefit of using charged springs (in lieu of a
solenoid operator) to close some 4160 volt When the generator output breaker is closed
breakers? the generator will:
A. Springs produce faster breaker closing A. acquire real load and reactive load
B Springs can be repaired or replaced B. acquire real load but become a reactive
without removing the breaker from load to the grid
service,
C. become a real load to the grid but
C. Springs provide stored energy to allow acquire reactive load
local cycling of the breaker upon ioss of
control power D. become a real load and a reactive load
to the gnd
D. Springs will keep the breaker contacts
firmly seated after ciosing 1o minimize
arcing.
64 Which one of the foliowing is an unsafe
practice if performed by an electrician
working on or near energized etectrical
equipment?
A. Using two hands for balance and to .
prevernt dropping tools onto energized
equipment.

B. Standing on insulating rubber material to
increase the electrical resistance of the
body to ground.

C. Having a person stand by o deenergize
the equipment in the event of an
emergency.

D. Covering exposed energized circuits with
insulating material to pravent inadvertent
contact.

65 A three-phase AC generator is being
paralieled to the grid with the following

conditions:

Generator freguency: 505 Kz
Grid frequency. 58.8 Hz
Generator voltage. 1151 Kv

1812
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BREAKERS, RELAYS, AND DISCONNECTS
Answers

In addition to the correct answer, a brief
explanation of the answer (if needed for
clarity), is provided along with a reference
for each question/answer. Reference num-
bers are keyed to the list of references in

Appendix B.
1. A

Circuit breakers are racked cut to protect
personnel and equipment

Reference 05, page 9

- i

Breaker must be fully racked out to deenergize
control circuits

Reference 05, page 9

3 D

Most control circuils are deerergized by pulling
control power fuses.

Reference 05, page 9

4 C

Reference 05, page 9

§ D

Circuit breakers are racked out and control
power fuses pulled to deenergize components
and associated control and Indication circuits,

Reference 05, page 9.

BWR

6 A

Circuit breakers are racked out and control
power fuses pulled to deenergize components
and associated control and indication circuits.

Reference 05, page 9

7. A

*Note: Each facility should review this question
for applicability to their switchgear.

These indications reveal that the breaker is open
as supported by load voltage. Breaker is racked
in because indicating lights are stif! available for
indication Breaker overload flags indicated an
overjoad condition existed at some time in the

past.

Reference 05, page 242

8 B

‘Note: Each facility shouid review this question
for applicability to their switchgear.

Choice B is correct because mechanical flag in-
dication is a posftive means of determining
breaker position as supporied by load-side volt
meter indication.

A&C  Overcurrent trip flags are not a positive
indication of breaker position since they normally
must be reset afler each actuation.

D OPEN/CLOSED indicating lights are not
available without breaker control power and
therefore are not always truly indicative of
breaker positions. Ammeter indication provides
no indication of an open breaker (e.g., the
breaker might be closed with no load operating).

Reference 05, page 242,

1813
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9 C

Overcurrent trip flags must be reset manually by
the operator after each overcurrent trip in order
to allow the flags to be indicative of future
overcurrent events that might occur

Reference 05, page 242.

10. B

Mechanical OPEN/CLOSED flag indication,
coupled with load voltage indicating normally,
indicates breaker is ciosed.

Reference 05, page 242.

1. D

12. B

Reterence 05, nage 242

13. D

Reference 05, page 242

14. D

Protective device trips require breaker control
power to energize the trip coil, therefore, if a
protective device trip is actuated, control power
must be available.

Reference 05, page 242.

i5 A

A loss of breaker control power will resuli in in-
abilty to trip the breaker (remotely, automati-
cally, or on fault) concurrent with loss of indicat-
ing lights (local and remote).

Reference 05. page 242

16. B

A loss of breaker control power will result in in-
abiiity to trip the breaker (remotely, automati-
cally, or on fault) concurrent with loss of indicat-
ing lights (local and remote).

Reference 05, page 242

17. D

Control power supplies the charging motors for
breaker operation and therefore the motor will
not charge if manually operated
(OPEN/CLOSED). Ammeter indication is not
control-power-dependent so will indicate amps if
load is on. Remote breaker position indication is
not available. The breaker will not trip due to
protective actuation if no power is available to
the trip coil.

Reference 05, page 242.

18. C

Even with a loss of control power, a circuit
breaker can be manually closed by local opera-
tion {even if manual charging of closing springs
is necessary).

Reference 05, page 242.

19.D

Reference 05, page 242.

20.C

Reference 05, page 242.

1814
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Answers
21. D 27. B
identifying different conditions that can cause Reference 06
thermal overioads to function shows how differ-
ent parameters can affect the operation of a
motor and/or gives a choice of controllable pa- 28. A

rameters to help prevent damaging motors

Reference 50, pages 152 and 153.

22 C

identifying different conditions that can cause
thermal overloads to function shows how ditfer-
ent parameters can affect the operation of a
motor and/or gives a choice of controllable pa-
rameters to help prevent damaging motors.

Reference 50, pages 152 and 153.

23. D

Overloads are not overvoltage protective
devices

Reference 50, pages 152 and 153

24 B

Reference 50, page 152 and 153.

Closing contacts #1 and #2 completes series cir-
cuit energizing relay coil K3, which closes seal-in
contact #3. If the conditions that closed contacts
#1 or #2 clear, relay coil #3 will remain energized
untit pushbutton S1 is depressed, breaking the
seal-in.

Reference 06.

29. B

Closing contacts #1 and #2 completes series cir-
cuit energizing relay ceil K3, which closes seal-in
contact #3. If the conditions which ciosed ¢ on-
tacts #1 or #2 clear, relay coil #3 will remai 1 en-
ergized until pushbutton 81 is depressed, sreak-
ing the seal-in.

Reference 06.
30. B
Closing contacts #1 and #2 completes series

circuit energizing relay coil K3, which closes
seal-in contact #3.

Reference 06
25 D
Too low a value for starting torque will not cause  31. A
a high temperature condition requiring a thermal
overioad device. Reference 06.
Reference 50, pages 152 and 153

32 A
26. C Reference 06,
Reference 50, pages 152 and 153,

1.8-15
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Answers
33. B 40. A
Reterence 06 Closing a generator output breaker during paral-
lel operations with currents or voltages out of
phase will result in large current flow across the
34 A breaker.

Breakers must be in the open position prior to
being racked out of the switchgear.

Reference 19, chapter 4, page 2, and Reference
062, chapter 30.

35. C

A fundamental rule of disconnect operation is
never open or close a disconnect unless the cir-
cuft breaker in series with it is open.

Reference 11, page 67; and Reference 062,
chapter 30

36 D

Reference 11, page 67, and Reference 062,
chapter 30

37.B

Reference 11, page 67, and Reference 062
chapter 30.

38.D

Reference 19, chapter 4, page 2; and Reference
062, chapter 30

39. A

Reference 19, chapter 4, page 2, and Reference
062, chapter 30

1.8-16

BWR

Reference 05, page 302.

41 B

A higher frequency on the incoming source will
result in the generator picking up load.

Reterence 05, page 302; and reference 39, page
182

42 D

Circutt breakers and generators are designed to
be tripped under full design load without

damage. An open circuit fault will deenergize
the downstream loads, reducing current.

Reference 05,

43. A

Reference 05, page 302.

4 B

Reference 05, page 302.

45 C

An underexcited machine when paralieled to the
grid will pick up reactive load in the vars in or

leading direction

Reference 05, page 302; and reference 39, page
182.
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46. D

Generator output breakers equipped with re-
verse power trips will open if the grid is sensed
to be supplying the generator with power.

Reference 05, page 302. and reference 39, page

182.

47 . C

Reference 05, page 302

48 A

Reference 05, page 302

49. C

Reference 05, page 302

50. B

Reference 05, page 302.

51. A

Reference 05, page 302

62. A

Reference 05

53. C

Reference 05.

54 D

Refarence 056

BWR

55 A

Disconnects should only be used to isolate
circuits that are not under load

Reference 11, page 66

56. B

Disconnects are normally used to connect or dis-
connect sections of buswork. They may also be
used to ground isolated buswork to ground. Dis-
connects must never be opened under load.

Reference 11, page 66

57. C

Disconnects should never be operated to
interrupt a circult that is under load. They never
operate automatically but may be motor oper-
ated. The position of most disconnects may be
visibly determined locally. Never ground ener-
gized buswork.

