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SUMMARY: A written examination (Section H only) was administered to one

Sanfor Reactor Operator (SRO) candidate, The candidate passed the
examination.
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TYPE OF EXAMINATION: SRO Retake Of Section H Administered At The Region I,
NRC Office

EXAMINATION RESULTS: The candidate passed the examination
1. Chief Examiner: David Wallace
2., During a telephone discussion on September 13, 1988, facility staff

communicated their comments regarding the examination to the Chief
Examiner,

Attachments:
1. NWritten Examination and Answer Key
2. Facility Comments of written examination and NRC Resolution
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Us S. NUCLEAR REGULATORY COMMISSION
SENIOR REACTOR UPERATOR LICENSE EXAMINATICN

FACILITY: PENNSYLVANIN STATE UNIV,
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REACTCOR TVYPE: TRIGA 11

DATE ADMINSTERED: ©8/08B/Iv
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EXAMINERS ROESENER, 5.
CANDIDATE
INSTRUCTIONS TO CANDIDATE:
Jee separate ¢ tor the answers, Write answers on one sice only.
Staple guestion t on top Oof the answer sheets, Points for each
questicn are 1 *d in parentheses after the guestion, re passing
grade requires . ‘¢ 70% in each category., Examimnation papers will
De picked up si» “s after the examination starts,
% OF
CATEGORY % OF CANDIDATE'S CATEGORY
VALLUE TCTAL SCORE VALUE CATEGORY
a0, 00 100,90 M, REACTOR THEQORY
20,00 % Totals

- - -

Final Grade

All work gone on this examination is my own, I nave ne:ither given
ner recelved alag,

- -

Cangdicate’'s Signature



NRC RULES AND GUIDELINES FOR LICENSE EXAMINATIONS

ing the agministration of this examination the following rules asplye

Cheating on the examination means an automatic Jsnial o+ your application
and could result in more severe penailties.

Restroom trips are tc be limited and only one cangdidate at a time may
leavse, YOu Must avoid all cantacts with anyone Cutsi10@ the ecaminaticn
rocm to avoid even the apgpearance cor peossibility of cheating.

Use black 1nk por dark pencil cnly to facilitate legitble reprocuctions.

Print your name in the blank provided on the cover sheet cf the
examination,

Till in the date on the cover sheet oOf the examinasicen (1 ¢ meczessaryvi.
Jse only the paper proavided +or answers,

Print your name in the upper right-nang corner ot the first page of each
section of the answer sheet.

consecutively number gach answer sneet, write "Enc of Categor. __  as
Appropriate, start each cateqory on a4 new pDage, write oniy on one side
of the paper, and write "Last Fage" on the last antwer snect.

Number each answer as to cateqQory and number, for @xamp.e, ..4%, &.3.

Skip at least three lines between each answer.,

Separate answer sheets from pad and place ¢ini1sSheC answer sneeLs face
down On your desk o tadble.

Use abbreviations only 1 they are commonly used i1n facility literature.

The point value for each Question is indicateg im parertheses asier tne
QUESTICN ang can De used as a4 Quliae for the cepth O+ answer requiread.

Show all calculations, methods, OF ASSUMPLioNS USed tO CDtal™ am answer
te mathematical problems whnether ingicateg in the guestion or =mot.

Fartia. crecit may be given, Theretore, ANSWER ALL PARTE OF "me
QUESTION AND DO NOT LEAVE ANY ANSWER BLANK,

it parts of the examination are nct clear as to intent, ask cuections of
the sxaminer only.

YOuU mUst sSign the statement on the cover sheet that indicates that the
WOrk 18 your oOwn and you have Not received or been given assistance in
completing the examination, This must be dJone arter the examination has
been completed.



18, When you complete your examination, you shalls
4. APAssemble ur examination as follows:
(1} Exaan gquestions on top.
(2) Exam aids - figures, tables, etc.
(3) Answer pages including figuwes which are part of the answer.

s Turn in your copy of the examination and all pages useg tc answer
the examination questions.

€ Turn in all scrap paper and the balance of the paper that you did
not use +for answering the questions.

Leave the examination area, as defirned Dy the examiner. ¥ atter
leaving, you are founad in this area while the examination is still
i progress, your license may be denied or revokeo.

