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L Written and operating examinations were administered to one Reactor Operator-
(RO) and three Senior Reactor Operator (SRO) candidates. The RO candidate and

.

one. of' the three SR0 candidates passed their examinations.
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. DETAILS i
-

TYPE OF EXAMINATIONS: 1 R0,'1 SROI, 2 SROU

EXAMINATION RESULTS: ,

,

|1. R0, | SR0 | !
| Pass /FaillPass/Fa11| 1

'l- I
.1/0 | 2/1 |

I I
| WRITTEN :|
| |

.I I l-
| OPERATING | 1/0 | 2/1 |
| | | |

'

i 1 I I

| OVERALL | 1/0 | 1/2 |.. .

-

1. . Chief Examiner At Site: David Wallace !
!

2. Personnel Present at Exit Meeting

U.S. NUCLEAR REGULATORY COMMISSION

David Wallace

Massachusetts Institute of Technology

Prof. Otto Harling !
Dr. John Bernard

'
1Kwon Kwok
: Frederick McWilliams

J l

13. Summary of Exit Meeting comment er- .anclusions based on written and ,

operating examinations results, j
i

E During the examinations, it was observed that all the SR0 candidates
L experienced some difficulty transitioning from Abnormal Operating Proce-

dures to Emergency Procedures, although the severity of these difficul- !
ties varied widely between candidates. It was noted that the Abnormal !
Operating Procedures do not always refer the operator to the appropriate

'

Emergency Procedure. The difference between a good and poor candidate
a

i
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appeared to be.their ability to recollect which Emergency Procedure was
appropriate for such conditions, since there is not always a transition
statement in the Abnormal Operating Procedures. Inadequate transitioning
lead to an unacceptably fragmented recovery approach for one of the candi-
dates. Hewever, all of the candidates passing the operating examinations
were able to cope with the scenarios in a way that protected both the
facility and personnel. The interrelationship between Abnormal Operating
Procedures and Emergency Procedures is an area which warrants additional

;

attention.
|
|

Weaknesses were also noted in some of the SR0 candidate's ability to
classify emergencies. These weaknesses appear to be due in part to
unfamiliarity with the procedures used to classify such events. Again, ,

all passing candidates were able to classify and respond to the scenarios '

in an adequate time frame.

| Thirdly, the examiner observed weaknesses in the area of personal radio-
legical safety. Inadequate frisking and disregard for radiation bounda-
ries was noted during the operating examinations for some of-the candi-

,

dates,
o

All of the above items were discussed with facility management during the
Exit Meeting held on September 13, 1989. Management took note of these
' items and indicated that adequate review, and changes to procedures-and
training, as appropriate, will be undertaken. A reply to these concerns

I is requested. In particular, a description of the reviews and/or changes
which will appropriately circumvent future weaknesses in these areas.

The examiner stated that, in general, the candidates were well prepared
for the examinations although some deficiencies were observed as

? discussed above.
!

|
'

Attachments:
| 1. Updated R0 Written Examination and Answer Key

2. Updated SRO Written Examination and Answer Key

|

__ _ __-
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'" U. S. NLICLEAR REGULATORY COMMISSION

REACTOR OPERATOR LICENSE EXAMINATION .

L REGION i I
f
c-
i FACILITY: Mass. Insi, of, Tech.

REACTOR TYPE: MITR-II
\

DATE ADMINSTERED: B9],99/ ij |
'

_

|
CANDIDATE '

J NSTRUCTIONS TO _ CA@lpelE_:.,

!Use separate paper for the answers. Write answers on.one side only.
-Staple question sheet on top'of the answer sheets. Points for e'cha
quettion are indicated irt parentheses after the questlon. The passing

*

' g rc;de requires at'least 70% in each category. Examination papers-will'
-b] picked up six (6) hours after the examination starts. !

>

% OF {-
CATEGORY % OF CANDIDATE'S CA1EGORY

VAlj.1E_ _. T.OT AL. SCORF VAL UE CATEGORY |
O . ') 6 I

. 3' ~n j'." A. PRINCIPLES-OF REACTOR OPERATION
iv./

-M li..
_ . _ _ _ .._ B . FEATURE 5'OF FACILITY DESIGN ,

' 1M3 __... I_1. " _ _ _ . _ , . _ _ . _ . . _
C. GENERAL OPERATING0

. CHARACTERISTICS
. . 1

-13,00 % D. INSTRUMENTS AND CONTROLS
l 'L. Oo

27.~ ._12., _ -
__ . ._, E SAFETY AND EMERGENCY SYSTEMS

._i4 32S1 _ _1_ W .__ .__.__F. STANDARD AND EMERGENCY OPERATING
FROCEDURES |

.

iS;OO _15 G. RADIATION CONTROL AND SAFETY ;
^^

. 97.o
. ;f. . '% TOTALS

FINAL GRADE

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

!

o

Candidate's Signature ;
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During%u . . . .. - -

.

this-examination the following; rules apply:
.-

itheLadministration:of .
-

,

g g..
>1siCh2atingu on the; examination means an automatic- denial of your application -.

:cnd could e resul t -ino more - severe = penal ties. >

nT2i(Atter-the examination h'as been completed, you must sign the statement;on- t

EthD 'coverisheet indicating that the work-is yourLown and you have not - :"

'

rCceivedJor given assistance in completing the examination. This'must be,

donefafterL;you-complete the examination.
. .

s3scReatroom trips.are'to be limited and only one candidate at a time ~may
-1 cave.< 'You must avoid-all contacts with anyone outside.the examination
'roomlto: avoid even the. appearance _or possibility of cheating. i

~

; '
m , -

- -

.

L4 stung black ink or da'rk pencil only to facilitate legible reproductions.

7 5 '.. Print your name in-the blank provided in the upper right-hand corner of'

,

ths : examina tion ' ciover shee t . ;

E6L Fil-1Lin .the date on the cover sheet of the examination (if.necessary).z

97.-;You may write your answers on the examination question page or on a
C ineparate._. sheet'of paper. USE.ONLY THE PAPER PROVIDED AND DO NOT WRITE ON.
i:- LTHEMBACK BIDE OF THE-PAGE. l

> xy

3. JIf :.youlwri te- your answers on the examination question = page and ' you need - j

1more. spa'ce to answer a specific question,=use a separate sheet of the 1

<
_ pcperg kovjded and insert it directly after the specific question. -DO NOT
1 WRITE;DN THE-LACK-SIDE OF THE EXAMINATION OUESTION PAGE.

,

9.fPrkin_t your name in the upper right-hand corner of the|first page of each
: sec tion ? cif your-answer sheets whether you use the examination' question,

;.pages or separate sheets of paper. Initial each page.

jo.tBe f or o ; you - turn in-vcur examination, consecutively number each answer
sheet,. including any additional pages inserted when-writing your answers- 1
:enithe examination question'page.'

11E If you aredusing-separate-sheets, number each: answer as to-category and
_

| number..(1.e' 1.04, 6.10) and skip at least 3 lines between answers to-.

R sallnw; space'1or grading,

y2[IWrite "EndLof Category at the end of your answers to a category."

<534[ Start each category-on'a new page.

k4h Write'"Last Page".on the last answer sheet.

$5kouse_ abbreviations only if they are commonly used in facility literature.
,' ; Avoid using symbols such as < or > signs to avoid a simple transposition

error.resulting in an incorrect answer. Write it out.

$6k;kho. point-value for each question is indicated-in parentheses after the
: question. The amount of blank space on an examination question page is
NOTJan indication of the depth of answer required.

iM
,



, ;.y s g # <,

y1 j -
'

,
-

,
_ ,

y ,

Q11: n '

d.
,

xc
gj % )f>_;C

. i. . 2, ,

, , <
ia v

p -
1ho nal'1Ecalculations, methods,L'or assumptions used to obtain an answer.
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Tg Pdrtiaj ; tiredi t_ may t e 41 vent JTherefore,eANSWER'ALL PARTS OF-THE QUESTION.-
$2 iAND DO: NOT_LEAVEfANY' ANSWER BLANK. NOTE:fpartial credit will-NOT.be-

i

s _ given!op; multiple ~ choice; questions. . >

t

UNiProportional: grading .will' be; a' plied. Any.! additional. wrong informationp
} Lthat is;provided mayEcount.againstLyou.? For example,Jif a question 11s- !
L- zworth one point and asks for :f ourf responses, .each of which is worth 0.25 ' '>

k. points,.Jand you give five responsesp each..of your responses'will?be' worth, +

M ,0.20ipoints. :I17one'of+ pour five responses is' incorrect, 0.20:will) bel
,

C Ldaducted and~your total: credit'for that question will be'O.80'insteadiof-
P 'i.,00 evenithough you got the four correct answers.
L:t > . . ,

.
4

.

COL If?the intent |of a question is: unclear, ask-questions'of the examineri -
-

'-

only.z
1

f;hh -Nhen; turning jin your; examination, assemble the. completed examination- withi~
' '3- -

5 \e x amina tion - . ques ti'on s , examination aids.and answer sheets.. In addition,. 7,jg turn;in all scrap paper.. ,

-

37_ . . . .. ..