Reference 11, page 66.

58.C

Disconnects may be used manually to isolate
equipment electrically only after it is uniocaded;
disconnects have no automatic protective
actuations.

Reference 11, page 66.

59. D

Disconnects have no protective actuations and
are only used to isolate equipment after it has
been unicaded.

Reference 34, chapter 9, page 27.

1817
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Answers
60 A
61. A
62. A
63. C
64. A
65. C
1.8-18
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BREAKERS, RELAYS, AND DISCONNECTS
Learning Objectives

Each learning objective listed below is
preceded by the associated question
number(s) and by the number of its related
knowledge statement.

K1.01_Questions 1-6
State the purposes for racking out breakers

K1.02 Questions 7-13

identify the methods by which circult breaker
local indication may be used 1o determine
whether a breaker is open, closed, tripped, or
racked out/in.

K1.03 Questions 14-20

Identity potential indications of loss of circuit
breaker control power.

K1.04 Questions 60, 63

Operation of various push buttons, switches, and
handles and the resulting action on breakers.

K105 Questions 21, 22

Identify conditions for which thermal overload
protection function is used in motors.

K1.05 Questions 23-26

Describe the function of a thermal overioad pro-
fection device.

K1.06_Questions 27, 33, 62

Given a typical one-line logic diagram, describe
the function of the identified components.

K1.07 Questions 34, 38, 39, 64
State the safety precautions associated with
circut breaker ( 450 volts or greater) operation.

K1.07 Questions 35, 36

State the safety precautions associated with
operation of high voltage electrical disconnects
{yreater than 750 volts)

K1.07 Question 37

State the safety precautions associated with op-
eration of low vollage electrical disconnects (less
than 750 volis).

K1.08 Questions 40-51, 61, 65

Identify the effects of closing alternating current
(A.C.) generator output breakers during parallel-
ing operations under the following conditions:

currents out of phase

different frequencies

high voltage differential

with frequency relationship that results in re-
verse power conditions

cow>

K1.09 Questions 52-54

identify the effects of placing a circuft breaker in
the “test” position.

K110 Questions 56-59

Identify the function and methods of control of
high voltage electncal disconnects.

1.8-19

BWR

November 1993



BREAKERS, RELAYS, AND DISCONNECTS
Learning Objectives

1.8-20
BWHR November 1993



NEUTRONS
Questions

A neutron that is born within 10" 14 seconds
of the fission event is called a ___
neutron

A thermal

B delayed

C. prompt

D. ftast

A prompt neutron is one that

A. has reached thermal equilibrium with its
surrounding medium

B is born within 1014 seconds of the fis-
sion event

C. is born later than 12 seconds after the
fission event

D. is created by the decay of fission frag-
ments

e neutrons are born from first ex-

cited daughters generated from the fission
process.

A prompt
B. thermal
C. delayed
D. fast

Delayed neutrons are neutrons that

A. have reached thermal equilibrium with
the surrounding medium

B. are born within 10-14 seconds of the fis-
sion event

C. are born with an average kinetic energy
of less than 1 MeV

D. are responsible for the majority of U-235
fissions

5 Describe the production mechanisms of

prompt and delayed neutrons

What type of neutron has an average
neutron generation time of 12.5 seconds?

A plvlm
B. delayed
C. fast

D. thermal

Which of the following is the best definition
of the term “prompt neutron™?

A. a high-energy neutron emitted from a
neutron precursor, immediately after the
fission process

B. a neutron with an energy level greater
than 0.1 MeV, emitted in less than 104
seconds foilowing a nuclear fission

C. a neutron emitted in less than 1014
seconds following a nuclear fission

D. aneutron emitted as a result of a
gamma-n or aipha-n reaction

The term "neutron generation time" is
defined as the average time between

A. neutron absorption and resulting fission

B. the production of a delayed neutron and
subsequent neutron thermalization

C. neutron absorption producing a fission
and absorption of resultant neutrons

D. neutron thermalization and subsequent
nautron absorption

2.11
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9.

10.

11

12

NEUTRONS
Questions

Prompt neutrons may be most correctly
defined as

A. low-energy neutrons, less than 0.1 MeV

B. neutrons occurring directly from nuclear
fission

C. high-energy neutrons, greater than 2.0
MeV

D. neutrons occurring indirectly from fission
through fission-fragment decay

A rautron that is born within 10° 14 seconds
of the fission event is called a
neutron.

A. subcritical
B. supercritical
C. prompt

D. fast
A thermal neutron is a neutron that

A. is produced only from a delayed neutron
precursor

B. travels in a straight line to thermalization

C. is in thermal equilibrium with its
surrounding medium

D. is produced only by a thermal fission

A ________ neutron has reached the same
energy as s surrounding medium.

A delayed
8. prompt
C. thermal
D. fast

BWR

13

14

15.

Which of the following is a characteristic of
thermal neutrons?

A. They are born within 1014 seconds of
the fission event.

B They are born greater than 12 seconds
following the fission event

C. They are created by the decay of fission
fragments.

D. They are at the same energy level as the
surrounding medium,

A neutron that possesses the same kinetic
energy as fts surroundings is called a/an
o DeUtTON

slow
intermediate
fast

thermal

oom>»

In the definition of a thermal neutron, a rela-
tionship is established between the neutron
and its environment. Which of the following
statements best describes this reiationship?

A Thermal neutron possesses lower kinetic
energy than fts environment.

B. Thermal neutron possesses same ki-
netic energy as its environment.

C. Thermal neutron possesses higher
kinetic energy than its environment.

D. Kinetic energy is not part of the relation-
ship.

November 1993
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17

18

19

NEUTRONS
Questions

A neutron is "thermal" when

A its kinetic energy is in the 1 eV to 1,000
eV energy range

B. 1 is in energy equilibrium with the
moderating medium

C. it is released from the fission of a U-235
atom

D. its cross-section for absorption in the
fuel undergoes a sudyen decrease

Which one of the following ranges contains
the energy level of thermal neutrons in a
reactor operating at full power?

A. 0001100016V
B. 001t00.1eV
C. 0O1to1eV

D 10108V

A neutron reaches thermal equilibrium with
its surrounding. . through

A. collisions with atoms
B. radicactive decay
C. compton scattering

D. radiciytic decomposition

Which of the following parameters would not 23,

have an effect on the moderation of neutrons
in an operating reactor?

type of moderator

initial neutron energy

ionic charge of particies in the moderator
temperature of the moderator

oo®»

BWR

20. Which of the following best describes the

21

term “moderation”?
A. slowing down of neutrons
B. absorption of neutrons

C. distribution of energy per unit time of the
neutron flux

D net vector distance between thermaliza-
tion and absorption

The interaction in the reactor core that is
most efficient in thermalizing neutrons for
fission occurs with the

A hydrogen atoms in the water molecules
B. oxygen atoms in the water molecules
C. boron atoms in the control rods

D. zirconium atoms in the fuel ciadding

During neutron moderation, a neutron is
most susceptible to resonant absorption
whenftisa/an ___________ neutron.
M. slow

B. fast

C. epithermal

D. thermal

Neutron moderation describes

A. a decrease in the core neutron
popuiation from thermal neutron

absorption

B. an increase in the neutron multiplication
factor due to a reduction in neutron

poisons

C. the loss of fission neutrons from the core
by leakage

D. the reduction of neutron energy due 1o
scattering reactions
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NEUTRONS
Questions

24 Select the circumstance that will increase 29. The best neutron moderator is
the amount of neutron modaeration in a BWR

operating at saturaied conditions. A. dense and is composed of \arge atoms
A. increasing moderator temperature B not dense and is composed of large
atoms
B reducing reactor recirculation system
flow C. dense and is composed of smail atoms
C. reducing reactor pressure vessel (RPV) D not dense and is composed of small
pressure atoms
D reducing feedwater inlet temperature 30. Which one of the following describes the
energy level of a thermal neutron in a reactor
25. A description of a good moderator is a mod- operating at full power?
erator that is
A The kinetic energy of the neutron has
A. dense and is composed of large atoms decreased until it is nearly in equilibrium
with its surroundings.
B. not dense and is composed of large
atoms B. The potential energy of the neutron has
decreased to nearly zero as the neutron
C. dense and is composed of small atoms approaches equilibrium with its
surroundings.
D. not dense and is composed of small
atoms C. The kinetic energy of the neutron has
decreased sufficiently to allow the
26. A good moderator has a neutron 1o be resonantly absorbed by
macroscopic absorption cross section, a U-238.
section, and a average D. The potential energy of the neutron has
logarithmic energy decrement. decreased to a level that will aliow the

neutron to be absorbed by U-235.
A. small, small, small
B. small, small, large
C. small, large, large
D. large, large, large

27. Describe three nuclear characteristics of a
good neutron moderator.

28. The best neutron moderator is
and is composed of atoms.

A  dense, large
B. not dense; large
C. dense; small
D. not dense; small

214
BWR November 1993



NEUTRONS
Answers

In addition to the correct answer, a brief ex-
planation of the arswer (if needed for clar-
ity), is provided along with a reference for
each question/answer. Reference numbers
are keyed to the list of references in
Appendix B.