[
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M, REACTOR THEORY Fage
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QUESTION ., 0% (2.00)
How would the following conaitions change the critical rod position
ror a reactor startup (HIGHER, LOWER or NO CHANGE)? Consiger aach
separately,
4. A new transient rod 1s installed to replace the old one.
. The bulk pool tempersture is 1ncreased 30 F,

e Two useo ‘uel assembl.ies are roplaced with "ew assendl i es,

d., An adoiticnal horon~lii. 0 neutromn detector is installed near the
core.

SUESTION -, 08 (1,00)
TRUE or FALSE?

4. As keff approaches unity, a larger change i1n neutren population
results from a given change i1n ~efé,

- s kefé approaches unity, a shorter period O time s reguiren to
reach the equilidrium neutran population +0r a given chamge 1n weéé,

QUESTICN =, 07 (1.90)
Assume the +ollowing about the pcol water heat exchanger:

The seconcary side has experienced a significant bullo-up o+
corrosi1on products over months of operaticn.

The primary side has remained clean,

"he primary and secondary flows mave remained constanrt,

The secondary inlet temperature mas remaires constant,

State Now the foliowing parameters will hNave * aNgeC as the seconcary
S17@ COrrosion product tulld-~up i1ncreased (INCREASE, DFECREASE, or
REMAIN THE SaME) , iGNCORE all neat .csses to ampient,

a. The temperature cifference between inlet ana outlet or t e secondary
side,

- The gi1féerential pressure® across the secongary sige.

(eessr CATEGORY w CONTINUED CON NEXT PAGE stasn)
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CUESTION

Expi
the

QUESTION

Why

H.OO (;.\:‘02

4\n why the satety red 18 worth appreximnately $..30 more than
shim reg.

M, 09 (1.00)

is Beta-efsective greater than Beta +or the PSER"  mcluge 1n Lour

Anawer the physical reason AND the term a+4@cteg 11 %t e efsaztive

mult

JJESTION

whil
“@ac

id.lcatieon factor,

e 10 ‘2-50)

® CPperating at low POwWer, an experiment 18 1NSerted which Ciuses tha

tor power to increase. The following sata are recorageat
TIME POWER POOL TEMPERATURE

30 seconcs 100 Watts 24 C

40U seconds 630 watts 24 €

What is the worth of the experiment in gollars? Assume Lambza = L.
Show all work, {3 e 0Q3

Using the value calculatesd in part &, if the reactor cperator *axns
ACticons to maintain the correct neutron scaling, sSucs thar mg scram
RECJUrs, but coes "ot change rod position, at what average fuel
temperature will the reactor stacilize” Assume a v.aue =+

=14 E ~04 Deltax/K/C +or the temperature coesficient “mo. 8.4
wOr Kk, 0B
Un the attached fuel cross-section crawing (Tigure B-i), s«@tcn tne
rtemperature distributicon before and atter the agdcistinr o+ =@
experiment,

.
Lol

(42888 CATEQGORY ™ CONTINUED ON NELT PABE tsuns)
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GUESTION M.l (1.90)

Given the following parameters:
Reactor power | Mw.
Heat exchanger ¢low 400 ¢am.
Pool temperature 24 C, »
Heat exchanger to pool return temperature of 8.9 O,
Tank constant of L78.7 kw/C/hre,
Conversicn censtant of 8 lom/gal.

Calcuiate the temperature increase in the poel 1M the "ext "ou~*, atate
all assumptions., Show all work,

GUESTION a2 (2.0
Assuming the following conditionst
A xencn free Startup 1S 1IN progress,
Trere has teen NO rod motion for 10 minutes.
The power is approximately 10 watts.,
Complete the foliowing tadle noting the Dehavidor you wowla

expect to observe on the startup meters (INCREASE, DECREASE, or NI |
CHANGE ) . |

I Slightly i Slightly i
I Bubcritical | Supercritical !
[eemroncnwnnaw jrewmsvcevovenns 1
{ i 1
Periog meter, 1 i :
ommcevnsscssn]mecvenvennsnna -1
1 H 1
Lount rate meter, i i i |
jeevecscsncncca {eeomncnnnccran -1

(axsss END OF CATEGORY ™ saxsn)
(s END OF EXAMINATION sssssasne)



EQUATION SHEET

f » na ve g/t

ve ..1 AR AR Nat
E=uC” - 8® (vy = v, /e
nohz YVgov.*n
PE = agh w8/
LAY

AE = 9)1ia

§e ic’tt

§ « maar

Nrev,d

P, 1o¥TR(2)

3 ’, .e/?

SUR = 26.06/7

Tel.dD?

e (342)

s ) » -
Te (1 /0) [(I-O)IX."a]

2

tet* 0D

te(F-p) \ote®

" (Rape™t)/Kogy = &K 4o/% gg
.