.

;p$ |preater;and-at'.least 70%:in2.Gojpass?the examination 3 you must achieve an overal1 grade of 80% tor
g each category.
Mk. .

. -

_ iQibtThere-is_a: ..ti me ..limi t of J 6') hours f or completion of the examination. i
:

g forDsome-'other'timr* if less-that the' full examination is taken.) ;

y

'p#f.i:When]youfarm done'and.have-turneti in your. examination, leave the examin - -

'

oation.' area'as defined--by the. examiner. If.you.are foundDin this: area-

[ (whileithe examinationLis still i n . progress, ' your --license ' may be denied' or:
y revoked.
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AjWHICHfone;of0the71o11owingils!true concerning Delayedland/or, Prompt' - i.-

_ r

c:IC,QtronsW . y'

n , ,- ,

f >

)'.t.. L.A)).: Delayed / Neutrons ' are born = at -. higher : energies (than. Prompt." Neutrons'.
|

s

m+

,.
'B)/TheHaverage-energy of'a; Delayed' Neutron =-is 2 MeVa H
_ ;

%; C)iDelayed Neutrons are'more likely._.to be: lost byJ1eakage and parasi tic': 2yp,
habsorption:than' Prompt Neutrons.-

m
= . . . .

>
:>' .

/ D ).jIn t the procests;of; slowing'downc the fraction'ofc' Prompt Neutrons:Ethat. ;
' are':ilost 1silarger than:the'' fraction of -Neutrons that'are, e ,

&i clost. O N. 4
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c(1'.00);-
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o m.. .. -

'IJWHICHyone0offthe--following. accurately'describeithe' effectLthat! Moderator S$.
~

*# (TOmper'ature has..on core physics?1
~

.. ;

6j, ., '
| m.

~

'

s . ... . ,. . . . , . .

. . ._ _ J i.
,

E ~A)FAs moderator temperature-increases,-the_mean=1ree path between. |t
,

scatteringLcollisions-decreases..' ;;.

.% f

W. ,'B)'iLess:! neutrons 'will exit the core as-_ moderator temperature increases.
.

-

=,
-

,

a

vE(' +s
e f 2C)fAsimoderator temperature increases, neutrons;are'more_likely<.to be j

,.

m .

rabsorbed by=. Uranium:=2381and Plutonium-240. f-

-

|-D)iRSd Worth _wi11/ increase as-moderator' temperature decreases.. Q

<

a

.

.

V

b

.'i
k

i,

'

t,

y
< .

-t

;|

>_

(

. - }7
:

f

'
:t

'

,

*
s

.

$ c

m. 6 .

r

!
<

.

>
,

,i

'.4

,

v

i-
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iOUESTION: -; A . 03 '' - ( 1. 00 ) :ki
h ,. .

.

.
_

,

LWHICHLone[of-tthe.following accurately describe.the.effect,that-Fuela :
E)iTGmp::reture!has on core. physics? L'i

i *

:. t

I :A)SALfuel temperature. decrease-results..in-: Doppler Broadening of'U-238J !-

;;and.- Pu-240 resonance ' peaks and J the : decrease i..of- resonance ~. escape:
.

<

! probability.:
,

ci,
- --

B )1I A)-decrease i'n fueli temperature will' increase neutroniabsorption by':. . m . : ,

1 -fu-238 ; and ? Pu-240. '

p: ^C)!Aifuel temperature increase results in Doppler' Broadening of U-238
.

.

-

fand Pu-240 resonance peaks and the decrease.of neutron absorption,
^ * .~durina moderation.

3p
'

- D)~ A d uel.:-' temperature :j ncrease will decrease.the: resonance escape'
'

-

probability.,
L

1

|

// j,

~ .,m.

L

p

[- i
,

"-
...

k

k

3.'..'_
#

| ';
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,

t
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7. . c.,

N

/ g

?
. +

r |

#- ,

i [.' '

t |-

- [_)
-

s

- -(***** CATEGORY -A CONTINUED ON NEXT PAGE *****)
.

, ,

L2



>ggy um

r

I.

A. PRINCIPLES OF BEACTOR OF111AT10N Page 7

[

' QUESTION A.04- (1.00) $w/db Q M
With the reactor critical, a Soure:e is introduced to the core. WHICH one1

,

of the following is an accurate statement 50 generations AFTER the source
iT inserted?, ,

6 A) The new countrate-will be :he original countrate PLUS 50 times the
'

sources * contribution per generation.
,

: B)-The reactor will be supercritical, and the
countrate will be increasing in an exponential fashion.

'C) The countrate will be identical to the
countrate before the source was added.

-D) The board operator could notice a positive
period on the available period instrumentation.

(-

.

(***** CATEGORY A CONTINUED ON NEXT PAGE *****)
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f Aj i PR LMQJ PLES ' OF - REACTOR ' OPERATION . 'Page' 8 ^ |
_

kw .

-t

_
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ny: \ t._;

p: : 3 . =sp ,
v

.

'~' j-g ,

e

[. J' \ . . ,
_

. . , . . .

3

4Q,UESTION: <A.05L _1 ( 1. 00 ) --- -: t
1.,

.
'- *- -.- _. . . _ _ , . __ . ,_

_

board' operator. scrams the'
_ _ ,

h Wi_th;the reactor at 25%> power _the~ control .
3rhdc tor. i : WHICH:onetof"the following.most closely. represents the resulting_

-

* ,frg;# c tori behavior ? ' Assume! "tero; power" Lis equal - to_;.or |less' than ' .'001%. s- ;w ;
'

'|A)[A? prompt drop |-followed by a--80 second| period decay to_:ero; power, ;i
,

'

-

,

+

D)!A? prompt drop'followed by'-a -26 second period' decay to aero: power' ,, ; -

::v .

@K <- C)9A prompt-drop.fo1~1 owed by a'-26 second=periodidecay,rfollowed'by.a- r
_4

_

--80 second-.periodidecay.to zero: power.
<

,
- -

,

ro

.D)XA ; promptJ drop :-:to essentially g ero power. _ )
z

' .

.

. . , c
"

:

g, . . -

4

g:n,'

4

- .

-

t

:

it 1 !. -:. {

'x

.

-

-

.

i

.- '~ 'F.

L: . . . i

.e .
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JOUESTION? .A.06'- ( 1.' 00 ) -
,

;2Overfa period'of. time-whileLthe reactor-is operatingTinLthe' automatic' mode'-
IeS tT800.KW,.the' fuel,_ temperature' increased.from.400 degrees._to 405 degrees

-

.

hC.1--; Assuming 1theLtemperature, coefficient.forthe'reactoris?-1.4;n.10**-41-

pjdslta[k/k/ degree-C, the regulating rod is worth O 1%-delta-k/k/ inch, and-
fsnoro/of,-. the' other! control . elements move.
6

_

4 ;s)'HOW FAR.would.the-regulating-rod. move to-compensate for. the'
temperature change? _ (.75)

b):;I'n What direction would.the" regulating 4 rod move? : (.25).-

|

:-li = _

s

-g

o _u

,

J
"

?

1

-1
,1,

-.

~

d
i
!

:. s
'

.,

(*****-CATEGORY A CONTINUED ON NEXT PAGE *****)
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hA. PRINC.IPLES_OF REACTOR OPERATION- Page 10 ;

i

c

h

,.' QUESTION-- A.07 (1.00)

WhatLwould be 'the expected' consequence of loading fuel in the manner
. ,

. depicted in the figure below. (Fuel element.1 is loaded first,. fuel.

.elamunt 2. loaded secondo etc).

;

,

O 5141312i 1Detector

Core
.

OSource

'A) The 1/M plot would be concave, and would predict critical mass in an
.unconservative manner.

D) .T hs: 1/N plot would be convex, and would predict 'ritical mess.in ac
conservative' manner.

C) The'1/M plot would be concave, and would predict critical mass in a
,

conservative manner.
,

D) The 1/h plot would be convex, and would predict critical mass in an
unconservative manner,

o

(***** CATEGORY A CONTINUED ON NEXT PAGE *****)
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1*

$WHICH!onefcif L the following accurately 1 details- a f actor contributing to; ',

j|Xa 'oriL balance ;within; the reactor.~

n *

l'd
.. . . .. .. .

.

%. n . . '; A);Most - Xe-135 -is f ormed . by : fission.; |
-

- , - -

6, 2 . . . . . , . -

,
," '' B)f Tellurium- 135 is_ a .fissionJ product - which .quickly; decays to :I-135. '

.a
.. s

%
Q , ,' t C)[ 5lithinj approxima.tely. 8 ;_ hours _ af ter. startup :t'o fu11 | power,: Xe-135 has'-

,

, ,i
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j[.j[,Theifuestions|below. concern operating characteristics following a reactor . .i
_1tcrtup .to .4.9- MW without any subsequent changes in | experiment. loadings or

" ;wp0rimental. facilities. ' Assume-the reactor had been shutdown for-3
. ..n t h s .
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c)'As.Lnormal;.operetion continues, WHAT Two (2) effects must be:-
. . .

compensated for by Shim. Bank movement? ' ( l '. 5 ) .
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' b) As not eial: opt-ration continuesi HOW will the flux profile of the: core
"
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f ' be affected?-
'

- ( . 5 )-
'

,

g, . c ); Ah normal. operation continues. .and A1 nceadjustment of Nuclear:
.

