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U.%. NUCLEAR REGULATORY CCMMISSION PEGION I
OPERATOR LICENSING EXAMINATION REPORT

EXAMINATION REPORT NO, 50-020/88-02 (OL)
FACILITY DOCKET NO. 50-020
FACILITY LICENSE NO, R-37
LICENSEE: Massachusetts Institute of Technology
136 Albany Street
Cambridge, Massachusetts 02139

FACILITY: Massachusetts Institute of Technology Reactor (MITR-1!)

EXAMINATION DATES: September 12 & 13, 15882
/cz/;/ge.
ate

CHIEF EXAMINER:

APPROVED BY:

/"

SUMMARY: Written and operating examinaiions were administered to One (1)
Senior Reactor Operator (SRO) candidate and Une (1) Reactor
Operator (RO) candidate, Both candidates succesfully completed
their respective examinrations and were granted licenses,
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REPORT DETAILS

TYPE OF EXAMINATION: Replacement
EXAMINATION RESULTS:
| “SRO | 10 |
| Pass/Fatl | Pass/Faf) :
T |
| | | |
|  Written | 1/0 | 170 |
| N | |
| | | |
| Operating | 1/0 | 1/¢ |
| | | |
| | | |
| Overall | /0 | 170 |
| | N |

SEE A — B Uy ———

CHIEF EXAMINER AT SITE: E. Yachimiak, USNRC
OTHER EXAMINERS: D. S1lk, USNRC

1.7 Generiz Strengths

The following generic strength was noted during the administration of
the operating examinations. This information is being provided to the
licensee 'n recognition of the efforts of the Nuclear Reactor
Laboratory (NRL) stafr to adequately train and qualify their NRC
license candidates.

Both candidates displayed a thorcugh knowledge of the security plan
which has been implemented at the MITR-1I. Each candidate briefed the
examiners on the confidentiality of the security plan and explained
the 1imited "need to know" nature of the security system. Each
candidate was familiar with the immediate and follow-up actions for
security violations, as specified in the procedures, and was able to
discuss each action in detail,

2.0 Personnel Present at the Exit Meeting
J. Bernard, Director of Operations, MITR-II
0. Harling, Director of Nuclear Reactor Laboratory
K. Kwok, Superintendent, MITR-1I




Attachments:

1. RO Written Examination and Answer Key

2. SRO Written Examination and Answer Key

3. Faci1i*v Comments on the Written Examination
4. NRC Response to the Facility Comments



ATTACHMENT 1

"

U.S. NUCLEAR REGULATORY COM-ISSION
REACTUR OPERATOR LICENSE EXAMINATION

Facility: MITR-1!
Reactor Type: hesearch

Date Administered: _ 88/09/12

Examiner: Gordon Robinson
Candidate: ZMap teq

INSTRUCTIONS TO CANDIDATE

Use separate paper for the answers, Write answers on one side only. Staple
question sheet on top of the answer sheets. Points for each question are indi~
cated in parentheses after tne guestion. The passing grade requires at least
70% in each category. Examination papers will be picked up six (6) hours after
the examination starts.

Category X of Candidate's X of
Value = Total Score Cat. Value
PUN- T U NN — ks A. Principles of Reactor Operation
14.0 14.0 R L B. Features of Facility Design
14.5 14.5 — " C.  General Operating Characteristics
14.5 14.5 S al kel D. Instruments and Controls
14.0 14.0 N o E. Safety and Emergency Systems
4.5 14.5 R kol F. Standard and Emergency Operating
Procedures
40 140 L i G. Radiation Control and Safety
1000, —

Fina)l Grade %

A1 werk gone on this exam is my own, ! have neiiher given nor received aid.

tandicate s o1 gnature



NRC RULES AND GUIDELINES FOR LICENSE EXAMINATIONS
UrFing the aaministration of this examination the following rules apply:!

1. Cheating on the examination means an automatic denial of your application
and could resuit In more severe penalties.

Restroom trips are to be limited and only one candidate at & time may
leave, You must avoild all contacts with anyone outsicde the examination

room to avoid even the appearance or possibility of cheating.
Use black ink or dark pencil gnly to facilitate legible reproductions.