P e 2ov/(3 = 10')

L= No

WATER PARAMETERS

| gal, = 8,345 1bm

I gal. = 3.78 liters
l !:’ 7,48 gal.
Density = 62.4 lba/fl¢
Dansicy = L llf@i]
Heat of vajorizatiou = 970 feu/ldm
Heat of fusica = 144 Beu/lia

L Atm = 14,7 pat = 29.9 in. 1.

L fe. H,0 @ 0.4323 188/ 4nd

3

Net Work ( -
Cyrele efficiency = H—m‘,n (3n) -

AN Aw A.."'

Aeln ZIcH - o.ooalth
(Fh - :‘)
-Ix
loe t.o

I = !.o'"‘
2 o !. ‘Q-nITVL

WL e L3y
HVL & 0.693/u

SCR = §/(1 ~ l.
Cl. - $/(1 - l.

et

tex)

R (= Ropgdy = Ryl <R 00y .
M e 1/ - R ,,) =GR /CR,

SO = (] - l.")/l.“

t* o 1 x 10" seconds

1

Ketg))

l.“59 0.1 seconds
‘x‘x . ‘2‘2

2 2

R/hr = (0.5 C2)/d*(2aters)
R/hr = 6 CE/d%(fane)

| Curta ® 3.7 x 1o‘§4p-

| kg = 2,21 1ba

L hp = 2.54 « 107 sru/ne
I W = 3,40 x 10°% Beu/hr
1 Bty = 778 fe-1bt

| inech » 2,54 cn

re 95+ 02

.89 °r -3
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ANSWER ", 01 (2.00)

a. DECREASE
&, CECREASE
e, DPECREASE
¢. DECREASE
REFERENCE

PSBR Training ™Manual, Sections 2.23.7 eno 9.7,

HNEWER .02 (2,00
Total roQ@ woersns as follows with 81,00 equal to .07 Deltar ke
(32,46 + 9,54 » .52 1 007 DOI!QKIKIQ!.OO s 029 +/= QU! Deitars

(0,38 for proper value of deta eféective, 0,29 for a4 tota. ~oo wortr
83,852 +/= 8,08, ano ,02% éor correct equaticm applicatise,

Shutdown reactivityr
85,30 x (007 Deltark/K/81.00 = ~,037 Deltax/k (0,29,
count rate calculation

R (Ll ~ K)o CA (| -~ K ),
i i 2 b3

ANg P = (=) /K er X = [/(]l=-g) wWRere P =rhg (reactivity .

Thereto e K = 1/(] « ,037) & .94 (e/~ ,001)00,.2%)
i

K ® 1701 =(=,037 » ,038)) = 968 (#/= ,002ilu.2%)

-
-

ana CR = &0 (1 -~ ,964)/(1 = ,988) = 190 counts per secone [0.%0)

-

(98888 CATEGOARY w CONTINUED ON NEXT PAGE ssnass)
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W, REACTOR TWECRY

-

REFERENCE

PSBR Training Manual, Section 8.C.

PRSR SOP-1, "Reactor Cperating Procedure,” step 6.9,
FSBR Rod worth curves cated march 1967 ano fouwnao in Trainirg Marmual,

Section 9.

NS WER ", 03 (1,30

i+ Migh scattering cross-sectien,

av  Migh average logarithmic energy gecrement,

3. LOw absorption cross-section,
REFERENCE

PEBR Traiming Manual, Section 8.8,

anNSwER ~.04 (2.90)

a, e Fission,
2. logine gecay.

B - .QOchtttv. decavy.
e Burnmup.

€« W Nours Lo/~ | Rour)
REFERENCE

PEBR Traiming Manyal, Sectiorn 2.22.2.

ANSWER .08 (2.00)

4, HIGHER
B, ~IGHER
c. LOWER

g, +HIGHER

(88888 CATEGORY w CONTINUED ON NEXT

FACE sssen

Page 7
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W -

HEFERENCE

PSBR Training Manual, Sections 2.20 te 2.23.

ah Sk N H, 08 (1,00
o  TRUE |
B, FALSE |
REFERENCE |

FSBR Training Manual, Section 2.18.

ANSWER M, 07 (1,50

i« REMAIN THE SAME,

REFERENCE .

FEBR Training Manual, Section 3.11.
Murray, R, L.t Nucliear Energy p. 138.

CoOmpareg to the shim roa,

|
|

<+ INCREASE.