F' ' Instrumentation is made,-WILL the Nuclear Instrumentation yield a,
[ conservative or'non-conservative reading? Explain your-enswer,-'
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|iil'|ud.ei a.reactoristartup to 4.9'MW--is. performed' Ten'(10)'hourslafter'a'
f r7Cetor-scram?1 rom 4.9.NW. Rod, control:.is|An automatic-and no. manual

',
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:cperOtor actions:are^ performed.'
a - ~

k , EC)[.As:operationDat'.4.9 MW continues, Initially HOW will Regulating' Rod-~

.

. Position ' be af f acted?. : Explain : your! answer.
n., ,

'
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,!b)IWHAT,willlbe:the final position ofathe-Regulating Rod?,,,
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- QUESTION! '.C.04: ( 2 . 2 "* ) ..
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JWHAT.Three.(3)' operating limits or safety system setpoints must:be' observed;
.

.

:r _f modi f ied . respec tivel y . i f the. reactor is to:be' operated'with-ONE primary.

/coolcnt, pump- and heat exchanger ~ on line. iInclude-values /setpoints as
/;pplicable.
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T he :, f ol l owing': concern : reat tor ; sc rams : ;s ''
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(o) WHAT. system.. responses occur when:a~ MINOR Scram.is~ actuated? - .(.75)

Ib).. WHERE. can a MINOFi Scram ~ be ' initiated?'I
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% AtrOcctor~startup: 15 underway, land ; the " Reactor. Ready''111ght has energi zed t '
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WHIC,H|onefofy.theffoilowing-(A-D)' accurately describte. plant operation?-;
.

'

4 4(-
', i ,

-m. ,s i -
.i

1

A).J Iff the; reflector; tanl< 11evel' decreasen, such that- the reflector tank'
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WHICd one oh the.'fo.11owing is required in order to' initiate the. Automatic:
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^ Control" Mode?'
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,,- A) The: regulating' rod.must be: withdrawn beyond:Ats neer-in position.
' f,

.
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,, " C ) At least two (2) shim blades must.be above the subtritical-interlock
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< QUESTION' ' D .' 0 6 . ' , (3.00)-? j
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i

Fed each; NuclearJ Instrumentation - c.hannel : listed "in' Column 1. select the / j
,

; function (s)?and. type (s) respectively from Columns.!! and III'which are: 6 I

L'_@ C?ociated'with the,Nucleer Channel-listed.-:ltems A~! Emmy be=used / <;
N moralthan once. !,

$;J [ 't
,

-9 C o l u m n'..I ; Column II. Column III." -
, 1

g ,' (..G. , Nuc.- Instr. ' Channer)
Function _. Ty pe : -
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31L A). Automatic' Rod Contr1, 'G) Fission Chamber :
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'OUESTION D.07 (1.00)

WHICH one of the tollowing most accurately describeh the oper6 ting
,

principle of a Conducti'!ity Cell"

A) The capacitance of the cell varies INVERSELY with t he conductivity of
the solution in which it is immersed.

D) The resistence of the cell varies DIRECTLY with the conductivity of
the solution in which it in immersed.

C) A varyjna voltage acrots n conductivity cell i t- used to drive the
conductivity indication.

D) The recintance of the cell va r j e>E INVER5ELY w2 th t he conductivity of
t het so'4 u t i on in which it is i rame rr ed .
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N:HOWLwould;a failurefof_the PrAmary Coolant Outlet Temperature: Detector. ;' "
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n T Pri niaryf Cool an t ! Flow ' A s ^ me, as,. ,ured ~. by-'), d:,f f ereatiai ' pressui*e . transmit ter - i :
'J -.t h;t Els, connected across : ai .1 low no::1'l e . >WHICH:onei7f the.,following would ,

:mosticlose191 represent"the new 1 low rete 11 * the difi'erent1"al pressure . '.
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kodicreased by affector|ofLfour (4)?-
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,.| D) Nes11 low _ rate;is-1/26 the oldiflow rate.-
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_ D)lNewLflow; rate isL1/2.the oldiflow ratw.f
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.:V C)uNew flow-rste'in 2-tiMos't'ho old'1 low' rate.-
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GUESTION E.01 (1.00)

WHAT will occur if the radiation monitor in the off-ges pipe detects an
,bnormal activity?
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..Q;;rm pleireading 1LRem/ hour.isiplaced behind a 2 centimeter lead shield..
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1WHAT.willibe--:the resulting'txposure rate? Assume no' buildup and a linear- .e
Einttcnuation;coef ficients equal;to . 52 cm-1.
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ANSWER A.01 (1.00)

{-
-(140) ,

! REFERENCE

MITR-II, Rx Physics Notes, Reactor Kinetics

|AN.WER A.02 (1.00)

' C.:(3,0)

i

I, REFERENCE

MITR-II, R: Physics Notes, Reactivaty Feedbacl

ANSWER 4.03 (1.00)

D (1,0)

'

. REFERENCE

MITR-II, Rx Phytict? Notes. Reac t ivity Feedbacl:

ANSWER A 04 (1.00) @/gfes./

A (j,0)
'

' REFERENCE

MITR-II, Rx Physics Notes, Reactor Startup

ANSWER A.05 (1.00)

g"A(2.0)
_

REFERENCE

Robert Reed Durn, Intro. lo Nuc. Reactor Operations, pgs 4-14 to 4-24
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fAF ' PRINCIPLES OF-REACTOR-DPERATION Page'.83-

9-
,

- , ,

^!

, .

1NSWERS 'A.os !('1.00)
L .. . n-

Q)%; ' = (-1'.4E-4-* 5fdegrees = -7E-4-delta k/k (.25)- ,
,

,a,

|n . F( L7EH4.: delta k/k). -/. (.001' delta k/k/ inch) (.253'= .7 inches [.253.
~

'

< ,.
''

.;9". _a$The control . rod. moves out: (.25)' b)
-

: -

r
j, . . . ,

iREFERENCE ,

/g i
W: AfA4

'

,'n,

.

3_

ANSWER- .. A .'07 ; (1.00)--
~

TDi(1.0)

$REFERENCEE
s

Rober0 Reed' Burn. Intro. To Nuc.. Reactor Operations,'page 5-101

,

';;

ANSWER' A . OB |(1.00)
.... .

. D ? ( 3 . 0.).'
-

I.

s _-.
4

o_
i,

PREFERENCE.

)t. .. . -

[ MITRr21, Reactor Systems' Manual. Chapter:10
g
h,s
c.

Et
(%N2WER A.G9' |(2.00)-

[i.T=DT / I n21-
Ft7omtinspection,. Doubling Time'=-25 seconds (.5)

T=36.07 sec (.5),

L , ,

6 .: x,

,mU31ng-Inhour: Equation and neglecting the prompt contribution,
N T= |- ( Be f 1-p ) / L p z, reduces'to p= Beff/(1+TL) (.25)--

, ,

k

L [p = % 00786/ (1 +36. 07 * .1 )..- = ,cxpl'7 delta k/k (.5)

h !Th3rde f ore,f di f f Eren tial Rod Wor th is. * op|7 delta k/K between 50 and.55%.
O[(j25)

,,

[ig s, ,v:
,

O .. , '

e ., s.

Fy ', ' = (*****! CATEGORY A CONTINUED ON NEXT PAGE $****)
y & g*' gg
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O., . PR I N.G lf;1 E S_Ofdi? A G Tp5_OF E R AIlppN Page 84

REFERENCE

MITR-!!, Rx Physics Notes. Control Rod Calibration

.

' ANSWER A.JO (1.75)

-)
Keffa = 1/ 1-p (.25) Ke111 = 1/(1-( .6667)) .60 (.25)=

CR= S/ 1-Ke11 (.25) CR = 1000/ 1 .60 = 2500 (.25)

b)
New core reactivity = .6667 + .60 = .1667 delta k/L (.25)
heff = 1/ 1-p = 1/ (1-( .1667)) .Ob71 (.2D)=

CRr 1000/ J .0573 6990 (.25)=

REFERENCE

HITH-Il F Phyroi t s Notes , Suberitical Multiplication

ANSWER A.11 (1.00)

A:(1.0)

REFERENCE

TGehnical SpecA11 cations

ANSWER .A.12 (2.00)

2)'(tube flow)*(tube delta T) (shell flow)* (shell delta T) (.25)=

chell flow = 1600 * (95-91.6)/ (78.6-75) (.5)

chell flow = 1511 gpm (.2S)

b) Q=mCp(dT) (.2S)
=(1600 gpm * 1 min /60sec * Acutt/7.48 gal * 62.41b/cuft) * (ibtu/lbtF)
*(3.4F) (.5)

Q=756.4 BTU / set (.25)

(***** CATEGORY A CONTINUED ON NEXT PAGE *****)
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L

l' REFERENCE

t . =CAF

'
.

t

|-

i
,

~

,

s

f
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3. FEAulR_R$ OF :FAQJ,,lTY DXQJJd!i .Page 86

. .n ,

k( ;I ,'f

,

(ANSWER B.011 (1.00),

@l.L;1ncrease the. surface available for heat transfer (1.0)
li; ._

* '

tREFERENCE: ,: ,.