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

Fill in the date on the cover sheet of the examination (if necessary).

Jse only the paper provicded for answers.

Arint your name in the upper right=nang corner of the first page of eacnH
secticon of “he answer sheet.

Consecutively number each answer sheet, write "End of Cateqgory __" as
appropriate, start each category on a nNew page, write only on one sice
of the paner, and write "Last Page” on the last answer sheet.

Number each answer as to category and number, for example, ' .4, o.3.

Skip at least three lines between each answer,

Separate answer sheets from pad and place finished answer sheets face
gown ON your desk or table.

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

The point value for each Question (s ingdicated in parentheses after the
Qquestion ard “an be used as 4 guide for the depth oOf answer requirea.

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

Partial credit may be given, Thereénre, ANSWER ALL PARTS OF THE
QUESTION AND DO NOT LEAVE ANY ANSWER BLANK.

14 parts of the examination are not clear as to intent, ask cuestions of
the examiner only.

You must sign the statement on the cover sheet that indicates that the
wOrk I8 your own and you have not received or been given assistance in
completing the examination., This must be cone after the examination has

Deen comileted.




18, when you complete your examination, you shall:

Assemble your examination as follows:

(1) Exam guestions on top.
(2) Exam aids = figures, tables, etc.
(3) Answer pages including figures which are part of the answer,

Turn ir your copy ©f the examination and all pages used tO answer
the examination questions.

Turn in all scrap paper and the balance of the gcaper that you dig
not use for answering the questions.

Leave the examination area, as defined by the examiner, ¢ after
leaving, you are found in this area while the examination is still
in progress, your license may be genied or revoked,
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QUESTION A&.01 (2.3

(8.2  Your reactor s subcritical by 4 percent delta KK, |
Tour startup channe! reads 20 cps. When the count
rate has ncreased to 200 cpe., WHAT (8 the neu |
K=gtdéective, SHOW ALL WORK, Usefu! eguations are
appended ta the #nd of the exam, (2.0

S -T TRUE or FALSE? For a given amount of positive
reactivity ingertion while the resctor 13 sub=-
critical, the closer the resctor is to critical
the larger the change in countrate, (0%

QUESTION &,02 (2,00

Twa minytes af#ter & SCram Cf »yOuPr reactor #rom sull power,
B significant number of neutrons are stil) present in the
Core. List the maJor sources of these neutrons ang state
the Oorigin of each source., (2.0

| QUESTION  A.03 (2,0

, Indicate whetner the sollowing statements concerr.ng
| ¢n|;won proguct poisening are TRUE or FALSE sor the
’ MITR=11.

1 b. The amount oF positive redctivi v needsd 1o ouer=
come the equilidrium valye of xenon=13% poisoning
at 100 percent of $yul) power I8 twice that needed
. t0 overcome equiliDrium xenon=13% at 20 percent
| power , (0.9

s UpOh Shutting Cown the resctor after an ectended
I Fun st #ul) power, the «enon coOnCertration perss

Approximately eleven (11) hours after shytdown, 0.9 |
S When incressing power srom S0 percent power atdter
. txtended operation) to 100 percent power, the
#nOn=13T concentration initially decrenses ang
then incresses. (0.®
|
_ 3. Shutting Qown the reactor from Syl power caudes
the samarium=149 concentration to change. 0.%

seess CATEGORY A CONTINUED ON NEXT PAGE senss)



P

@,  PRINC[FILE: OF REACTOR QOERATION

QUESTION ».04 (2.0

buring & normal startup Lo full power after severs! weers
of maintenance, the reactor i placed on & 40 second
period. The nitial powse 13 100 watts, With no rod
movement, wou'ld this resctor period be sustained for @

minutes? Bhow your calculations and JUSTIFY your answer, 2,00

AVESTION A.0% (200

In & suBeritical reactor, (¢ o redactivity of 0.003 Seita
KK I8 added to the reactar, will 1t take longer %o raach
eQuiliDrium 4 the in.tial Kegéfoctive 19 Q.98 or ¢