1. C

Reference 21, chapter 3, page 21

2 B

Reference 21, chapter 3, page 21

3 C

Reference 21, chapter 3, page 21

4 C

Reference 21, chapter 3, page 21.

s

Prompt neutrons are emitted trom fission
fragments within 10-14 seconds of the fission
event. Delayed neutrons are produced later,
from the decay of a daughter product of fission
fragment decay. The fission fragment decays to
an excited daughter, which then decays by
neutron emission.

Reference 73, page 7-23.

6. B

Reference 31, chapter 3, page 33, and reference
07, chapter 3, page 27.

7. C

Reference 21, chapter 3, page 21.

8 C

Reference 21, chapter 3

9 B

Reference 21, chapter 3, page 21

10. C

Reterence 21, chapter 3, page 21.

11. C

Reference 21, chapter 3

12.C

A thermal neutron is one that has lost energy
through numerous collisions and has reached an
energy level where it wili either gain or lose en-
ergy on its subsequent collision tc stay in the
same energy state as its surrounding medium.

Reference 21.

13.D

A thermal neutron is one that has lost energy
through numerous collisions and has reached an
energy level where it will either gain or lose en-
ergy on its subsequent collisions to stay in the
same energy state as its surrounding medium.

Retference 21.

14.D

Reference 31, appendix G, page 35.

15. B

Reference 31, appendix G, page 35

2.1-5

BWR
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Answers

16. B 23. D

Heference 21 Reference 21

17. B 24. D

Reference 21. Reducing feedwater inlet temperature will in-
crease moderator density and the increasad
density will increase neutron moderation.

18. A

Neutrons give up energy through collisions with
other atoms, especially atoms with low atomic
numbers. After enough energy is given up
through collisions, the neutron's kinetic energy
will be comparabie to that of surrounding atoms.

Reference 21.

19. C

Neutrons are not charged particles. Therefore,
when a neutron comes in close proximity to a
charged particle, no effect will be exhibited on
the neutron,

Reference 21, chapter 4, page 5.

20. A

A is the correct response since moderation is the
process of slowing neutrons down

Reference 21, chapter 4, page 5.

21. A

Reference 21, chapter 4, page 5.

22. C

Reference 21

Reference 21, chapter 4, page 5.

25. C

A smail atom will allow the largest transfer of
energy per collision and the more dense the
moderator is, the more collisions there will be.

Reference 21, chapter 4, page 5.

26.C

A good moderator absorbs few neutrons, has a

high probabiiity for scattering netutrons, and
thermalizes a neutron in few collisions.

Reference 73, page 4-77.

27.

A good neutron moderator has a small
macroscopic absorption cross section and
therefore absorbs few neutrons. It has a large
probabiiity of undergoing scattering reactions,
reflected by a large macroscopic scattering cross
section. And its large average logarithmic
energy decrement results in a large energy loss
per collision; therefore, a neutron requires
relatively few collisions to be thermalized.

Reference 73, page 4-77.

28.C

Reference 21.

216
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Answers
29. C
Reference 21
) A
2.1-7
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NEUTRONS
Learning Objectives

Each learning objective listed below is
preceded by the associated question
number(s) and by the number of its related
knowledge statement.

K102 Questions 1-10

Define "prompt neutrons” and "delayed
neutrons "

Define “thermal neutrons .*

Describe neutron moderation

K1.04 Question 24

Describe operational conditions that affect neu-
tron moderation

K105 Questions 25-29

Identity characteristics of good moderators

November 1993
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NEUTRON LIFE CYCLE
Questions

A reacior with an effective multiplication
factor {Kgy) slightly greater than one is

subcritical
critical
supercritical
prompt critical

COw@>»

A reactor is clarsified as subcritical when
Katt 18 and the reactor does not
have a self-supporting ____

A less than 1, reactor period

B  less than 1, chain-reaction

C. greater than 1, quantized state

D. greater than 1, thermal neutron supply

Which of the following conditions describes a
reactor that is exactly critical?

A Kgy=1 akKk=0
B. Ky =1 Ak = 1
C Ketf = 0; ak/k = 0
D. Kgpf = 0 Ak/k = 1

The operator has just pulled control rods and
changed the effective muftiplication factor
(Kgfy) from 0.998 to 1.002. The reactor is
now:

A prompt critical
B supercritical
C. exactly critical
D. suberttical

221

BWR

5 The effective multiplication factor (Kagf) I8

defined as

A. no. of neutrons generated by tast fission
no. of neutrons generated by ‘hermal fis-
sion

no. of neutrons in active fuel area

generation
no. of neutrons in previous generation

no of noutvons m pruom gemmlm

The "number of neutrons from fission in the

present generation compared 1o the number
of neutrons in the previous generation” is the

A reproduction factor

B. fast fission factor

C. neutron generation factor
D effective muttiplication factor

Select the word that best completes the
following definition of the effective multipli-
cation factor (Kggf)

"The number of neutrons produced from
fission in the second generation divided by
the number of neutrons produced in the

_ generation. "

A first
B second
C. third
D. fourth

Is the following statement true or faise?
Explain your re 1soning

"A reactor can have an effective

multiplication factor equai to one and yet not
be critical *
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NEUTRON LIFE CYCLE

Questions
9. Areactor with a Kgg of 1.002 would be C. no.of neutrons in previous generation
considered no. of neutrons in present generation
A supercritical D. no._of neutrons from fission at end of
B. critical generation
C. subcritical no. of neutrons at end of previous
D. prompt critical generation
10. Kggf 18 not dependent on 14. Which one of the following, if changed. will
not affect Kgg?
A core dimensions
B core bumout A fuel enrichment
C. moderator-to-fual ratio
D. instalied neutron sources B. control rod worth
11. Which of the following is the muliiplication C. neutron contribution from neutron
factor of a reactor? sources
A shutdown margin D shutdown margin when the reactor is
B Keffective Spornt
- Kinﬁnny 4 .
D gl 15. Which one of the following, if decreased, will
not aliect Kgg?
12 Effective multiplication factor is defined as ;
“the number of fiesicn neutrons in the pre- A. fuel enrichment
sent generation” divided by "the number of
neutrons produced in the previous genera- B. control rod worth
tion® and is represented by the s
” o C. neutron contribution from neutron
A Lty sources
B. Kex ,
C. Ket D. shutdown margin when the reactor is

D. Bett subcritical

13. Select the formula that defines effective mul- 16, The term "K-excess® is defined as

NacHten facier ew A. the fractio,al change in neutron

A population er generation
B. the amount by which Kgy exceeds 1.0 in
B. no.of neutrons bom in "< fuel area S SIPSDIRIS AP T
no. of neutrons born in the moderator
inserted to bring a shuidown reactor to
criticality

D. the amount by which the total installed
core Koy exceeds 1.0

222
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17.

18.

19

20,

21,

NEUTRON LIFE CYCLE
Questions

Why is a reactor designed to have a positive
7

Kexcess”
Which of the following contribute 10 the value
of a reactor's Kgycegs?

fuel

control rods

fission product poisons
burnable poisons

oo®»

cxplain how the term “shiutdown margin” can
be applied 10 an gperaling reactor

Shutdown margin (SDM) is a measure of
how much

A a reactor is subcritical compared to K¢
equalto 1.0

B. reactivity must be inserted to maintain
Ketf less than 1.0

C. difference exists between K¢ at
beginning and end of Iife

D. reactivity is inserted when all controls
rods are fuily inserted

When determining shutdown margin for an
operating reactor, how many control rods are
assumad to remain fully withdrawn?

