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Summary:
Examination on April 26, 1988.

One candidate was administered a written re-examination of cateacry A; which he
passed.

Based on the results described above, one of one RO passed.
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REPORT DETAILS

i Facility Employees Contacted:

*G. D. Miller, Assiciate Director
*S. M. Grady, Chief Reactor Operator
*T, C., Bray, Reactor Operations Manager
*Attended Exit Meeting

2. Examiner:
*M. E. Ernstes

*Chief Examiner

3. Examination Review Meeting

At the conclusion of the written examination, the examiner provided
S. M. Grady, with a copy of the written examination and answer key for
review. There were no facility comments.

4. Exit Meeting

At the conclusio. of the ¢ite visit the examiner met with representatives
of the plant staff to discuss the results of the examination.

The cooperation given to the examiner was noted and appreciated.

The licensee did not identify as proprietary any of the material provided
to or reviewed by the examiner.



U. 5. NUCLEAR REGULATORY COMMISSION
REACTOR OPERATOR LICENSE EXAMINATION

FACILITY: NORTH_CAROLINA STATE UNIV.

———————————— - ———————— -

REACTOR TYPE: TIES8Y

DATE ADMINISTERED: _88/04/26

EXAMINER: ERNSTES M

- ———————— - — -

CANDIDATE:

—————————— - - - -

INSTRUCTIONS TO_CANDIDATE:

Use separate paper for the answers. Write answers on one side only.
Staple gquestion sheet on top of the answer sheets, Points for each
Question are indicated in parentheses after the questicn. The passing
grade requires at least 70% in this category. Examination papers will
be picked up ore (1) hour after the examination starts.

% OF
CATEGORY % OF CANDIDATE’S CATEGORY
--YALVE_  _TOTAL ___SCORE___ _VALUE__ ______________ CATEGORY _ _ _ _ _ _______
20,00 __ 100.00 ___________  ________ A. PRINCIPLES OF RCACTOR OPERATION
20,00 % Totals

Final Grade

All work done on this examination is my own,. I have neither given
nor received aid.

Candidate’s Signature




5 : NRC RULES AND GUIDELINES FOR LICENSE EXAMINATIONS

During the administration of this axamination the tollowing rules apply:

1.

2s

Cheating aon the sxamination means an automatic denizl of your .pplication
and could result 1n more severe penalties.

Restroom trips are to be limited and onl, one candidate at & tig? may
leave., You must avoid all contacts with anvone ocutside the examination
room to avolid even the appearance or rossibility of cheating.

Use black ink or dark pencil only to facilitate legible reproductions.

Frint your name in the blank provided on the cover sheet of the
examinatian.

Fill in the date on the cover sheet of the examination (1¥ necessary).
Use only the paper provided for answers,

Frint your name in the upper right-hand corner of the first page of each
section of the answer sheet.

Consecutively number esach answer sheet, write "End of Category __" as
appropriate, start each category on a new page, write only on ong side
of the paper, and write "Last Fage" on the last answer sheet.

Number each answer as to category and number, for example, 1.4, &.7.
Skip at least three lines betwesen each answer.

Separate answer sheets from pad and place finished answer sheets face
dowry on vour desk o table.

Use abbreviations only if they are commonly used in facility literature.

The point value for each gquestion 1s indicated in parentheses after the
question and can be used a8 a guide for the depth Of answer required.

Show all calculations, methods, or assumptions wused to obtain an answer
to mathematical problems whether i1ndicated in the question or not.

Fartial credit may be given. Thersfore, ANSWER ALL FARTS OF THE
QUESTION AND DO NOT LEAVE ANY ANSWER BLANK.

if parts of the examination are not clear as to intent., ask guestions of

- =

You must sicn the statement on the cover sheet that 1ndicates that the
wOrk 18 your own antg you have not received or been Qiven assistance in
completing the examination, This must be done after the ecxamination has
been completed.
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AL !PRINCIELES OF REACTOR_OFSRATION

QUESTION A,.Q1 (1.0
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L
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Whi:h one of the following statements concerring control rod worth
is NOT TRUE?

2, Control rod worths change during the lifetime of the rod.

b. Control rods ar2 worth more at the center of the reactor because
the neutron $lux is relatively low at the edges of a reactor,

¢, A control rod’s worth at any point i1s approximately proportional
to the sguare of the thermal neutron flux at that point.

d. A contrcl rod’'s worth is lower at higher moderator temperatures.

(kxxxx CATEGORY A CONTINUED DN NEXT FAGE rexy)
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QUESTION A,82 (1.2a)

Which one of the following statements is NOT TRUE concerning an "apparent"
startup rate observed while pulling rods during a reactor startup?