. . .

,.

T eac tor - Sys temu~.' Manual , page-1.2
'

,,
.

L

is

f., -

| ANSWER B.02' (1.00) -

;

In .: thei.' A-ring ' and' or B-ring .- (1.0 ). M, ' /* M JE #
'

.

p , s5%r,WW... i.

iREFERENCE

: FCCctor .Syntems. Manual-1.2-
'

<

'

,

; ANSWER'. B.03 (1.00)
,

(TW mM n ta3 niD20 : purs t yr (1. O) '
.

hbEFERENCE

' FCOc t or| Dyitemtq Marpua 3 -1.2

:;

I ANSWER. B . 04, '(1.00)

C : (li.O N
<

-

' REFERENCE-

?RyectorSystems' Manual-1.3'
m, -

4

AFCWER. B.OS- .( 1. 50 )
n, .
{? ' .. -

fyc)-SOmma Radiation Heating (.S).-

(b)/IDeminerallred) water 15 circulated through cooling coils in the lead
(.5)e 21

c)|Aireactor' scram will result (.S)
..

E

.(*1|4*N CATEGORY.,.D CONTINUED ON NEXT PAGE *****)
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,

J . rf _ _1 ,

>

1.

LB N FEATURES'DF FACILdTY'QiLBJf,H: Page G7
s4o

, L - >

[fhFERENCE-
%

?Reveter Systems. Manual 3.3.and-3.13
$ _p>

,

) tt .

$NSWER iB.064 (1.00)Lz

- ?
,

-[TD:createA large| uniform =1 lux of thermal neutrons-(1.0):

.m , . ..

'R,EFERENCEs !

' R,an, c tori Synt ems - Manual ~1.3 --

{ ~
#

1r

kNSWER |.' D . 07 ( 1.'00 ) A@;

.Borbn-('5),,.to< permit more fuel to be loaded into.the core (.5).
.

.T.
REFERENCE

.

: RQ:|ctor : Systems .' Manual-1.4 -
7-. : : /,'

{AN"WER' .B.08 (1.00)
:p

' !:To$ provide an: outer flow pet h for. primary coolant (. 5)
,a ,.<To" cupport the fuel storace liner (,5)

f-

+
,,

! REFERENCE:
: 4
,(RSMsil7 and; figure 1.4

,

iANSWER B.09 (1.00)

' 1$ drculic. Resistance in the guide tube (.5) acts as a damping force on-.the-

jic him_: bl ade 1 assembly (.5)

(REFERENCE

'iRhector-Systems Manual-1.10
.c.xy

1 ANSWER B.10 (1.00)
'

-

JiThd.J regul ating rod-mechanism han no electro-magnet assembly (1.0) ;

j'|

Nj( _(gg,3g CATEGORYo B CONTINUED ON NEXT PAGE *****).

.
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' REFERENCE

L Re: ctor Sytetens Manual-1.10

0
.

(41GWER B.11 (2.50)
t

; 2') C (.S e.ach)
'N C
3) A

?s se rl rGea'AYy m*cA'$ weng

: REFERENCE
,

'R:;ctor Systems Manual-2.10

ANSWER B.12 (1.bo)

S!::condary Cooling Dystem ( .b)
h- "j; _ " w 1 1 r e4 &F-

. 4_ .
t rr, _ j

City Water (.5)

REFERENCE

Rscctor Syntemn Manual-3.4

i

ANSWER B.13 (1.00)

D,L150 qal (1,0)

' REFERENCE

R;;ctor Systems Manual figure 3.3-1

|

,

.(84444 END OF CATEGORY B *****)
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(Cb ' ' GENE;.%l,_ OPERATING' CHARACTERIST ICQ Page 89'
'

,

0 ;h . j.

4 .i
:

,

: ANSWER: C . Oi- .(3.00)-

b) Short lived'fissiotr product poisons-(.75)'
'

,

' t i:' . Fuel-burnup. (.75).- +

: . .- O& 73'pN.** E4c/*W
b)/The' axial;1luxiprofile moves upward:in-the core (max 1 lux moves upward)- ,

.4 - (.5)
' n ,

[t )[ ftn-Con serv ative r- ( . 25 ) . Flux redistribution decreases the 1luy L. ten'by? .;
lthe detectors:(.40) evan/though total power is still the same-(or <

1;; g rea t e r t '(.3S)
''S,c

~ REFERENCE
'

: '

'LProcedures Manual.-2.4 page J . f
' ::

#
TANSWER' C.02~ (3.00)-

'

i

%)/T he: regulatinq) rod'will drive in to compensate for-Xe burnup.(.5). v

, b). Full y the erted L( . 5) - j

,:c)~One_ Shim B.Inde-( the one selected) Wil'1 rundown.(.S)|(30' seconds) after " l'

-

the Regulating Rod reaches its near-in position ( .5) . - The other Shim
y - Blades . will - maintain ' t heir original - posi tion - ( . 5)', because.they are not ,

:cffected by.-the rundown-(.6).
' .'

,

LREFERENCE~ :
-

3,

-P'rocedures Manual-2.4.page'3 *

-

L

! ANSWER ~-- C.03 (i.50)
.,

.t

LPrimary Flow Ragte ( 25) and delta T across core-(.25)
g:R31Acctor (D20) Flow Rate (.S2) and Reflector delta T ('.25) ,

MShield-Flow Rate (.25) and Shield delta T (.25) ;
-

;
*

.

< REFERENCE-
!

jProcedures Manual-2.4- j
.i
i

'.(***** CATEGORY C CONTINUED ON NEXT PAGE *****)
.
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'
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- Q '. GKtJERAL OPERATING CHARACTERISTICS Page 90

F

ANSWER C.04 (2.25)

5'Powgr-(.5) <= 2.5 MW (.25)
,

. Scrcm setpoint (.5) set to 2.75 MW (.25)

.'' Flow Scram (.5) cet to 900 gpm (.25)
i-

LREFERENCE

Proccdures Manual-2.4
i

l

I

ANSWER C.05 (1.00)
..

.

24. hours (.5), the graphite reflector tekes a long time to reach thermal
Cquilibrium (.5).

REFERENCE

R3 actor Systems Manual-6.4;
-

!

'

ANSWER C.06 .( 1. 2 5 )

Four convection valves on the lower part of the core shroud (.5) will open
:when pressure above the core exceeds the presssure below the core (.73)
-allowing natural circulation coolina to occur.

REFERENCE

Reactor Systerns Manual-1.15

ANSWER C.07 (1.50)

N;utrons produced by the reactor (.25) 2 r the m litcd ir t he T hu , ,,,n 1
C o l u,T r. (.25) rnd enter ' ' ' |s h i r e u -- ..ee (.25). M r C;. . m. te, Cert s.25),^

=Fic" r e^ t r f r 1 . Irttic; c' : :avi tl, ichrd U 255 (.25), i. ...eJ..irdm,,, ,

'

F d .; r - 12 t r,a s t , v m i , viii il mm v , (.25;.oi,m .

b'@fe Am.' *HCU $ th CCHI h o'/M y , @ UC haf' &*' *. "#'y oy*

0REFERENCE C#

'

; Reactor Systems Manual-2.3

i(***** CATEGORY C CONTINUED ON NEXT PAGE *****)
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?_ . ., .C . 00J < .'( 1. 00 ) -. .a , : :
' a

n.n.,.
, . -t ;. ,. . : , . ,. 9
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9 D20 ?''Blis' ter!.. Tank 2- ( .25)!
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g

a ., .
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N ''

}i
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.
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.3
_
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INSTEOMENT.S AND_JONTROLS: -Page 92 _;

i;' . '
,- ' .
R jm

..g! A- ;13 _

..

b. , - c. . i
~

.

s:s;
_

.s.. . < .. . s .- . - _. .

'-ANSWER:- 'D.01 : ( 3. 00 )- t
,, , - )

h:'ihllisiixiblades drop (.-into . the : core . ('.25)' and ' drives. run -:-in ('.25) :
s

, l. .e
j Yrggulating rod' drives |in-)(.25)7 y-
n:

Fb')'Jrdactor:: console?(34) or. medical 1 therapy | room (.35)".x h
$ '

i,i..,

;

: )l($dnor scram)1 -- iil c.
'

%.)hh11 sixEblades' drop 11nto core and: drives:run in(r gul'ating rod: drives in }'
my

,

j.y[LtSealtthecontainment-(.25): a|DumpfD20 reflector ( .25)'
";

is.. _ . . .