A. a single control rod of the highest
reactivity worth

B. a symmetrical pair of control rods of the
highest reactivity worth

C. asingle control rod of average reactivity
worth

D. asymmetrical pair of control rods of av-
erage reactivity worth

22. Shutdown margin (SDM) is defined as the
amount a cold, xenon-free reactor at 68°F
would be subcritical with all control rods

A withdrawn, assuming the average worth
rod remains stuck fully inserted

B. inserted, assuming the average worth
rod remains stuck fully withdrawn

C. withdrawn, assuming the highest worth
rod remains stuck fully inserted

D. inserted, assuming the highest worth rod
remains stuck fully withdrawn
23 Shutdown margin (SDM) is defined as the
amount a cold, xenon-free reactor at 68°F
would be subcritical f all control rods were
inserted, assuming the control rod of the
woith remains fully withdrawn.

lowest reactivity
highest reactivity
lowest activity
highest activity

oow®»

24 The phrase "the amount a cold, xenon-free
reactor at 68°F would be subcritical if all con-
trol rods were inserted, assuming the control
rod of the highest worth remains fully with-
drawn® is the definition of shutdown

A deficit
8. defect
C. margin
D. coefficient
25. The fractional change in neutron population
from one generation to the next is called

A beta
B. Kef
C. lambda
D. reactivity

22-3

BWR
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26

27

28

29.

NEUTRON LIFE CYCLE
Questions

Which one of the following is the most
accurate definition of the term “reactivity"?

A. the rate of change of reactor power in
neutrons per second

B. the ratio of the number of neutrons at
some point in a generation 1o the
number of neutrons at the same point in
the previous generation

C. the factor by which the neutron
population changes per unit time

D. the fractional change in the neamess of
the reactor to a critical condition

Reactivity is defined as

A the fractional change in neutron
population per generation

B. the number of neutrons by which neu-
tron population changes per generation

C. the rate of change of reactor power in
neutrons per second

D  the change in the number of neutrons
per second that cause a fission event

In & subcritical reactor, Kay was increased
from 0.85 1o 0.95 by rod withdrawal. Which
one of the foliowing 1s closest to the amount
of reactivity that was added to the core?

A 0.099 Ak/k
B. 0.124 Ak
C. 0.176 akk
D. 0.229 AWk

The formula (Kggy - 1) / Koy is @
mathematical definition of which of the
following terms?

reactivity

reactor period

differential rod worth
effective multiplication factor

cow>»

BWR

30. Select the term that is defined by the follow-

31.

22-4

ing phrases

“The fractional change in neutron population
per generation”

“A measure of a reactor's departure from
criticality”

A reproduction factor
B. reactor period

C. reaction rate

D. reactivity

The spent fuel storage pool is designed to
ensure remains <0.95 What is the
value of reactivity associated with this Kgg?

A. - 0.0005 Ak/k
B - 00027 ak/k
C. -0.0526 ak/k
D. -0.0864 Ak
. With Kggs equal to 0.983, how much

reactivity must be added to make the reactor
exaclly critical?

A 1.70% ak/k
B. 1.73% akk
C. 3.40% ak/k
D. 3.43% akk

. The shutdown margin (SDM) immediately

following a reactor scram from full power is
the SDM immediately prior to
the scram.

A less than

B equalto

C. greater than
0. independent of

November 1993



NEUTRON LIFE CYCLE

Questions

34. Which one of the following events would

35

37

decrease shutdown margin in a BWR?
A fuel depletion

B. buildup of samarium-149

C. depletion of gadolinium

D. increasing moderator temperature 10°F
during shutdown

List five parameters or design features
whose change would affect a shitdown
reactor's cridcality condition (margin of
shutdown). And, explain the reactivity effect
of an Increase in each one.

. The shutdown margin (SDM), upon full

insertion of all control rods following a
reactor scram from full power, is
the SDM immediately prior to

the scram.

equal to
less than
greater than

independent of

The effective multiplication factor (Keg)
describes the ratio of the number of fission
neutrons at the end cf one generation to the
number of fission neutrons at the

of the generation

oDo@>»

end; previous
beginning, previous
end; next

beginning; next

Dom>

38. One hour ago, the reactor scrammed from

100% steady state power due 1o an
instrument malfunction. All systems
operated normally

Given the following absolute values of
reactivities added since the scram, assign a
{+) or {~) as appropriate and choose the
current value of shutdown margin.

Xenon =() 1.0% AKK
Fuel Temperature =( ) 2.0% AK/K
Control Rods =()14.0% AK/K
Voids ={ )30% AK/K
A -80% AK/K

B. -10.0% AK/K

C. -14.0% AK/K
D. -20.0% AK/K

. The foliowing are combinations of critical

conditions that exist for the same reactor
operating at 20% power at different times in
core life. Which combination indicates the
largest amount of excess reactivity exists in
the core?

CONTROL ROD REACTOR RECIR-

POSITION CULATION FLOW
A. 25% rod density 25%
B. 50% rod density 50%
C. 25% rod density 50%
D. 50% rod density 25%
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NEUTRON LIFE CYCLE

Apswers
In addition to the correct answer, a brief 6 D
explanation of the answer (if needed for
clarity), is provided along with a reference i = defined as

for each question/answer. Reference
numbers are keyed to the list of references in ’ i8S - in one geners
Appendix B. number of newons in premus goneratlon

1. C Reference 73, chapter 5, page 16.
A reactor is supercritical when Kggy is > 1.

Reference 73, chapter 5, page 18

2. B

numbsr of neutrom in prevnous generauon

Subcriticality is the condition of a reactor when

the effective multiplication factor is less than Reference 73, chapter 5, page 16.

one. A subcritical reactor cannot maintain a

seli-supporting chain reaction
8.

Reference 73, chapter 5, page 19.
The statement is false. By definition, a reactor is
critical when its effective multiplication factor

3 A equals one. It is possibie however, for power to
be increasing or decreasing when a reactor is

A reactor is exactly critical when Kgy = 1 and critical, due to the effects of source and delayed

reactivity = 0 neutrons.

Reference 73, chapter 5, page 19 Reference 73, page 5-18.

4 B 8 A

A reactor is supercritical when Kgg is > 1, sub- Reference 73, chapter 5, page 19.
critical when Kgg is < 1, and critical when

Kef!"» 10. D.

Reference 73, chapter 5, page 19 Ketf 1s @ measure of the probability that one
fission event will cause another fission. This
probability is affected by core size and materials.

5. C It is not affected by the introduction of non-
fissior, neutrons

Keff is defined as
Reference 73, chapter 5.

number of nomons in prevaous gonenmon

1.8
Reterence 73, chapter 5. page 16
Reference 73, chapter 5 page 16

226
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NEUTRON LIFE CYCLE
Answers

12. C

The symbol for the effective muttiplication factor
s "Kafr "

Reference 73, chapter 5, page 16.

13. D

Effective multiplication factor Kgg is defined as

number of fission neutrons in one generation

number of neutrons in previous generation

Reference 73, chapter 5, page 16

14. C

Reference 73, chapter 5, page 16

15. C

Reterence 73, chapter 5.

16. D

The built-in reactivity of a new core must exceed
a Kggs of 1.0 1o compensate for negative
reactivity that will be inserted by fuel burnup,
fission product poison buildup. and temperature
increases  Without some excess reactivity, the
reacior could attain criticaiity briefly, but wouid
not be able to sustain criticality as fuel depletes
and poisons increase.

Reference 77, page 2-7.

17

The built-in reactivity of a new core must exceed
a Kggf of 1.0 1o compensate tor negative
reactivity that will be inserted by fuel burnup,
fission product poison buildup, and temperature
increases. Without some excess reactivity, the
reactor could attain criticality bnefly, but would
not be able 1o sustain criticality as fuel depletes
and poisons increase.

Reference 77, page 2-7

18. A

Reference 77, page 2-7.

19

"Shutdown margin" can be applied to an
operating reactor 1o describe the amount by
which the reactor would be subcritical if rods
were instantaneously inserted 10 shut the reactor
down. Technical specifications typically set
limits on shutdown margin assuming the single
most reactive rod fails to insen.

Reference 77, page 7-13.

20. A

Reference 21, chapter 3

21. A

SDM is defined as the amount a cold, xenon-tree
reactor would be subcritical at cold shutdown
(68°F) condttions if all control rod assemblies
waere tripped, assuming the highest worth as-
sembly remained fully withdrawn.