Eegétective |8 Q0,999 Briedly justidty vour choite., (3,9

QUESTION -, 08 (2.0
“ critical resctor 18 placed on & stable reactor periog at
low power . When medsured with a stop wateh, the doutling
time was 3T seconds., WHAT s the approximats react vty
which has Deen inserted® SHOW ALL WORK, Useéy'! equations
are appernded to the end of the #.am,
QU‘STxm ﬁ.(" ‘-200‘
Indicate whether the follcwing statements are TRUE or FaliE.
In genersl ax shim Blades are raised:

8. The axia) spytial 1cation of the point oFf mar mum
flux will be higher,

B, The magnitude of the #lys in Part 3,0 will be
nereREed,

Se The magn tucde of the P ermal neytrom $lux available
Bt the Deam port reentrant thimble tips InCreddes.,

@, Fower Qensity decresses in he A ana B rings,

essee END OF CATEGORY w ssesss.
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QUESTION 2.01 (2.8

Oraw & sim le schematic of the Heaur Water Redlector Clean~
up Sretem, Inzlude the $allowings

a. A1) major components., Indicate direction of ¢low

Detween components, (§.9
B. Locatiorn of gutlet ¢rom the retlector tank ang
location ué return to the main +low sratem, 0.9
S+ Location of al) ¢l1ow, temperatyre, and conduetivit,
measur ing devices., 0. %
QUESTION B.02 (3.0

Consider the HWeavuyr Water Wel ium Gas Srstem,

. Grve TWO (2 reascons WHY helium i3 used Instead of
AP in this sryetem, (1.0}

. WHAT TWO (2) operating conditions of the recombiner,
tF mat, assure that the deuter ium cancentration in
the cover Qas will not exceed & percent By valume. (1.0
O‘UiﬁTfm .103 '2c°)
Eriedly gescribe HOW normal shytdown cocling (s obtained
AN WHAT operatar actions must De taken to CBtAIN Mmacimum
'-‘Mo '2.0*
QUESTION B.04 (2.0
-ongider the Reactor Building Ventilation Svetem,
Ay MY s 0t mportant to place the awitch that
proviges 'ocal zontre)l of the main intake Jamper
I the "Weskend~coen” pOsItiOn whenever the Byilag=
ing 18 lest ynattengea” (1.9

B Briedly gescride WOW the rescter builging
Jisferent 3l pregaure 8 Mmaintained, -5

sesse CATESORY B CONTINUEY ON NEXT PaldE sesss)
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QUESTION $.0% (1.9

Eried)y descrite the THREE (2) step process uted to senl
R Primary Deam port,

QUESTION B.0¢ (2.0
Consider the reactor core configuration,
a, Brief)y supiain the method used o number the
fue) slement positions In the three rings of the
reactOr core,

Be WM are the fuel elements Jesigned to be axiall.
sommetric?

QUESTION  8.07 (2.0

(1.9

(1.00

(1.0

In accordance with sour techmical specifications, 'ngichate

the ¢follawing!

By Minimym primars coolant sretem $10w rate 2t fuld
DoOwer cperation,

Dy Mauimum power level with AQ primary CoC'ant pumpd
hooperation,

€. Maximym allowable Bulk pool temperatyre during +u
POwWer Qperation,

d. Minimum water leve)! abOove COre (YOU MAY UEe the
Querdicw PIiDe B8 B redterence POINt (F Oy wiIBh,

sssss END OF CATEGORY § sesss)

(0. %

B
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QUESTION C.01 (2.0

WHAT inélyences the magnitude of the negative

Feactivity inserted when the heavr water reflectar i

dumped Juring » major scram® Briefly explain WWY this

ThANGe N MAgn | tude aCcurse. TR

QUESTION C.02 €(3.0)

The temperature coefficient of resctivity $or the MITR-]!
encompasses TWO (2) distinct phenomena, Both insert negas
Tiue  TORCLIVItY With AR INCreate N temperature. Bries!.
SERCFIDe the reason for thig reactivity change sor EAlM
phencmencon., (2

QUESTION (.03 (1.9

Indicate whether the following statements concerning
Promary svetem water chemistry asre TRUE or FalL3E, Corn-
f100r each statement separate!l .,

