U. S. NUCLEAR REGULATORY COMMISSION REGION I
OPERATOR LICENSING EXAMINATION REPORT

EXAMINATION REPORT NO. 84-02

FACILITY DOCKET NO. 50-223

FACILITY LICENSE NO. R-125

LICENSEE: University of Lowell
1 University Avenue
Lowell, Massachusetts 01854

FACILITY: University of Lowell

DATE: May 7, 1984

CHIEF EXAMINER:

$s/30/8Y

Date /

Robert M. Keller q"/t’

Chief, Project Section 1D Date

taker
r Engineer

x|

APPROVED BY:

SUMMARY: One candidate was administered Section H of an SRO examination. All
sections of SRO exam were waived except Section H - Reactor The.ry. Candidate
passed the examination.




TYPE OF EXAMS:
EXAM RESULTS:

REPORT DETAILS

Replacement Requalification

|Written Exam

|Oral Exam

Simulator Exam

l
|
I
I
|
|

CHIEF EXAMINER AT SITE:

PERSON EXAMINED

SRO (Section H)
Neault, Robert M,

Fuel Handler
Pass/Fail

Inst. Cert

Pass/Fail Pass/Fail Pass/Fail

|

L. Whitaker



Summary of generic strengths or deficiencies noted on oral exams:

None

Summary of generic strengths or deficiencies noted from grading of written
exams:

None

Comments on availability and candidate familiarization with plant
reference matarial:

None

Comments on availability and candidate familiarization with plant design,
procedure, T. S. changes and LERs:

None

Comments on interface effectiveness with plant training staff and piant
operations staff during exam period.

None

Improvements noted in training programs as a resvit of prior operator
licensing examinations/suggestions, etc:

None

Personnel Present at Exit Meeting:
NRC Personnel

L. Whitaker, NRC Examiner

NRC Contractor Personnel

None

Facility Personnel

T. Wallacz, Reactor Supervisor



8. Summary of NRC Comments made at exit interview:

Proposed security changes were briefly discussed. Mr. Whitaker directed
Mr. Wallace to describe the changes in a letter to Region I.

9. Summary of facility comments and commitments made at exit interview:

None

10. CHANGES MADE TO WRITTEN EXAM

Question No. Change Reason
H-3 Answer changed Made to correspond

to question numbers.

Attachment:

Written Examination and Answer Key (SRO Section H)
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% OF
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25 25 H. REACTOR THEORY
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. 21 J. SPECIFIC OPERATING
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17 17 L. ADMINISTRATIVE
PROCEDURES, CONDITIONS
AND LIMITATIONS
100 100.0 TOTALS:
FINAL GRADE %
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H.  REACTOR THEORY (25 pts)

H.1. Define or Explain: (5 pts) (.5 each) =«

H.2.
H.3.

H.4.

H.5.

H.6.

oo = O w0 QAN TN

Effective Multiplication Factor
Precursor

Flux

Subcritical Multiplication
Doppler Broadening

Binding Energy

Beta

Beta Effective

Macroscopic Cross Section
Reactivity

Write the expression for Keff, describe each term. (4 pts) (1 each)

The reactor is rising on a stable period of 35 sec. What is the

Keff?

Show all work and assumptions. (2 pts - formula)
(2 pts = answer)

Explain the significance of delayed neutrons as they relate to oper:tion
of the Lowell University Reactor. (3 pts)

Concerning neutron lifetime:

a.
b.

Show

cTan oUow

define this term (2 pts)

what effect do the materials inside the reactor have on neutron
lifetime? (2 pts)

by sketch approximate Xenon values as the following occur:
(5 pts) (1 each)

power rise to equilibrium (0 power history)
shutdown for 18 hours

return to equilibrium power

decreased power level to 50%

scram



ANSWERS
LOWELL UNIVERSITY SRO EXAM

May 8, 1984

L. Whitaker, Examiner

H.  REACTOR THEORY
H.1. Define or explain.

a. Effective multiplication factor
The effective multiplication factor includes the leakage
ot both Tast and thermal neucrons.
K # fission neutrons in one generation
eff
# fission _neutrons in previoys generation -noprF'
f/:01.n, ”/af 5 ‘
7 oS “sax
b. Precursor ¥
A fission fragment which emits a delayed neutron
c.  Flux .5
”m
o=nv=0/cm?s
The number of neutrons tha* pass through a square cm of 5
area per second
d. Fluence N |

t=nst=gtdl/ cm?