Reference 77, page 7-13; and reference 15,
chapter 8, page 9-8,

2.2-7

BWR
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NEUTRON LIFE CYCLE
Answers

22. D

SDM is defined as the amount a cold, xenon-free
reactor would be subcritical at cold shutdown
(68°F) conditions if all control rod assemblies
were tripped, assuming the highest worth as-
sembly remained fully withdrawn.

Reference 77, page 7-13; and reference 15,
chapter B, page 9-8

23 B

SDM is defined as the amount a cold, xenon-free
reacor would be subcritical at cold shutdown
(68°F) conditions if all control rod assemblies
were trigped, assuming the highest reactivity
worth assembly remaining fully withdrawn. Re-
activity is relevant to SDM, whereas activity is
not

Reference 77, page 7-13; and reference 15,
chapter 8, page 9-8

24 C

SDM is defined as the amount a cold, xenon-free
reactor would be subcritical at cold shutdown
(68°F) conditions if ali control rod assemblies
were tripped, assuming the highest worth as-
sembly remained fully withdrawn.

Reference 77, page 7-13; and reference 15,
chapter 8, page 9-8

25.D

Reference 77, page 2-54.

26 D

Reference 73, chapter 5, pages 21 through 53.

27. A

Reactivity is defined as the fractional change in
neutron population per generation. Itisa
measure of a reactor's departure from criticality.

Reference 77, page 2-54.

28 B

Reference 77, page 2-54.

29. A

Reactivity is mathemaiically defined as 5.2—1

Reference 73, chapter 5, pages 21 through 53.

30. D

Reactivity is defined as the fractional change in
neutron population per generation or 8 measure
of a reactor's departure from criticality

Reference 77, page 2-54.

31. C
The definition of reactivity isp = (K- 1)/K
p=(95-1)/.95=-085%63 Ak / k = -5.26% Ak / k

Reference 73, chapter 5, pages 21 through 53.

32 B

Reference 73, chapter 5.

22-8
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NEUTRON LIFE CYCLE
Answers

33 B

35.

The SDM immediately following the reactor trip is  Any five of the following parameters and

equal to the SDM immediately prior 1o the reac-
tor trip because SDM is defined as the amount a
cold, xenon-free reactor would be subcritical at
CSD condttions (68" F) if all control rod assem-
blies were inserted, assuming that the highest
worth control rod assembly remained tully with-
drawn. Thig definition assumes no changes in
xenon concentration occur immediately upon

trip

Reference 77, page 7-13, and reference 15,
chapter 8, page 9-8

34 C

Depietion of the brirnable poison gadolinium will
insert positive reactivity, decreasing the
shutdown margin.

Reference 77, page 7-13.

explanations will satisfy this question:

¢ moderate temperature - An increase would
insert negative reactivity, increasing the
shutdown margin.

o fuel temperature - An increase (caused by
a decrease in heat removal rate or an
incraase in moderator temperature) would
insert negative reactivity, increasing the
shutdown margin.

« control rod position - A withdrawal wouid
add positive reactivity, decreasing the
shutdown margin.

s xenon concentration - An increase would
add negative reactivity, increasing the
shutdown margin.

¢ number of fuel assemblies in the core - An
increase would add positive reactivity,
decreasing the shutdown margin.

¢ exposure/bumup of fuel assemblies in the
core - An increase would add negative
reactivity, increasing the shutdown margin.

Reference 77, pages 7-13 through 7-19.

36. A

Reference 77, pages 7-13 through 7-19.

37. A

229
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NEUTRON LIFE CYCLE
Learning Objectives

Each learning objective listed below is
preceded by the associated question
number(s) and by the number of its reiated
knowledge statement.

K1.07 Questions 1-4

Define "critical” and “subcritical” in terms of the
effective multiplication factor.

K1.08 Questions 5-15 37

Define "effective multiplication factor” with
respect to its relationship to the state of a
reactor

Define "Kexcess ”

K1.10 Questions 19-24

Define "shutdown margin "

K111 Questions 25-28. 30

Defino “reactivity "

K1.12 Questions 29 31-32

Relate reactivity and the effective multiplication
factor,

K114 Questions 33-36, 38

Predict the change in shutdown margin due to
changes in plant parameters.

2210
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REACTOR KINETICS AND NEUTRON SOURCES
Symbols and Terms

neutron population in a
can be made 10 InCrease

ang expiamn the response of
poruiation as equal insertions
re .clivity are made in a subcr
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UDCITC reactor reaches a
reactivity
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REACTOR KINETICS AND NEUTRON SOURCES
Questions

€& Which of the foliowing is not a characteristic
of subcritical multiplication?

A

Doubling the indicated count rate by re-
activity additions will reduce the margin
fo criticality by approximately one half.

For equal reactivity additions, it takes
tonger for the equilibrium subcritical neu-
tron population level 1o be reached as

Kgtf approaches 1.

If an addition of 1 x 10 3 percent A K/K
positive reactivity to a subcritical reactor
causes the count rate to increase by 10
CPS, then an addition of 2 x 10 ~3 per-
cent A K/K positive reactivity will cause
count rate to increase by 20 CPS.

A constani neutron population is
achieved when the total number of nau-
trons produced in one generation is
equal to the number of source neutrons
pius the number of fission neutrons in
the next generation.

7. A reactor startup is in progress. Which one
of the following statements describes the
response to control-rod withdrawal when
taking the reactor critical?

A

BWR

The nuclear instrumentation will take
longer lo stabilize at each new subcritical
level

The reactor will be critical when the
period and power level remain constant,
with no further rod withdrawal.

Each complete control-rod withdrawal
will result in the same amount of change
in subcritical power ievel.

Ei ch control-rod withdrawai results in an
ininal negative period followed by a
strong posftive period.

8 Which of the following statements best
describes subcritical multiplication during a
reactor startup?

A

Subcritical multiplication is the process
of using source neutrons to maintain a
self-sustaining reaction when Kgy is less
than 1

As kgtr approaches unity, a smalier
change in neutron level occurs for a

given change in Kgg.

The equilibrium subcritical neutron level
is dependent on the source strength and
the time between successive reactivity

As kgyy approaches unity, less time is
required to reach the equilibrium neutron
level for a given change in kg

9. Of the following conditions, which group is
necessary for subcritical multiplication to
occur and be detected?

A

232

neutron scurce, moderator, and
fissionable material

Ketf less than one, moderator, and
control rods

moderator, neutron source, and Kgg
greater than one

fissionable material, moderator, and kg
less than one
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REACTOR KINETICS AND NEUTRON SOURCES
Questions

10. During a reactor startup under xenon-free

1.

12

conditions, rod withdrawai is stopped at the
-0.02% a K/K position and the power is
allowed to stabilize. No sdditional operator
actions are taken. in the hour after
stabilization, reactor power level will:

A rapdly decrease 10 its pre-startup level
B. remain essentially constant
C. slowiy decrease because it is subcritical

D. slowly increase due to long-lived delayed
neutrons

A reactor has bean shutdown for several
days during its second fuel cycle with all
artificial neutron sources removed. Which of
the foliowing is providing the greatest
contribution to the shutdown neutron level in
the core?

A spontaneous fission

B. photo-neutron reactions
C. beta-neutron reactions
D. alpha-neutron reactions

A reactor startup is being performed with
xenon-free conditions. Rod withdrawal is
stopped just prior to criticality and neutron
count rate is allowed to stabilize. No
additional operator actions are taken.

During the next 30 minutes count rate will
A_ remain essentially constant

B slowly decrease and stabilize due to
long-lived delayed neutron precursors

C. slowly decrease 1o its pre-startup level
due 1o buildup of xenon-135

D. slowly increase to criticaity due to long-
lived delayed neutron precursors

13.

14.

2.3-3

BWR

Assume your reactor is being taken critical
by periodically withdrawing equal reactivity
control-rod increments. Which one of the
following statements is correct as Kgg
approches unity?

A The neutron level change for successive
rod increment pulls becomes smaller.

B. A longer period of time is required to
reach the equilibrium neutron ievel after
each rod withdrawal

C. A rod withdrawal will result in the reactor

becoming slightly supercritical, due to a
“‘prompt jump,” and then return to a
subcritical level.

D. It the rod withdrawal is stopped for
several hours, the neutron ievel will
decrease o source level.

Which one of the following is a characteristic
of subcritical multiplication?

A. The subcritical neutron level is irectly
proportional to the neutron source
strength.

B. Doubling the indicated count rate by
reactivity additions will reduce the
margin 1o criticality by approximately one
quarter

C. For equal reactivity additions, it takes
less time for the new equilibrium source
range count rate 1o be reached as Kqg
approaches unity.