J

I

\

|

\

|

Eecause the safety rod 1s locateo in a region of Righer +#lux as

(a8888 CATEGORY H CONTINUED ON NEXT PAGE sssss)
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M. REACTOR THEORY

.-

REFERENCE

PSBR Training Manval, Sectiorns 2.21 & 2.22.

Because delayes Nneutrons are Dorn 4t lower energies thar prompt neutrons

! LO.S0) ang therefore Nave a greater fast non-leakage orapacility (2,503,

' REFERENCE

PEBR Training Manual, Section 2,12,

ANSWER M, 10 (2.30)

Tt /7 In(P /P ) = 30 seconds 7/ lnis30/100) = [ 6,2 seconds (e/~

i 0

pireactivity) = $1/(]1 = TeéLambJda) = $1/(] + 1&.,3 ¢ 1) = 80,38

L3830 ¢or correct periog (T), 0,90 +or correct use oFf reactivity

equation bueseg oN Ca dl lates Ccalculateo periocol.,

L
-

U = 24 2 +« (~,0038 DettaK/K / = [, 4 E ~04 Deltak/n/C: = 31 (C.

+ S sec)

T =T + (Change in reactivity/The negative temperature coetticient;

u lUSO pouint #0or correct use 2+ NTC eguation Dasec on cardicates result

' ‘tor part a.l

C. Answer sNould show & straight line -or the befcre swetzh (U.20] ane

! 4 convesx line with the peak at the inside Ciameter +or the after
! (0,201 sketch, The atter sketch sHoulo De greater at AL. points
than the betore sxetch [0,20), The peak value shoulo te greater
than the average calculated in part o [(0,20) ano the value at the
0.0, of the fuel should be iess than that calculatee in part B

(0.201,

(88883 CATEGORY =~ CONTINUED CN NEXT PABE asana)
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T

REFERENCE

PEBR Training Menual, Sections 2,10, 2.16, 2.17, 2.23.%.
Thermal-hydraulic Frinciples and Applications to the Pressuriied water
eactor, Chapter 3.

ANEWER Haoll (1.0
“eat removal Dy Neat exchangert

G = mc 1Tout ~Tin) =
(]

EIHe Qll/mlﬂ . . ‘DM/(‘.‘ $ | min/860 sec * | "“"an;r 2
(28,2 C ~ 26 C. #« Y F, 8 C »

470 BTU/sec 8 |.0%48 kw/Btu/sec = 498 ww
Therefore, neat being adoed to pool is 504 \w
S04 kW 7/ 178.7 kW/C/he = 2,8 C (S.1 F) o/= ,2C (4 7
LO.S0 ¢or correct calculation of Reat removed By heat exgranger, o.8(
‘tor correct caiculation of temperature rise in pool Dasec on candigates
value ot heat deposited in pooll.
HEFERENCE
PEBR Training Manual, Sections 3.11.

PLOR CCP-J, Reactor Thnermal Power Calibration”,

Thermal-nyadrauiic Principles ang Applications tc the Fressurized Jater
Heactor, Chapter I,

(85388 CATEGORY ™ CONTINUED ON NEXT PA0E saser)
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T —————

ANSWER . P (2.0

Periog meter,

Count rate reter,

REFERENCE

FSER Training Manual,

I Slightly i Slightly 1
I Superitical | Supercritical !

i 1 :
| NO CHANGE ! INCREASE ;
: ! i
| No chaNGE 1 INCREASE i

Sections 2.18.

(sssss END OF CATEGORY » nusan)
(essnmsanss END OF ExAMINATION ssssstssss)
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FACILITY COMMENTS AND NRC RESPONSE FOR

SRO SECTION W EXAMINATION ADMINISTERED ON AUGUST 30, 1988

Question W.07a
Facility Comment:

NRC Response:

NRC Response:

Buildup of crud in the heat exchanger will decrease the
heat transfer and therefore the change in temperature on
the sicondary side will decrease.

Comment noted. The question hac been deleted because the
answer {s dependent on the rate of crud builldup and the
length of time cver which the temperature transient s
considered.

The facility interprets the guestion to be referring to a
constant perfod startup since a startup is in progress and
no rod motion has occurred., Under this condition, in a
slightly supercritical condition, the pericd meter will
remain steady.

The comment 1s valid. Additiona)l review has resulted in
the question being deleted, since source strength is not
addressed, and the term "slightly subcritical™ is tuo vague
to convey a perfod of time that will permit subcritical
multiplication to cause a steady countrate.