The total number of neutrons which have passed through a N
given area over a pericd of time

e. Subcritical mulitiplication

The number of neutrons from source and fiel divided by the
number of source without fuel (K < 1)

f. Doppler broadening 5
Broadenirg of.u-ZJO reasonatle peaks due to oscillation

of U238 atoms in fue! lattice. More neutrons are captured
in resunance as they appear as resonance energies for a

1 r time (since resonances are broader
afe OFFICIAL RECORD CupY ::,lil&lsblllll = 0001.0.0



Answers/Lowel)l University SRO Exam 2

REACTOR THEORY (cont)
g. Binding energey 8
The energy that binds a particle to the nucleus, or the
energy required to form a nucleus from fts individua)
constituents. Also the energy equivalent of the mass
defect,
h. Beta N
Fraction of all neutrons which were born delayed
1. Beta effective N
The effective fractior of therma) neutrons. The fraction
of neutrons reaching thermal energy born as delayea neutrons
J.  Macroscopic cross section .9
The probab''‘ty of an interact . on per unit depth in a
material
k. Reactivity N ]
A measure of how far away from a prompt critical condition
4 reactor core fs
H.2. Write the expression for K ... Define each term (4 pts)
(1 eacn)
n=reproducticn factor
nef0f _neutrons produced by fisston from thermal neutrons
# of thermal neutrons absoroed o the fue)
e~fast fission factor 7 esd
J.m.w._umz_n_mu_u_m_wm
of neutrons produced by thermal f!uuuowa
presonance escape probability (p)
ps £.0f neutrons that escays_ resonance capture while slowing down

Net # of neutrons produced by all fissfons (total fast neutrons=leakage)

»

OFFICIAL RECORD COPY  2BANSWERSS/</84 = 0002.0.0



Answers/Lowel)l University SRO Exam 3

H.3.

H.4,

The reactor power is rising on a stable period of 35 sec.
What is the K." of the reactor? State any assumptions.

§z pts-formula)
2 pts-answer)

T=35 sec + P19 = 00133
(From in-hour curve)

pe K21

.
Pk = k=]
Ph=k = k=1
k(P=1) = =1

A = .l IA—l = 1 ---1
P=] 1eb 1-.00133 0.99867 = 1.0013 = Keff

Explatn the significance of delayed neutrons as they relate (3 pts)
to the oparations of the Lowell University reactor.

Delayed neutrons are necessary since they allow control of the
reactor by adjustment of control rods. This {s done by keeping
the reactor critical roquiring.thc full delayed fraction of
neutrons. This then allows the time necessary to make physical
changes by adjusting control rods thereby con.rolling the
reactor.

IIL.f‘ What 1s meant by neutron lifetime? (2 pts)

The time from when a neutron s born from a fissioning atom
until 1t 1s absorbed.

b. What effect do the materfals used in a reactor have (2 pts)
on neutron lifetime?

The higher the content of materials 1n a core that will

absorb fast or above thermal neutrons the shorter the
“average" 1ifetime of the neutrons

OFFICIAL PECORD COPY 2BANSWERS5/2/84 - 0003.0.0



Answers/Lowell University SRO Exam 4

H.6. Show (by simple sketch) a xenon buildup curve as the reactor

undergoes the following:

a. Rise to equilibrium (1)
b. Shutdown for 18 hours (1)
¢. Brought to power and equilibrium (1)
d. Power decreased and leveled off (1)
e. Reactor scrammed. (1)
1. Reactor brought up to power
2-3. Xenon concentration at equilibrium
4. Peak value for xenon
5. Reactor started up again
6-~7. Xenon concentration at equilibrium
7. Reactor power reduced
8. Xenon concentration at equilibrium
e
CONCENTRATION
|
|
|
|
I
|
|
|
:
1 « A~ 1«B~+ 1 g G 1«D-~ le
FIGURE

XENON POISONING
DURING A PERIOD OF CPERATION,
SHI'TDOWN TIME, AND SECOND
PERIOD OF OPERATION
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