D. An incremental withdrawal of any given
control rod will produce an equivalent
equilibriurn count rate increase, whether
Ketf 18 0.88 or 0.92
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REACTOR KINETICS AND NEUTRON SOURCES

Questions
15. A subcritical reactor has an inftial Kgg of 13. What is the definition for delayed neutron
0.8000. Positive reactivity is added until the fraction (§8)?
subcritical count rate is doubled. What reac-
tivity addition caused the count rate to dou- A fraction of the total number of delayed
ble? neutrons produced from fission, born
from delayed neutron precursors
A 0138 A KK
B. 0361 A K/K B. fraction of the total number of fast
C. .1389 A KK neutrons produced from fission, born
D 3611 A KK from delayed neutron precursors
16. A reactor is shutdown by 1.8 percent A K/K. C. fraction of the totai number of neutrons
Positive reactivity is added until the count produced from fission, bormn from
rate increases by a factor of 20, and the re- delayed neutron precursors
actor remains subcritical. What is the new
K .7 D. fraction of the total number of thermal
off neutrons produced from fission, bormn
A 9820 from delayed neutron precursors,
8. 9012
C. 9955
D. 9991
17. The delayed neutron fraction for a
fissionable nuclide (f)is defined as
A numBier of neutrons born delayed .
number of neutrons bom prompt

B no. of delayed neutrons thal reach thermal energy
totai no  of fission neutrons reaching hermal energy

c number of neutrons borm delayed
fotal number of neutrons born from fission

D no of detayed neutrons thal reach thermal energy
e of prompt neutrons that reach thermal energy

18. The average effective delayed neutron frac-
tion ( g¢f) is defined as

A numbs of neutrons borm delayed
" number of neutrons born prompt

B no of fissons cuused by delkyed neutrons
total no  of flssions caused by fission neutrons

c number of neutrons borm delayed
fotal numbed of neutrons bom from fisson

D ™ of delayed neutrons that reach thermal energy
no  of prompt neutrons that reach thermai anergy

234
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REACTOR KINETICS AND NEUTRON SOURCES
Questions

20. Define and contrast the delayed neutron

21

23.

24

fraction (f), the effective delayed neutron
fraction (figey). and the average effective
delayed neutron fraction (! g¢)

Explain the difference between ) {(delayed
neutron fraction) and fig¢ (effective delayed
neutron fraction)

The difterence between delayed neutron
fraction and effective delayed neutron frac.
tion is that the

A, delayed neutron fraction is based on a
finite-sized reactor and the effective
delayed neutron fraction is based on an
infinfte-sized reactor

B e'fective delayed neutron fraction will
remain constant over core life bul the
delayed neutrorn fraction changes due to
tuel changes that occur as the core ages

C. delayed neutron fraction considers neu-
trons at their birth while the effective
delayed neutron fraction considers
neutrons causing fission

D. delayed neutron fraction is a weighted
average of various fission products and
the effective delayed neutron fraction is
not

The tatio, . etSer s Aamne e Setned
total number of neutrons bom from fission
is the definition of

A.  multiplication factor

8. effective delayed nettron fraction
C. effective multiplication factor

D delayed neutron fraction

How does the effective delayed neutron
fraction vary over core life?

increases due to the burnup of U-238
decreases due 10 the buildup of Pu-239
increases due 10 the buildup of Pu-239
decreases due to the burnup of U-238

cowm»

25

26,

27,

28

235

BWR

The time in seconds required for power to
change by a factor of "e" (or 2. 71873) is
called the

A stantup rate

B. reactor period
C. shutdown margin
D. doubling time

Which of the following terms defines reactor
period?

A. the time for reactor power to change by
a factor of "e" (or 2.71873)

B. the rate of change of reactor power
exprexsed in decades per minute (DFM)

C. the time for reactor power to change by
a factor of 10

D. the rate of change of reactor power
expressed in decades per second (DPS)

The rate of change of reactor power by
factors of “e" measured in seconds is
expressed by the

A. startup rate
B. shutdown margin
C. reactor period

D. power coefficient

Which of the following phrases defines
“reactor period"?

A. the rate of change of source range
counts during startup, expressed in
counts per minute (CPM)

B. the rate of change of reactor power, ex-
pressed in dacades per minute (DPM)

C. the time required for reactor power 10
change by a factor of 10, expressed in
minutes

D. the time required for reactor power to

change by a factor of "e," expressed in
seconds
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REACTOR KINETICS AND NEUTRON SOURCES
Questions

If reactor power is changing by a factor of "e”
every minute, # is said to have a

L. __ of 60 seconds.

A doubling time

B reactor period

C. startup rate

D. generation rate

Stating that a reactor has a period of 60 sec-
onds indicates that, over a one-minute time
peniod, _ will increase by a factor of

K effective, "e"

K effective, log 10
reactor power, "e"
reactor power, 10

oO®m>»

A reactor whose is changing by a
factor of 2. 7187 each minute is said to have
a period of 60 seconds.

A, power level

B reactor penod

C. multiplication factor
D. doubling time

As core age increases, the reactor response
to a given reactivity addition will become

E _ due to the bulldup of isotopes that
havea _______ delayed neutron fraction.

quicker, smalier
slower, smalier
quicker, larger
slower, larger

cCO®>»
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BWR

33 Without delayed neutrons in the neutron

cycle, when positive reactivity is added to a
critical reactor, the reactor will

A. not be abie to attain criticality

8. begin an uncontrollable rapid power
increase

C. expenence a rapid but controllable
power increase

D experience a prompt jump in power level
foliowed by a decrease to the initial
power level

. Why do delayed neutrons have such a domi-

nant effect upon reactor period?

A. shor delayed neutron lifetime

B long delayed neutron lifetime

C. short delayed neutron generation time
D. long delfayed neutron generation time

. Explain why delayed neutrons are important

in reactor control.

. A small amount of reactivity is added to a

critical reactor in the source/startup range.
The amount added is less than the average
effective delayed neutron fraction.

Which of the following will have a significant
effect on the magnitude of the stable reactor
period achieved for this reactivity addition?

A. moderator temperature coefficient
8. fuel temperature coefficient

C. prompt neutron lffetime

D. average effective decay constant
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38.

40

41

REACTOR KINETICS AND NEUTRON SOQURCES
Questions

Which of the following is true of a critical re-
actor brought to a prompt critical condition?

A The reactivity addition exceeded the fast
neutron fraction.

B The prompt critical condition was
achieved primarily, but not exclusively,
on prompt neutrons

C. The amount of reactivity required to
achiove prompt criticality varies over
core life.

D. Flux nises at a steady, consistent rate
once prompt criticality is achieved.

Explain why a "prompt jump" occurs when a
step insertion of posttive reactivity is made in
a critical reactor.

Explain why a "prompt drop® occurs when a
step insertion of negative reactivity is made
In a critical reactor,

Explain wtiat is meant by the term "prompt
critical *

A reactor is critical with the following data:

Moderator temperature coefficient = - § x
102% AKK'F

Decay constant () = .08 sec -

Average effective delayed neutron fraction
= 0065

How much reactivity would be needed to
take this reactor "prompt critical™?

A 5x1029%a KK
B. .08 % 4 K/K
C. 65%AKK
D. 1.7 % a KX

42.

43

44

45,

237

BWR

A critical reactor will become “prompt critical®
if the reactivity added is equal to the

A shutdown margin

B. effective delayed neutron fraction
C. effective decay constant (1)

D. worth of the most reactive rod

A critical reactor will become prompt critical
if the reactivity added is equal to the

A. effective delayed neutron decay
constant

B effective delayed neutron fraction
C. effective prompt neutron decay constant
D. effective prompt neutron fraction

A small but rapid increase in neutron popula-
fion in response to control rod motion is

called a prompt

A. neutron
B. drop
C. criticality
D jump

As the core ages, the amount of positive
reactivity required to make the reactor
prompt critical will __ because the
average effective delayed neutron fraction

increase, increases

increase; decreases
decrease; increases
decrease; decreases

SCom>»

. A reactor is operating at a power level of 120

watts. A control rod is inserted, which
results in a stable negative B0-second
period. Which of the following is the best
estimate of the reactor power level two
minutes after rod insertion?