- a. It is caused by changing the effective multiplication factor from

B

subcritical multiplication level to another.

b. K-aff = 1|

c. It will eventually decrease to zero after rod pull is stopped.

d. The neutron ponulation is actually increasing.

(8%t CATEGORY A CUNTINUED ON NEXT PAGE fExIl)
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P QUESTION A. @3 (1.00)

During & reactor startup you have just verified a constant positive startup
rate on SR Nuclear Instruments after rod motion has stopped and no further
reactivity 1s inserted. The actual condition of the core with this
indication 1st

a., Promp* Critical
b. Craitical

c. Supercitical

d., SBubcritical

(ex¥kx CATEGORY A CONTINUED ON NEXT PAGE *%%3%)
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QUESTION

Movement of the rods has the areatest effect on which one of the followina

factors™
a.
b.
Ce

d.

A.@4 (1.0&)

Reproduct 'on Factor
Fast Fission Factor
Thermal Utilization Factor

Rescrnante Escape Factor

(sxxxx CATEGODRY A CONTINUED ON NEXT

FAGE %3%%R)
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FRINCIFLES OF REACTOR OPERATLION

QUESTION A,05 (1.0a;

which one of the following terms is defined as "the aﬁnrgv equivalent of
the mass defect"”

&

b=

Excitation energy

- Binding energy

Fissian eneragy

Critical eneray

(Aad2d CATEGORY A CONTINUED ON NEXT PAGE sx¥XX)
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QUESTION A.06 (1,82

Which cne of the followina statements concerning radioactive decay is
correct™

& When an element decays by beta emission, the rnew element will
have increased in atomic number by one and the mass number will
remain the same as the original element,

B, When an element decays by alpra emission, the riew element will
have decreased in atomic number and mass number by two, from the
original =lement.

[ " When an element decays by neutron emission, the new element will
have increased in atomic number by one and decreased in mass
number by one, from the oricinal element.

- | When an elemant decays by gamma emission, the new element will
have increased in atomic number by one and the mass number will
remain the same &8 the original.

(Esex% CATEGORY A CONTINUED ON NEXT PAGE 1kxXk)
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QUESTION .07 (1.Q@)

Which one of the following is the CORRECT reason for operation with
thermal instead cf fast neutrans™

Increased neutron efficiency since thermal neutrons are less

e
likely to leak out of the core -han fast neutrons.

b. Reactors cperating primarily on fast neutrons are inherently
unstable and have a higher risk of going prompt critical.

(-4 The +ission crpses section of the fuel is much higher for thermal
neutrans than fast neutrons.

L« Doppler and moderator temperature coefficients become positive

as negytron energy 1ncreases.

(kaRx¥ CATEGORY A CONTINUED ON NEXT PAGE sXaxX)
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QUESTION A.28 (1.028)

Figure 1,18 is a representation of how the reschance peaks of U-238
“flatten out” or Doppler broaden as fuel temperature 1ncreases. Which one
- of the following lists the correct labels for the X and Y axes?

a. X is neutron flux, Y is interaction rate i
b X is neutron energy., Y is microscopic capture cross section

s X is interaction rate, Y is neutron density

o X 1s atom density of U-2%8, Y is neutron flux

(22x2% CATEGORY A CONTINUED ON NeEXT PAGE »¥%xx;
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QUESTION A, 1@ (1.50;

indicate whether the following conditions will cause the Fuel Temperature
Coefficient (pcm/deg F) to become MORE negative, LESS negative or have
NO EFFECT. (Assume ali other parameters are constant, consider each

separately.)?

The relative ratio of Pu-2490 to U-238 increases

=

b, Moderator temnerature decrpases (fuel tempersture remains constant)

c. Fuel temperature increasss

(RE%dx CATEGORY A CONTINUED ON NEXT PALE sstey)
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QUESTION A1l (2.0a)

STATE How (INCREASE, DECREASE, or REMAIN THE SAME) an increase in
poderator temperature will affect EACH of the following parameters,

: a. Resonance Escape Probability 1
. Thermal Utilization Factor
¢. Fast Non-Leakage Frobability

d. Fast Fission Factor

(exeek CATEBORY A CONTINUED ON WNEXT PAGE ®5ix8)
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A. - PRINCIPLES OF REACTOR OPERATION
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QUESTION A.d12 (1.8@)

JAnswar as JRUE or FALSE each of the folluwirg concerning Xenon.
1. The half-life of Xenon-135 is about 29 hrs.

2. Eguilibrium xenon is dependent on power level.

%, Pealk xenon 13 independent of powsr level.

(Reg%y CATEGORY A& CONTINUED ON NEXT FAGE *rxxi)
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. 3. PRINCIFLES OF REACTOR OPERATION FAGE 14
GUESTION A.13 (2.08)

For each of the following definitions, STATE the term that is det+ined,

a.