- .
.

.
ih.

%d);Jreactor console (.40) or-utility' room-(.3S)-
'

.j
_

rt.

-REFERENCE. . . .
.> .

*

;;

' Re:ctor Sys.temn Manual-4.1-

::
>

, . < .

IANSWER- 'D.'02- (l'.00) !

! Dumpi the : L20.| ref 3 ec tor. _( . 5 ) : hnd. d
'

iCr.u.sC a minor scram (.5)- J'

-

7

.

, 4 I
. . . . . . _ . . .,

SREFERENCEi
a

rOcctorasystems, manual-4.1, ;
F

's

.;
~

';

h

ANSWERi [ D . 03 _. .(1.00) !-

.\
|1

[BL'1.0) 'i(
<

: . Y ~ ,

-REFERENCE-
.r - ,

,

5R5httor-Systems Manual', 4'.1-4.3 3
'

- ,
;

e

4

iJANSWER| D.04~ :(1.00)
-!,

D$pr??ss)ihel'|manuel-control" pushbutton (1.O)

-

.

' O..

" b
'

+

I

4-(*****/ CATEGORY ;D:CONTINUEDfON NEXT PAGE *****)
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Ch 19NSTRUMENTS AND CONTROLS' Page>93
,

, -
,

,

,vWN' . ,- _

.
.

- - . .

:h ( , , , . ,

- - . . '? REFER.EN.CEi. e,c
,t_' ,J >

'* *

k,,R'act'orfSydtems-M'anual-4i4'e
a, , .

'

,n%, :, - .

g#: ,
:,:.

, ,

,

.(. N, S W E, ,R + ;.D.05: (1.00)-
-

.

,

C;, n-

A (1s0)? -

f
'

rREFERENCE- ,

gc, -'-
,

jJk3hetbr$3ystemsManual-4.4
M, , _s

y '
,

,

%
{ ANSWER- '; D.06 - (3.'00).~
w.+4 <

. . .

iChannel;1:eD;C.D;E,G,H C'.1'|each)

3 LD, C. E , F .X N .'1' "eac h, "F" i s" worth .2 )[Chknnnik 1
'

JChsnnell!Si f D,E.H.: '( .2- eac h )i
~

..

* Chhnnel -: 7: :'B ,1:: ..(.3 each) .
~- ..,g ,g s .

'r

JChNnnel(07$t.F,H i ~ ( . 2' each)!
'

' REFERENCE-

ResctokSystems-Manual-5.1-6.9

(

+
. .

fANSWER' D.07- (1.00)'

r _ >fDf(1,0)j
REFERENCE-

>

|Risctor Syr.tems'' Manual 6.2.1
.

"
.( . ;'

. -

ANSWER / D.OB- (1.00)

I!T6f temperature indit.Mion would be hion (1.0)'

.

r

|:; t

1 4 ..
i s. : ,

._

| > t
s

..
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' E, SAFEETY AND EMERGQJCY SYSTEMS Page 95

i'

!

,

l' ANSWER E.01 (1.00)

. 11-gas is isolated (1.0) (blower stops and two isolation valves close) .

I Nad/ se n (arm.
JREFERENCE

Re:ctor Systems Manual-3.4

.. ..

fNbWER E.OO (1.00)

To protect the pramary coolent syctem (.75) againct overprensuriration
($2D). (protection against t anl: overpressure not acceptable).

.REFCRCNCE

R15ctor Sy t tenik 11anual 3.4

' fin S W E R E.03 (1.00)

'Anta-saphon valvet; (.3) locettcd above the core inlet piping pt.netrations
h (.5).

cREFERENCE

! Procedurtb Manual 4.4.4.4 pacte 1

ANSWER E.04 (1.00):

Whrn the primary coolant level drops (.333) 4.0" (.333) below the overflow
pDint (.333).>

p/jp.m Wp p s 4 h w W H ~)
REFC1<ENCE

Prot dures Manual 4.4.4.4 page 3
4

NSWER E.05 (1.00)

At the reactor inlet penetration (1.0) (-S2" on level gauge)

p

(****4 CATEGORY E CONTINUED ON NEXT PAGE 44444)
L
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EE '. - SAFETY ANQ EMERGENCY SYSTEMS . Page 96- :

,: r.
. ;

<
1

.

.

NEFERENCE:

t; Proc dures Manual;4.4.4.4 page 2 '
.

.]
,

i
-

,,,

ANSWER:. E . 06' . . ( 1. 00 ) ' a
m n .

. r . .

- -

- '~

LAt h$gh:sfficienc'y particulate filter-(.5),and an activated charcoal-filter: .;j

|;e(fD)?(would remove particulate matter and radioactive--iodine 1 rom the |
'

y11luent)~. :!
A[ c

(i.REFERENCEL
'

u. ,, .. . .
-

.

'
'y

'

,' R;;ctor' Systems Manual-G.23 '

' *

s@ . i :'
-

-

>

i

IANBWER' :E.07 (1.00) ..

s1

$),on'~remergency comprested afr cylinder (.5) 1
:,

b) fair locksi (.5) -r

. .i

!T<EFERENCE*
,

: t,

4Rsoc t or1Gyntomsi t%nua.1-0.28 !

>

- ,

[ ANSWER- E.OG- (1.00) .
...;)|". . . . .

"

!
.

hN "M h/ e// /M p]!fottr. hours (3.0)

t

LREFERENCE .. {1 -

: 4R;cctor Systems Manual-0.37 ;;

e - |- '
.

:- t <

'*NSWER :E.09 -(1.00) .;.

o - I

l--~R09tiits~ circuit breaker (1.0)- .'
n- r4

REFERENCE -

:Racetor1 Systems Manuol-8.37 |

- r

+

- ?,

i
i

. . - i
'

D-
'
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J g,, SAFETY ND QigfiGENCY SYSTEf@ Page-97- '},

,

.

;
, .e

'

_ j. , ,

>

.i'
.,

_l'.00) m M'

'!ANSWERc . E .' 3 0 (

g(if o[. [ d er@ L' WMr A ~ ~
'

-

,
.

':7 a= ,

-

,

. - , . .
-

? REFERENCE.
-

4; RICctor' Systems. Manual-8.34 .I
7

,
. ,,

,,
-

|

$y. .. .

*

l'AhlDWER- E.11 '(1.00) ' ' ' ~ --
r

ik2(A[' .

?v Norru,11 power :41s restorod-(1.0)'
'

L . .
''

6 REFERENCE

'. R3Ori.orisystems Planua12-8.!O

, ,

'

E.12! -(1.00)ANSWER :

In1the, control room ( 1. 0 ) -

6 REFERENCE'
v

.
,

--ROctor Systems'Manuai-9.42

_J

, ~ANj:WER E.13 -(1.~00)

City water solenoid va)ve closes (.5)
, Sump; Pump (s);;stop ( 5)

Yb
'tREFERENCE-
+

[~R0detor Syntems Manual-9.11
~

, .

i

,

1

t

#
, .(***** END OF-CATEGORY- E 48***)
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'FI STANDARQ ANQRERpgjNC.y_QPERATING PROCgp1]EES Page 98

%
t , a'1

gKQ ' '

;ANS6ER' F.01 (1 50)

,9)" Core tank levelEdrops.below;the reactor' inlet panetration (1.0)-(-52" on
,

the-; 1evo) - gauge ) .<
4,

4)1TO ensure' full cityEwater pressure ~to-the spray norz1es (.5)-(ECCS)-

7v

' PtEFERENCE I
ih '

Frcicedures Mahual 4.4.4.4 page 2i
'

n

; ANSWER F.02 (2.00.)
''

c)fopen WV-23'(.W. (valve W'not recuared)
Lhold open MV-101 using the push button located by the_ primary storage' '

tank (.5).
'

, b)fConnnct fire hone __(.5) from make-up storage tante (.25)'to primary:

, . otorage t e.n h (.25) and allow gravity feed (WV-11 to WV-20)
,

t 4

i

' AICWER F.03 (3.0D)-

jTwo?-|licens$d oper a to'rt. (.5). st'least onrr of' which is an SRO (.b).

d- ,

:CNSWER| F.04~ (1.25)

. / UnUnua'14 Event (.25) (.25 1or correct order)
FAlcrt.(.25)
cod t'2:LArea Emergency (.25)
G;nsra1LEmergency (.25)

,

t

REFERENCE:

$PrdcCduresManual4.4 page'2

.

xANSWER2 F" . 0 5 (1.00)

"(Becense the source of the -p is unknown) the reactivity may suddenly
rocppear ('.5), .possibly initiating an excursion (.5).

d

k. _.
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LANSWER' , F.06-' '(1.50)
%).v. ;.ei

,
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'
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=

@p.e); minor-scram E 5) o
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,

v g :, ,

b J .,

S;x)]tes' prevent sending a cold slug of' water through the core (1.0)-
. r m,;.:.. . ,
r

-

W.UMRENCE - '

Mb>..,
.