27 watts
32 watts
49 watts
54 watts

Cowm>»
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49

50

REACTOR KINETICS AND NEUTRON SOURCES
Questions

The reactor is on a stable 50-second period
at 40 on range 2 of the intermediate
monitors. The point of adding heat is
normally three decades higher, at 40 on
range B of the intermediate range monftors.
Which of the following is the time needed for
power o reach the point of adding heat if the
period reinains constant?

A 2.8 minutes
B. 3.8 minutes
C. 5.8 minutes
D. 6.2 minutes

Reactor power increases from 5 percent to
30 percent in 12 minutes. What reactor
period was required for this transient?

A 01 seconds
B. 21.5 seconds
C. 25 minutes
0. €.7 minutes

After inftial criticality, the reactor period is
stabilized. The source range detectors are
repositioned so that the count rate is 100
cps. Sufficient positive reactivity is added to
establish a 120-second period. How much
time will it take for the count rate to increase
to 10,000 cps with no additional operator
action?

A 1.2 minutes

B 4 minues

C. 9.21 minutes
D. 1582 minutes

A reactor is at 37 percent of rated power. If
a uniform reactivity addition occurs, resulting
in a continuous period of +300 seconds,
which one of the following is the expectad
reactor power level after 5 minutes?

37 62 percent
57 .06 percent
100.58 percent
370 percent

com>»
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BWR

51. During a reactor startup, the intermediate

range monitor (IRM) readings go from 30
percent to 65 percent on the same range in
2 minutes with no operator action. Which of
the following is the average reactor period
during the power increase?

A. 120 seconds
B. 155 seconds
C. 173 seconds
D. 357 seconds

. A critical reactor is at a power level of 53

watls, when a reactivity addition causes re-
aclor power 10 increase on a constant period
of 93 seconds. Assuming that the power in-
crease lasts for 2.6 minutes, what will be the
resulting final power?

A 311 walls
B. 284 watls
C. 96 watls
D. 55 watts

. Reactor power has increased from 387 MW

to 553 MW in a time period of 10 seconds.
What was the reactor period for this power
increase?

A. 3 seconds
B. 24 seconds
C. 28 seconds
D. 35 seconds

. Reactor power is decreased from 225 MW to

120 MW on a reactor period of -30 seconds.
How long did it take 1o accomplish this power
decrease?

2 seconds
13 seconds
19 seconds
47 seconds

oCOow>»
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REACTOR KINETICS AND NEUTRON SOQOURCES
Questions

Reactor power is increased over a 25-sec-
ond time span on a reactor period of 135
seconds. If the final reactor power is 430
MW, what was the initial reactor power?

A T2MW

B 254 MW
C. 302 MW
D 357TMW

Reactor power is lowered from 563 MW to
320 MW in two minutes. What is the reactor
period during this load decrease?

A. -3 seconds
B. -35 seconds
C. -80 seconds
D. -212 seconds

The term “doubling time" is defined as the
time necessary to double

A. reactivity

B. reactor period

C. reaclor power

D. control rod density

The equation, P=PetT, may be used alone
o calculate the

A amount of reactivity required to increase
power from one specified level to
another

B. relationship between reactor period and
the amount of time required for reactor
power to double

C. amount of energy created by an in-
crease from one specified power level to
another

D. relationship between reactor period and
reactivity

59

60.

61,

239

BWR

The relationship between reactor period and
the amount of time required 1o increase re-
actor power by a factor of two can be de-
rived from which of the following equations?

A T=("/p)+(Pett-0)/ p
B. T=1*/(p-Pet)

C. PaPgeVT

D op= (1°/ T+ Peg/(1+ A7)

During a startup, the reactor is critical at
3000 cps. A control rod is notched out,
resulting in a doubling time of 85 seconds.
Which of the following is the best estimate of
reactor period?

A 9 seconds

B. 58 seconds
C. 123 seconds
D. 170 seconds

During a reactor startup, the reactor is
critical at 3000 counts per second. A control
rod is notched out, resulting in a doubling
time of 85 seconds. How much time is
required for the reactor to reach 888,000
cps?

A. 341 seconds
B. 483 seconds
C. 698 seconds
D. 965 seconds

. The reactor power level is increased from 50

KW 10 370 kW in 2 minutes. Select the
estimate of the doubling time.

A 42 seconds
8. 60 seconds
C. 86 seconds
D. 120 seconds

November 1993



REACTOR KINETICS AND NEUTRON SOQURCES
Questions

63. The doubling time formula is used to
determine

A Xe-135 peaking time after scram from
other than full reactor power

B. radiation shielding when source is a
point source

C  startup rate (SUR) for a given reactor
penod

D. reactor period during a stable period
transient

64 A correct statement regarding reactor period
is that it can be caiculated by multipiying the
time (in seconds) that it takes the power o
double by

A 0.500
B. 0683
C. 1.3%4
D 1443

65. Caiculate the doubling time for a reactor with
a stable 100-second period

A. 550 seconds
B. 60.1 seconds
C. 683 seconds
D. 1.4 minutes

66. Calculate the period for a reactor with a
60-second doubling time.

60.0 seconds
86 6 seconds
1.5 minutes
6.0 minutes

oom»
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BWR

67. A reactor is operating at 50 percent power

with the following conditions

Power defect = 0.03% AK/K
Shutdown margin = 0.05% AK/K
Effective delayed

neutron fraction = 0.007

Effective prompt
neutron fraction = 0993

How much positive reactivity must be added
1o take this reactor “prompt critical"?

A. 0.03% AK/K
B. 0.05% aK/K
C. 0.7% aK/K
D. 0.993% AK/K

. If reactor power changes from 10°5% 1o

10%% in 5 minutes the average reactor

period is:

A. negative B0 seconds

B. positive 80 seconds

C. negative 130 seconds .
D. positive 130 seconds

. Posttive reactivity is continuously added to a

critical reactor. Which one of the following
values of K, will first result in a prompt
critical reactor.

1.0001
1.001
1.01
11

cOom>
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REACTOR KINETICS AND NEUTRON SOURCES
Answers

In addition to the correct answer, a brief
explanation of the answer ( if needed for
clarity), is provided along with a reference
for each question/answer. Reference
numbers are keyed to the list of references in
Appendix B.

1. '@

Subcritical multiplication is the effect caused by
the combination of a neutron source and a
subcritical reactor that produces a steady-state
neutron population greater than the population of
source neutrons alone. This steady-state popu-
lation will be greater when the reactor is closer to
critical

Reference 73, chapter 8, page 66.

2. A

The number of generations required before a
new equiiibrium count rate is reached increases
as Kggt approaches 1. Therefore, it takes longer
to reach a new steady-state power level as K off
approaches 1

Reference 73, chapter 8

3

In a subcritical reactor, the fission process is not
self-sustaining anu would tend to cause the
neutron population to decrease. However,
source neutrons, which are produced
independent of fission, can "make up® for the net
loss of neutrons from fission, resulting in a
constant neutron population. If positive reactivity
is then inserted, the fraction of neutrons lost in
the fission process from one generation to the
next is reduced. This reduction in neutron
“losses” from fission, accompanied by a constant
source neutron input, rasults in an increase in
neutron population in the subcritical reactor

Reference 73, pages 8-83 and 8-4.

4

When positive reactivity is inserted, the net
"loss” of neutrons trom the fission process in
each generation is reduced. Therefore, neutron
population wiil increase until the net number of
neutrons lost per Jeneration from fission equals
the number of source neutrons produced.

The same process occurs with the next reactivity
insertion. However, the fraction of neutrons
“lost® from the fission process is already smalier
than before the first insertion, causing the effect
of the second equai-size insertion 10 be greater.
Thus, neutron population will increase by a
greater amount and therefore take longer (o
reach steady state.

The larger increases in population and longer
time to equilibrium become more pronounced
with each subsequent reactivity insertion,

Reterence 73, pages B-48 through 8-55.

5.

The neutron population in a subcritical reactor
dapends on the source strength and Kgy. An
equilibrium population will be reached in which
the rate of source neutron production equals the
net loss rate of neutrons from fission.

With the same vaiue of Kgg in the two reaclors,
the fraction of neutrons from fission "lost” each
generation is the same. With twice the source
strength, however, Reactor "A" will reach an
equilibrium population that is twice that of
Reactor "B".

Mathematically:
neutron production rate = S/(1-Kgg)

Doubling the source strength “S" results in twice
the neutron production rate.

Reference 32 pages 190 and 191, and reference
73. page 8-48.