The eéifective fraction of all neutrons that cause fission that were
born delaved.

The inverse of the time reguired to change power by a factor of 10.

A material that scatters neutrons back into the core reducing nautron
leakage.

A plot showing the relationship of the change 10 reactivity per unit
e@ngth for a2 control rod at any positian in the reactor.

(EREAE CATEGORY A CONTINUED ON NEXT FAGE K»kEX)
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A, PRINCIPLES QF REACTOR DPERATION FAGE 15
QUESTION A. 14 (1.0@)

14 the reactor is operatino in the power range, CALCULATE how long it will
take to raise power from 20% to 4B% ful) power with a +Q.95 DFM startup

rate. Show yvour work.

(RER4Y CATEGORY A CONTINUED ON NEXT FAGE skxsi)
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ANSWERS® —— NORTH CAROLINA STATE UNIV.-88/04/26 ERNSTES M

ANSWER A.91 (1.0@)
(a?

REFERENCE
DPC, Fundamentals of Nuclear Reactor Engineering,

ANSUWER a.02 t1.e@)
b

REFERENCE
DPC, Fundamentals of Nuclear Reactor Engineerina,

ANSWER AR (1,088
(cy

REFERENCE
DFC, Fundamentalz of Nuclesar Reactor Engineering,

Nuclear Ensray Training, Reactor Uperations, NUS Corp.

paragraph 12.4

2.8/3%.1 A1 BORKESS ons KATED
ANSWER A, Qe t1.08)

(ch

REFERENCE

PFC.: Fundamentals of Nuclear Reactor Enginesring,

ANSKWER &, A5 1.0}

(G

REFERENCE
DPC; Fundamentale of Nuciear Reactor Englneering,

FAGE 17

p. 135-142

p. 120

Ps 7o

B. 17
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ANSWERS *~~ NORTH CAROLINA STATE UNIV.-88/04/26-ERNESTES M

ANSWER A. @6 (1,00)
tal
REFERENCE

NETRU. Bn 71 “u 7 3g 7"0
DPL, Fundamentals of Nuclear Reactor Engineerina, p. 159

ANSWER A-B7 (1.0
tg)

REFERENCE
DFC., Fundamentals of Nuclear Reactor Engineering, p. o 4

ANSWEFR A, 08 (1.908)
4-3
REFERENCE

CR, Doppler Coefficient, M.B, Woram, p 7.
DPC, Fundamentals of Nuclear Neactor Engineering, po. 147

ANSWER AL QT (1.00)

&, larger

b: longer

REFERENCE

OPC, Fundamentals of Nuclear Reactor Engineering, p.1i17?
ANEBWER ALLD (1.5

a. more negative (B.5 EACH)

B. less negative
c. loss negative

REFERENCE
WBQ Yol 30 unit 9.1 ;
PPL, Fundamentals of Nuclear Reactor Engineering, on. 1446~54%
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- ANSWEFR Al L0

= DECREASE (@. 9 vach)
b. IHCREASE
t+ DFECREASE
d. INCREASE

REFERENCE

DPL. Fundamentals o+ Nuciear Reactor Engineering, pp. &1 « 72
Westinghouse Niclear Training Uperations, pp. I-2.31 - 36

ANSWER L : »
1. FALSE
2. TRUE
3. FALRE

REFERENCE
DPC, Fundamentals o! hNuclear Reactor Engineering. pp. 191 - 1461

ANSBWER f.13 (2.0

& B-gt+ (Beta effective!
b. start up rate

Cs reflector
d. ditferential rod worth curve
REFERENCE

I N

o TP

Pk

DPC., Fundamentals of Nuclear Reactor Engineering, pp. 386,93,134,137

ANBWER fie LA (1.0&)

24 sec. (+/- lsec)

REFERENCE
DPC. Fundamentals of Nuclear Reactor Engineering, p.%4
S 872,95 192007+ 101 2 s (KAS)

-

"







TEET CROSS REFERENCE

GUESTJON | VALUE REFERENCE

A0 1.08 MEEQ@D1 535
A. B2 1.0@ MEEQVOA1538
A.03 1,00 MEEQRQQ1 230
M, 04 1,08 MEE@ARL 33&6
A 05 1.00 MEE@Q@ L 337
A, 0F l.Q@Q MEE@CO1339
A.87 1.0 MEEQO 1341
A. b8 1, 0@ MECOORA1343
A, 09 1.0 MEEQR@A1 329
R, 10 g MEEQQAB 1348
A. 11 - e MEEQEA1 342
H.12 1.50 MEEQAA]1334
A 13 <« Q0 MEEQQ@ 1335
R. 14 .88 MEE@Q@L 53]
A 1S L. 00 MEEQRAL1 232
Q.0
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