'
.

N PrccCdures,Mtnus) 5.".4- ;

& t
s. , .i

f W. J
s

'' )j,

.. ; .
, . . .

$

rANSWERE F.07 (1.00) ,

?Nccusofthe? reactor f,hields may' require a long tirnoi(O. hours)-to cool -( . 5) . | ,

In.{thejmeantime, high. temperatures could molt'the= lead thielding-(.5). .

'

fREFERENCEj >

.
, . n'

W Prc::codures Manual S. 4. 7- ',n
.'1 -

_p.
-.

,

-;

) i45WER- :F.08 ( 1. 00 )-
y <

si

;Tc(totAb11Eh limats within which the integrity of the fuel clad.is ''

Ctbintained1(to: protect tunt clad integrity). (1.0) [
'

,| REFERENCE :|
v .

-TcchnicalcSpecificat1onc 2.1 .-,

. i
j -- :j

(NSWER F.09' (1.00) ;,

-Co2pleted Irradiation Information Form presented.to duty operator (.5)?
'

'

2 i

j. Duty (operator gives permission (.D) .;

J.RhFER.ENCE. !
.

3

:ProcGdures Manual 1.10 page 5 -!
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>

!
r

-

,
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(p. RADMILON CONTROdNJ_ SAFETY Page101

!

ANSWER G.01 (1.00)

| Fil badge (beta gamma) (.5)
'
Pock:t docimeter (gamma) (.5) ,

r

REFERENCE

Pr:cxdures Manual 1.14 page 3

|

l'

iAN3WER G.02 (1.00) '

8
, )h ( J. 0 )

,

iREFERENCE
-

,

l' R:. :c t or Svatemo Mr.nual 1.14-

. ANSWER G.03 (2.50)
f-

(. Intake (.5) and Exhaust (.5) butterfly dampers close
! 'Intche (.5) and Exhaust (.3) fans stop
" Auxiliary Fan stops (.5)

A%m
, REFERENCE

' 'RJnctor Syr.teme Manual 8.15

|-

t AN~WER G.04 (1.50)

a) G::mma Scintillation (.75)
b) S::wer Pump Trips (.75)

REFERENCE
,

;:ctor Systems Manual 7.4.2
!

4

-ANEWER G.0S (1.50)
frMum
S2 ;' r CL-* ; c'd:- (.5)
Avoid _ skin contact (.5) and breathing D20 vapor (.S)

(***At CATEGORY G CONTINUED ON NEXT PAGE $4444)
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' ANSWER- G.06- ;(1.50) l
;Countithe'activAty of the: Indium Foil (.5) atop; the individual's film. badge '2

~(3"))L Activity!of-'this= Indium indicates neutron irradiation-(.5).
.

->.
.

::EFERENCE.. ,

_ ,.;g '
'

' 1

NPpcCderes, Manual'.4.'4.4.10' . j:

'

k
> .

| FANNER . G . 07. '(3.00)
\ro <
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piL;h.nh the.LMfected v ea wa th soap (.b) end'lukownem (.2S) watur.(.2S).r

m
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Wholb.ilsody . j .2B : Rom /Qt r (.5)
iSkan ':7.5 Rum /Qtr. (.5)4

itktremitiot?10~.7D Rem /Qtr (.5)
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7d 5'WER. G.09 (1.00)
s. . ; . . .. . .. .

B.(1,0)iiO(CFRi 20 Appendi>:
..

,! REFERENCE-
y

( 10[CFRi

|y %
.

N
~

,

-

V3
_

y @ ( 3ett' CAT'EGORY -G-CONTINUED ON NEXT PAGE i8***)
'

kh I,



_ - . . ._ - - - - - _ _ _--

g gw -

. ,
.c ;

y ,
,

. . . ,.

? ,, 3, u
'

>
,

e

|g2-' JRA,,p! ATION CONTROL Ardh ' SAFETY-' Page103:

n:.
, .f

61 , y

Yi

i/ i

i. o-
G.10i . ( l'. 50 )-

bANSWER
+

-:Ninicize' time;near-the source-(.5) '

'

:Nasimize' distance.between the worker-and the source ('.5) '
-

,

.. Utilize shA eldirig - to reducec radiation" levels (~.5);

(REFERENCE

.;,8t ndard= radiation worker knowledge'
. .. ,

1
.

..

/

p.,
..

N[ANSWERi
- O '.11 ( 1. 00 r

' 4:s;b . '
. . .

'

. BNF(1LR/hr)P^ .5282 ( 1. 0 ) f from Im]ote^-ux

(i %. 36'R/hr-
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U. S. NUCLEAR REGULATORY COMMISSION
SENIOR REACTOR OPERATOR LICENSE EXAMINATION i

'|REGION 1

FACILITY: , Mass. Inst, of Tech.

REACTOR TYPE: MITR-II

'

DATE ADMINSTERCD 09/09/11

CANDIDATE: - l

'

INSTRUCTIONF TO'QAt{QLDATEL

:Oc1 separate- paper Tor the answers. . Write answers on one side only. ;

St:Ecle question cheet: on top of the answer sheets. Points-for each <

question are ind2cated in parentheses after the question. The passing .

.gr:de requires at Inast 70% in each category. Examination papers-will- j
in picked up dix (6) hourr, after the examination starts. I

e

I

!

.% n- t

CATEGORY % OF. CANDIDA1E'E CAT .

VA(4g_, ID.TAL _ _SC ELE _ __ ,_.R
\*.LS'

_ .JATEGORY g,

,;

._Aih [i._ _ D -- _ _ _ _ _. H . REACTOR THEORY- l

// $ '
. _ I. RADIOACTIVE MATERIALS HANDLING I

DISPOSAL AND HAZARD 5 i

!

.32. .M_- . @ _ . _ _ _ .
J. SPECIFIC OPERATING d

CHARACTERIETICS'

-18e00 ._ h _ ._ K. FUEL HANDLING.AND CORE

|PARAMETERS
/8 9$ |uh_ . _.E_3 . _ _ - . . - . . . - _ . . _ _ . _ . . _ _.

L. . ADMINISTRATIVE-PROCEDURES, j
CUNDITIONS AND LIMITATIONS

W.O.
.

|

'9) ._
% TOTALS j

FINAL GRADE 4

-AII-work cone on this examination is my own. I have neither given |
~nor received aid. {

!
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u NRC RULES"AND! GUIDELINES FOR' LICENSE EXAMINATIONS-' '

NUr iAg4the administration ;of fthis1 examination the following rules applys ? |
2

'

[15 i[Chhatingion L-t he e>iaminatj on' means' an automatic- denial of ' your? applicat[ ion:
'

Ind[couldiresult~_in/more? severe penalties..eu _

,_r,

Dt After theiexamination has'been' completed, youfmust sign.the' statement on
Witihi icover"cheet indicating that-' the. work _is. your own . and _ you have - not *

Tr';ceived orjg'iven=-assistance in, completing the examination. This-mustibe
Ldone afteriyou complete:the-examination.,

:;

M N R $troomstripsyare'to'beII'imited and only one' candidate.at_a time-may
f1M ve.,.You.must avoid-all_ contacts with anyone outside.the examination,'

iroomLto:| avoid (evenLtheiappearance or.. possibility of cheating.

i[ Uni blach ' ink'or-dark < pencil'only to_ facilitate legible reproductions.
~

O f- Priin.t ' ycer nameL in Ithe blankfprovided in the upper right-hand corner ofL 0
.

p th'erexamination'coverlsheet.
.

M Fill 2Anithe date on?the cover sheet of the examination (if necessary).-
-. . . , -

QWYou YnsyDwrito1your ianswers on the examination question.page or on a
?separatefsheetiof1 paper. USE.ONLY THE-PAPER PROVIDED-AND DO NOT: WRITE ON

LA >THEFBACK S]DE'UF_.THE PAGE.

[S hlfhyhnWr'lltelyourLanswers on the examination quection page and you need,
Jmore1 space-:to' answer.a s,pecific question, use a separate sheet of the''

-

-Lpaperf providedj and insert-itL directly. af ter the specific question. DDENOT
jWRIT ELOND'THE , BACK GIDE .0F ~ THE EX AMINATIGN QUESTION PAGE.>

NNrinth-ycur iname 'in the. upper right-hand corner of' the~ firut' page of - each
j Tsection-of ysur.Eahswer sheets.whether you use the examination question

lpages for sepm ate uheett at_ paper. Initial each page.

9.pDef' ore you, turn in_your examination, consecutively number each enswer
-Bhub t. ,11nc luding any addj tional pages 7serted when writ.ing your answers4

Eondthe" examination, question _;page.,

Jii Ifhyouqare using separate sheets, number each answer as:to category and!
number ;(i . e. E 1'. 04, 6.10) and skip at least 1 lines between answers to

_ M ilowqspace'for grading.

2h10ite iEnd of" Category at the end of your answers to a category."