2311
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REACTOR KINETICS AND NEUTRON SOURCES

Answers
6. C 14 A
Reference 73, chapter B, page 66. Reference 73.
A 15.C

The number of generations required before a
new equilibrium power level is reached increases
as Kgg approaches 1. Therefore, a longer time
is required for the nuclear instrumentation
indication to stabilize.

Reference 73, chapter 8.

8 A

Reference 73, chapter 8, page 66

9 A

Reference 73, chapter 8, page 13.

10. B

Once a subcritical equilibrium count rate is
established, it will only change in response 1o a
change in reactivity or source strength

Reference 73, chapter 8, page 18.

11. B

Reference 73

12. A

Heference 73

13. B

Reference 73

CR1 (1-Keﬁ1) ks CRZ (1-Ke"2)
1(1-08) =2 (1K

Kett2 = -9

Ky IR K

otf2)

Ap=K2

= 9-8
(9)(8)

= 1389

Reference 07 , chapter 5, page 11

16. D

AK /K = Kgg -1/ Kgpf = -.018
Keff = 9823

CR, (1-Kett1) = CR (1-Kgtr)
1(1-.9823) = 20 (1-Kgpp)

Keattp = 9991
Reference 07, chapter 5, page 14.

17.C

The delayed neutron fraction is a ratio of the
number of neutrons born delayed to the total
number of neutrons born from fission without
considering how many reach thermal energy.

Every fissionable nuclide has a specific value of
its delayed neutron fraction.

Reference 21, chapter 3, page 29.

2312
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REACTOR KINETICS AND NEUTRON SOURCES
Answers

18. B

The average effective delayed neutron fraction is
a ratio of the number of fissions caused by neu-
trons born delayed to the iotal number of fissions
caused by neutrong born from tission.

Reference 21, chapter 3, page 29

19.C

Relerence 21, chapter 3, page 29

20

The delayed neutron fraction (fi) is the fraction of
neutrons born delayed frorm fission of a particular
nuclide. The value of i for each fissicnable
nuclide is a constant

The effective delayed neutron fraction (fgg) is
the fraction of neutron-induced fissions caused
by delayed neutrons for a particular nuclide, It
differs from 1 in that it recognizes the lower birth
energy of delayed neutrons compared to prompt
neutrons. This lower birth energy means
delayed neutrons are less likely to cause fast
fission or to leak out while siowing down
Depending on core size and fuel loading, fi g
might be greater or smaller than . In a typical
large BWR g < B.

The average effective delayed neutron fraction
(P eff) is a weighted average of the f for each
tuel isotope in a given core. Because P oy
considers the effect of delayed neutrons on
fission in the entire core, it is the term of most
use in discussing and predicting reactor
response to reactivity changes.

Reference 73, pages 7-28 through 7-38.

21

The delayed neutron fraction, f3, is a constant for
any specific fissionable nuclide. 1t is the fraction
of neutrons from fission of that nuclide that are
born delayed.

The effective delayed neutron fraction, figg,
represents the relative contribution of delayed
neut one in producing fission. Because delayed
neutron birth energies are less than those of
prompt neutrons, delayed neutrons are less
likely to cause tast fissions (tending to make fog
< f§) but more likely to remain in the core while
slowing down (tending to make figg > f).

Reference 73, pages 7-28 through 7-38.

22.C

The two ratios retlect the same relationship of
parameters but the effective fraction considers
the difference in the probability of causing fission
due to the delayed neutron's lower birth energy.

Reference 21, chapter 3, page 29

23.D

Reference 21, chapter 3, page 29.

24 B

Reference 21

25. B

HReactor period is defined as the time required for
reactor power to change by a factor of “e."

Reference 75, chapter 1, page 3.15.

26. A

Reterence 75, chapter 1, page 3.15.

2.3-13
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REACTOR KINET!ICS AND NEUTRON SOURCES
Answers

27. C

Period is defined as the time in seconds required
for reactor power to change by a factor of "e.”

Refarence 75, chapter 1, page 3.15.

28 D

Heference 01, page 84.

29 B

Reference 01, page 84.

30. C

Reference 01, page 84

31. A

Reference 01, page 84

32 A

The buildup of Pu-239 over core lite and the de-
pletion of U-235 will cause the increased re-
sponse rate of the reactor 1o a given reactivity
addition. Pu-239 has a smaller ! than U-235

Reference 21, chapter 3, page 30

33. B

The absence of delayed neutrons would mean a
critical reactor is critical strictly on prompt neu-
trons (prompt critical). This an uncontroliable
state due to the absence of delayed neutrons
and the resulting short neutron generation time.

Relerence 21, chapter 3, page 38.

34 D

Reference 31, chapter 3, page 33.

35

As long as a reactor is maintained prompt
subcritical, the fission process is dependent on
the appearance of delayed neutrons for neutron
flux (and therefore reactor power) to increase.
As a result, the delayed neutrons, though only a
small fraction of ali neutrons, have a large impact
on the rate at which power changes. The
average generation time for delayed neutrons is
much larger than for prompt neutrons, thus
making power changes happen much more
slowly. Without this effect of delayed neutrons,
reactor response would be too fast to control.

Reference 73, pages 7-29 and 7-30.

3.0

Reference 73

37. C

C is correct because the amount of reactivity re-
quired for prompt criticality depends on the de-
layed neutron fraction, which vanes over core
ife.

Distractors:

Flux rises in an unpredictable and difficult to con-
trol manner. Critical condition is achieved on
prompt neutrons alone. Reactivity is equal 10 or
greater than the fraction of delayed neutrons.

Reference 21, chapter 3.

2314
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38,

When a step insertion of positive reactivity is
made in a critical reactor, all neutrons suddenly
have a higher probability of causing fission. With
their very short neutron generation time, prompt
neutrons respond rapidly, causing a rapid
increase in neutron population (the "prompt
jump"). However, as long as the reactor is kept
prompt subcritical, this rapid increase in neutron
popuiation cannot be maintained  Therefore,
after the initial "jump" in neutron popuiation
caused by the effect of prompt neutrons, the
startup rate stabilizes at a lower value
determined by the slower rate of appearance of
delayed neutrons

Reference 73, pages 7-62 through 7-66.

39.

When a step insertion of negative reactivity is
made in a critical reactor, all neLtrons suddenly
have a lower probability of causing fission. With
their very short generation time, prompt neutrons
respond rapidly, causing a rapid decrease in
neutron population (the “prompt drop”).
However, delayed neutrons from precursors
formed earlier (and therefore at a higher
production rate due to the higher power level) will
continue to appear. After the “prompt drop® in
neutron population caused by the effect of
prompt neutrons, the startup rate stabilizes at a
less negative value controlled by the rate of
appearance of delayed neutrons from the
longest-lived precursors

Reference 73, page 7-68.

40

A "prompt critical” reactor has a fission chain
reaction that would be self-sustaining if there
were no delayed neutrons. In fact, #t is a highly
supercritical reactor in which the effect of
delayed neutrons in slowing the rate of power
changes is largely lost and power is increasing
very rapidly

Reference 73, pages 248 and 249

41 C

Prompt criticality is defined as the condition
where p = fi gy

Reference 21, chapter 3.

42 B

Prompt criticality is defined as the condition
where p = [ o

432 B

Prompt criticaltty is defined as the condition
where p = fi o

4. D

In the instant just after a control rod begins to
move, there is a small but rapid increase in the
prompt neutron popuiation calied a prompt jump.
Reterence 22, page 32.
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45 D

Over core life, Pu-239 (with a reiatively small
delayed neutron fraction) builds up, and U-235
depletes. This causes the average effective
delayed neutron fraction to decrease, with a
consequent decrease in the reactivity needed for

prompt criticalry.

Reference 21, chapter 3, page 38.

46. A
= (120 watts) ¢~ 120/80

= 27 watls

Reference 21, chapter 3.

47. C
P= PQeVT
/Pg = eVT
109 = V50
1 = 345 seconds

= 5.8 minutes

Reference 21, chapter 3,

48 D

P= P(,eVT

30 = 50720/T

T = 402 seconds

= 6.7 minutes

Reference 21, chapter 3.

BWR

49 C

P= PceVT

10,000 = 100 ¢¥120
t = 553 seconds

= 9.21 minutes

Reference 21, chapter 3

50. C
= (37%)eB00/300
= 100.58%

Reference 21, chapter 3

51. B<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>