1d $ 5tgt"each category on'a new page. .

(4V Write''"Last1Page' on che~1ast answer sheet.
.

c
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(D.iUsexabbreviations only if they'are commonly used in facility literature.
.. Avoid 1usinci symbole such as < or > signs to avoid a simple transposition i
corroriresulning in an-incorrect answer. Write it out.

,

).6k.[TheLpointvalue for each question is indicated in parentheses after the
'

Equestion._-The amount of blank space on an examination question page is -q
iSNOTianS ndication of the depth cf answer required. G
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17 'Show'all calculations, methodn, or assumptions used to obtain an answer.

r. ._ P c.r t i a l credit may be oiven. Therefore, ANSWER ALL PARTS OF THE QUESTION
-AND DO._NOT LEAVE ANY ANSWER BLANK. NOTE: partial (;redit wil-1 NOT be
'given - on (nultiple choice questions,

i 9--. Proportional | grading will be applied. Any additional wrong information-
thit is provided may count against you. For example, if a question is .

. worth one point and asks for four responses, each of which is worth O.25>

points, and you give five responses, each of your responses will be worth
0.20 points. If one of your five responses is incorrect, 0.20 will be
d::duc ted. and your total credit for that question will be 0.00 instead of
1300 even though you'got the four correct answers.

70; 11 the' intent of a question is unclear, ask questions of the examiner
,only.

21;:When turn >ng in your exanination, assemble the completed examination with
?xamination-questions, exemination aids and answer sheets. In addition,
turn in a]1 scrap paper.

723 To past, the examination, you must achieve an overall grade of 80% or
greater and at least 70% in each category.

33: 'There is a time 12mit of (6) hours for completion of the examination.
(or some other time if less that the ful1 examination is.taken.)

74 c ' Whei. you are done and havte turned in your examination, leave the examin-
ation area os Je fined by the examiner. If you are found in this area
while the enamination is still jn progress, your license may be denied or
revoked.
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QUESTION H.02 (1.00)

WHICH one of the following accurately describe the effect that Moderator
T mp:_ rature has on core physics? .

A) As moderator temperature increases, the mean free path between
scattering collisions decreases.

B) Less neutrons will exit the core as moderator temperature increases.

C) As moderator temperature increases, neutrons are more likely to be
a br,or ted by Urar.j um 230 and Pl u t oni uni-240.

D) Rod Worth wall incream as moderator temperature decreases.

.

(tt*** CATEGORY H CONTINUED ON NEXT PAGE ***4*)
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GUESTION H.07 (1.00).

Whht woOld be the expected consequence of. loading fuel in.the manner
depicted in the figure below. (Fuel element i is loaded first, fuel

.

/c.iement 2 loaded second, etc).

Detector O 5141312 i 1

(bre

.

sc==c O

A) lhe 1/M plot wou}d be concave, and would predic t critical mass in an
'unconcorvative manner.

Di The 1/14 rlot unuld bre convey, and would predict critical mass in a
connersative manner.

C) T ho ' 3 .'N plot would be concave, and would predict critical mast in a
conservativo manner.

D) lhe 2 /il- plot would be convex, and would predict critical mass in an
::Unconserva tive n,anner . ,

I
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.

QUESTION 1.12 (1.00)

'

;)iMAT must be essumed if the High Radiation Set-Up Area Veult Alarm hasG tuOted?

?

,

!

,. .

(**443 CATEGORY I CONTINUEL ON NEAT PAGE da444)
w :_
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GK!2EsMGQ

' QUESTION 1.13 (1.00)

WHICH onr of the following correctly describe when Attjon IX would bte '

implemented?

A) There is danger that people in thee path of the efiluent might
receive an integrated dose of more than 1 Rom whole body or 5 Rem
thyroid as a result of exposure to the offluent for a hour.

D) There in cianover that people in the path of the effluent have received
on jnteort.ted do e of more. JO Rem whole body or 50 Rem thyroid es a
rusult of expobure to the effluent for i hour,

C) The veleare it *.ut h t. hot t he probable internal dose to people in the
path of tiie effluent is less than 1 Rem whole body or b Rem thyroid
over a perioti ut 1 hour.

D) The darie rete at a ri y point outtide of the site boundery is greater
the.n 0,b ih m/ hour.

E) The doce r.nt o everywhe: e outLide of the exclusion area are less than
0. 5 livin / hou r bu t- oma ter t.han O.6 mr tw / hou r ,

4

(***** CATEGURY I CONTINUED ON NEXT PAGE 888*A)
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p[ol hCwing)";an: Anventory of ~5ourch material, . it is . determined .that- a - loss o'1 ' ~
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^ ,a substantial hazard |may result to persons:in'-:
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our TION 1.ib (1.00)
'

WHO is ror,ponc.ible for decisions, and coordinetjon of all inimada atu ac tions.
uring a radiological emeroency?

(44444 END OF CATEGor(Y I 44444)
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UESTION- J.Oi (3.00)

The uestions below concern operating characteristics following a reactor
,

t'.rtup to 4.9 MW without any subsequent changes in experiment loadings or
rperimental f acili ties. Ast;ume the reactor had been shutdown for 3

months.

:) As normal operation continues, WHAT Two (2) effects must be
compensated for by Shim Bank movement? (1.5)

b) As normal opreration continues. HOW will the flun profile of the core
he affected? (.5)

c) Ar, rio rn + 1 opor ation conta nuet,. ano 11 no ad.justment of Nuclear
Instsumentation it. made, WILL the Nuclear Ins t run,entation vield a
coriser veti ve or non-conservat j ve readjng? Explain your ariswer.

(**44* CATEGORY J CONTINUED ON NEXT PAGE 4****)
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(

l-

OJCGTION J.31 (1.50)

WHAT rehttavity effect is caused by the heavy water reflector durings

'
HEATING of the prin,ary light water as a result of a reactor startup? -

E>.p] 'in your answer.

,

!

(***** LATEGORY J CONTINUED ON NEXT PAGE 4****)
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d
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jQUEST10N J.10 (1.00)

- WHEN is Containment Integrity required to be maintained?

I
I

!-

h
t

|-

|
F-

!

i-

I

(
I
!

!-

,.

I
l

f'
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DUES 110N J.13 (1.50)

) WHEN (under whet condition) would City Water be utilfred for emergency f

C r0 C, oD ) i n Q 7

b) WHY at, Cooling Tower Hal:eup secured when City Water tu t;eing used for
Emeracncy Core Cooling?

1

|

l

1

(4*444 CATEGORY J CONTINUED ON NEX1 PAGE 4***4)
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-. QUEST I ON ' =J.14 (1.50) '!
_

I

d "LowlFI'w Primary' Coolant":61erm-has' actuated Io
,.,

,

;c)T.WHATiprotective: action should-automatically;. initiate in response to.
- the above. alarm 7: ,

4 .. ..
.

.

..~ ii
V b);WHY-1s.the: operator cautioned not to restert either or both. primary q

'

coolant pumps'or restore secondary flow to any' heat' exchanger-.'that
~

> _g.
- was secured unless;.all blades'and.the, regulating rod.'are fully:

Linserted?-
> ,

2

?
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I
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GUESTION K.01 (1.00)

WilAl are 'lwo (2) reekons that the reactor is normially shutdown for 40 hours
*.prfor to refueling?

l

(44444 CATCGOkV K CONTINUED OlJ NEX1 PAGE 44444)

.-m._



ww- e

'

|

L t lML..U.hNPLillGL.AND ADBF._ FA8pMRIEJ35 pago 4s

!
i
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OUES110N i:.02 (1.00)

WHAT interloci: ;tn ancociated with the reactor hold-down grid latch? .

-

,

L

6-

i

!

I (84444 CATEGORY K CONTINUED ON NEXT PAGE 44444) 1
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; a

lGUCGTION li . 03 (1.00)

WHAT Tcthnatal Specification criteria must be considered when determining
chat powition the httavy water reflector will be in during refueling? *

?
y

L

[.

L

\

!'

(A4441 CATEDORY I: CONTINUED ON NEXT FAGE 44444)
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I?
4

I

QUE TION K.04 (1.00)

WHAT react.1vaty effect must be considered when a fuel element is removed
,

fr m the core?

b

h

1

;

C

i

(1114* CATEGORY K CONTINUED ON NEXT PAGE 441**)
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DUESTION K.Ob (1.00)

HOW is streaming of aemma radiation reduced when irradiated fuel is being ,

ov:d in the air space t>enea th the top shield?

(#4444 CATEGORY K CONTINUED ON NEXT PAGE 44444)
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DUEllION K.06 (3.BO)

T he f ollowing dato was tal en dur ing a core loading:
.

Fuel Detector A Detector D Detector C
E l enien te p (CR with all rods out) Q

- _ _ _ , , . _ __________ _______________ _ __ . ___ ____

O 270 303 350
" "90 400 499
4 323 526 666
6 3GS 000 1070
G 472 3429 2326

a) Entimeto the n u m tie r of 1uel el emc n t o raeedrid to ao critical. Use
(it 6 pli p o r,4 t o r t v 2 :.lc J . (2.0)

b) W.n b thc suut ce dvlector g e or..e t r y nistasfactory ~f o r each det.ector?
h le4ly e- n p l e i n , (3.0)

t) What acid i t i on e l i nicir niat ion coul d have born obtained so thest the
total wor t ti 01 t l .e c on t.t o f rods could hiive been tent a me tted? (.b)

(***44 CATEGORY K CONTINUED ON NEXT PAGE *****)
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K. _FU(kji(1?iDMNG ANk_QO[g PAR /4METfff3 Page ti3

UEf3TI ON K.07 (1.00)

'Attrr loadiriq new fuel into the core, in WHICH ring will thrt highest '

b t:ligm of U-235 be found? Explain your answer.

t4**** C4'lEGORY K CDfJTINUED ON NEXT F AGE *****)
_
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V. FME1_Jy3)iPl.1 NG AND CORE PAR AMET,Ef1Et Page S4

OUESTION K,09 t1 SO)

I
*GTATE Two (2) pa r an,c t er c that must be observed during movement of fuel in

th core which would require notification of personnel on the reactor top?'

.

t

'I

t' 4 * 4 * * CATEGORY K CONTINUED ON NEXT PAGE 4****)
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,-- QUED T I ON h.10 (1,00)

! HOW MANY core positions may be empty at one time during a refueling?
,

.

<

!
,

:
i.

;

i

:

i.

f.

I

d

I

i
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N.L_f_LEL HANDklNG AND CpBG_ PARAMETERS Page 67

|

GUESTION K.21 (1.00)

f** k
rrom HOW MANY positiorm wjthin the core,can fuel elements / dummies-be ,

: transferred to the tru.;fer cssk?

|
,

:

(***** CATEGOPY K CONTINUED ON NEXT PAGE *****)
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T.3.,., Nota fReactor'ThermalEPower (.5).

-

-

sg

jb),

y ,Rdactor/ Coolant Total Flowrate ( . 5 )-
'

- Rractorfcoolanticutlet Temperature-('.S)
.
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H; FEdQTOR THEORYi page 79

4

I
|1NGWER H.13 (2.00)-

'

Fp ~ : 1rection of total power generated by the f uel -( .S)
,

:Fhes hot channel factor, power in hotest coolant channel / ave. channel pwr
(.5)

d f . t. flow disparity, min expected flow in the hot channel / ave coolant flow
(.5)

F1 ' af- f rac tion of primary flow cooling =the fuel (.5)

REFERENCE

t11 T R -' T 3 2.1'

- ANSWER Halo (1,00),

.D'(1.0)

REFCRENCE

RJactor Systemt t1anual 30.9

(44441 END OF CATEGORY H *****)
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'.. j RADIOACTIVELMATERIALR_tiANDLING DISPOSAL- Page.80
. A,J1 D H A Z A R TsS

.

i

.

:

'Qg,QM[fANSWER 1.G1 (1.00)-
p.
( A L ( .14 0 ) '

,REhERENCE

F* Re:c tor Systerns Manual' 1.14 -I

le
'

;

p .
.

)
.

EANSWER I.02 (2.50)

A/w-4.' & n/sPi- In take. l . b ) and Exhaust (.S) butterfly dampers close
~

g / gge
Intake.(.S) and Exhaust (.S) fans stop
Auxiliary Fan Etopu t.S)
Can 'pr B/*w WW '

.REFERENvi

: Reactor Sysiemr M+nual 8.1S I

J
~

.i. .

. ANSWER = J.03 (1.DC) |.
It ). Genima. Scin t ! 11 a t i on (.7D)

:b)~ Sewer. Pun.p Trtpc (.75)
. . . + /W"

REFERENCE-

React or Syst enm Manual 7.4.2

e

I.

= ANSWER. I.04 (1.SO)
|

7sf'/rwM i
^1,' C: , L ,- ' r,i- t i ca - ( . 5 )

!' Avoid skin contact (.D) and breathing D20 vapor (.5) !

REFERENCE.- )

Proccdures Manual 5.3.4

1

=

ANSWER. I.05 (1.60)

Count thr, ac t n i ty of the Indium Foil (.5) atop the individuai 's film badge
- ( =. S ) . ' Activity cf this Indium indicates neutron irradiation (.S).

(*4t** CATEGORY I CONTINUED ON NEXT PAGE *****)
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|

= REFERENCE

: F roc'-dures .hanual 4.4.4.10
.

,NSWER I.06 -(1.00)

.W~ h the.affected area with soap (.5) and lukewarm (.25) water (.25).

REFERENCE

' Proc ~,dures Manual 4.4.4.jo page 4
!

-

,

ANSWER I.07 (1.00)

Whole jody J .2S Rem /Ot r (.5)
SI:i n - 7.5 Rom /Otr (.5)
Es tr.. rni t ies 10.75 Rem /O tr (.5)

REFERENCE-

RPO. Appendix 2

'i

: ANSWER I.08 (1.50) j
' Minim 2ze-time near t. h e nourcc- ( S)

-

M :>timi ro distance tietween the worker and the cource (.S) j
.utili:e chieldinq.ta reduce radiation IcVelc (.b)

|
|

REFERENCE ,

1

1St7ndard radiation worker knowledge 4

|
!

.(3N WER I.09 (1.00)

.Iu.(('1 R/hr)e^ .52*2 (l'.0) from I=Iose^-ux
i|= i36 R/hr
,

1
REFERENCE j

J

X# d
- !i

i
1
|
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' ANSWER- J.Ol' (3.00)'

.')/ S h o r t'-1 i v e d fisuion product poisons (.75)
Fuel--burnup (.7S) '

.

6f, r\&cper*M EHec+
'b)f-The axial flux profile moves upward in the core (max flux moves upward)

(.5)
s .,

c) Non-Conservative (.25). Flux redistribution decreases the flux seen by I
-the.datectors (.40) even though total power is still the same (or
greater) ( . 35)-

: REFERENCE-
.

"Procr:ddres Manuaj-2.4 psge j

,' ANSWER J.02 (3.00)

a '' T ne risc;u l a t i n g t od will drive in to compensate for Xe burnup.(.S))-

.

'h ) L Fully-in6erted (.51

.;c)1.One Shim Blade ( .the one selected) will rundown (.b) (30 seconds).after
the Regulatdng Rod reaches its near-in position (.b). The other Shim
Bladen wj11 main t oj n t heir original position (.5), because they are not
affectod by the rundown ( S).

' REFERENCE

Procedur us tbnual-2.4 page 3

: ANSWER. -J.03 (2.25)

: Primary' Flow Rate (.S) and delta T across core (.25)
Rnf i:fc tor (D20) . Flow Rate (.5) and Reflector delta T-(.25)
Shield Flow Rate (.5) and Shield delta T'(.25)

REFERENCE

-Ptoc::dures Manual-2.4-

(t**** CATEGORY J CONTINUED ON NEXT PAGE *****)
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i

'

?

ANSWER J.04 (1.00)

; .24 hourt (.5), the graphite reflector takes a long time to reach thermal
,

! Equilibrium (.5).

[!REFERENCE
,

i ',
FC c tor Sys tems Moneal-6.4

-ANSWEF. J.OS ( 1. ,2 D )

Foter. convection valvku on the lower part 01 the core shrouri (.b) will open
when preuture above the c. ore exceeds the presecure below the core (.75)
2110 wing noturt.) c i r t.ul a t ;i on coolinti to occur.

REFEFENCE

.RDettor % strmc Manus)-3.1S

. ANSWER J.06 (1.50)

&ff ddW/ ko
Neutront. pr oduer:d t y the reactor (.,+4. ) e t: m, m,4 a - : .

' ;
a l,

*'

n: , ,m - , , 1 1 4 ,,,..,,n, tyg 3 n ,, nn .s , . m , u ,_ r=,_, ,3)

s whic.o c c,n t ai n r, a ', * ' - c'l clightly Onriched U--235 t-r + ) , is irr&diated
i and produces fact neutrons from fissicn (J.

. REFERENCE Md 4

.Pc6ctor Systems Manun3-2.3

c

ANSWER J.07 (1.00)

D20'D11 ster Tank (.25)
H2O Shutter Tank (.25)
Boral Shutter (.25)
Lxd Shutter (.25)

REF ERE NC'E -

-Reactor Systems Menual-2.11

i

(8**** CATEGORY J CONTINUED ON NEXT PAGE 44444)y
q w._.
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ANSWER J.08 (1.50)

2. Et C,D,E_(.25 eath) fc/gNe ./ *g''sa M 4
.

,

2. D,C (.2D) ,,s-Ja. J ';sa sgegg

iREFERENCE

M11R, TS page 1-I,

. ANSWEl< _ J.09 (1.00)

Und7 0 cranda tion of a nadeaue t ta von i i 1 a t .1 on foi)owing a period whch the
re ctor m 4 operetinu (1.0).
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