8. 1t (s permissible to operate the reaztor ¢ the
BH ualue 8 in eacaes 2F T.0 F the cause of the
Righ pM I8 known, ‘0.9

By I s permisaible t2 cperate ‘he reactor ¢ the
COnGuctivity excoeds 2.0 micromhos when the
CRUSE 0% the RuCess (8 Known And I8 not related to
the fuel or to the primary system s integrity, (0.9

o It e NOT permissible to cperate the reactor 4
the chlior.3e resgding 3 in sxcess of & pem., (9.

ssses CATESORY C CONTINUED ON NEXT PAGE sesss)



‘ QUESTION C.04 (2.0

During +yll power cperation of your reactor WHAT change in
position of the regulating red, ¢ any, will be required to
Maintain a conrtant power level 1€ reactivity changes occur
By the following means: (Assume each change occurs
independent)y ) '

4, Light water leaks into the heavr water reflector, - B

B: A large pulyethelene samp’y 18 injected Iinto the
reflector tenk reentraat ¢t imble using the pneumatic
tube assembl» 2PHI, 0.9

€y The heavy water Blirter tank sudden!y floods while
oparating with the medical tnerapy room in use with
3!l shutters open, 0.5

<@y A TarQe piece of cadmium 18 injected Inte the
Qraphite redlection region using the pneumatic
tube assemb) » "“2. (003)

QUESTION  C.08 (2.0

Give TWO (2) reasons WHY the regulating rod reactivity
worth per inch withdrawn s greatest at the beginning of
rod withdrawal (first inch witharawn), (2.0

QUESTION C.06 (2.9

During the previous week the reactor was cperated at syl

power f0r six hours a day from Monday unti) Wednesdar after~
neon, The following Monday an additiona)l sample was loaded
Inoan orificed sample assembly, Briedly describe WHAT
information s required to obtain an estimated critical
position, Assume no new fue) s agded. (2.%)

QUESTION c.0? (1.9

The fue! managemenct pattern at the MITR-I! ysuall~. calls

for refueling when the critical shim bank position reaches
10 inches.,

B, Approximately WHAT (g the COre excess reactivity
At this time? 0.

Be WHY 18 this excess reactivity necessary? (1.0

(esses CATEGORY C CONTINUED ON NEXT PAGE sssss)
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QUESTION  C.08 (.o
Indicate whether the following are TRUE or FaLSE:

8., 14 in the process oF refueling, fresh fuel |9 placed
i the Bering and partiallyr=spent fyel is placed in
the A and C=ringe, the net resuit s to concentrats
power in the center of the core., (0.9

B, Replacement o¢ an orificed sample assemb!y with &

fuel slement increases the power density in  he
ne Qhboring elements, (0.9

remees END OF CATEGORY C wssses)
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QUESTION D.01 (2.

A, Briefly describe HOW 3 ¢#i3sion chamber Jetects
neytrans, r

o

-
-

By Bried)y descr ibe HWOW ynwanted signals from gammas
ANG alphas are removed #rom the Sutput signa! of
fisRien chamber, (§.0)

AWEITION 0.02 (2.9
Curing automatic coeration, the regulating rod (& ariven |
O the near~in position By & slewly INCPeABING PoRCt iUty :

transient .0, cenon Burnout:, Explain the reactor contre!
tritem s response (¥ no coerator action i3 taKen, i2:.%

QUESTION .03 (2.3

ingdicate which of the Following are interlocks which must
Be Satisfied in orcer to obtain initial Blade motion

‘Wi tharaw = permit interlocksl |

b, Hold=down grig latched v

B Two out of thrae of the Fower Leue! Chanmels '
‘Channels 4, %, ang &) on scale 9.8 ’

Co Main tank &t suerélow

2. Inner and or outer main lock Gaskety presayre
gl tehes closed L

¢ Primar, coolant 1o greater than 1800 zpm .= :

sesee CATEGORY 0 CONTINUED ON MEXT PAGE sesse)
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QUESTION D.04 (a0

The "SUB-CRITICAL POSITION® interlock circuit provides &
COnven I ent reference point At which the coeratar can

DAUSE 'O make » complete instrument check Defore Bring~
Ing the reactor to criticality, List TWO (2) other
FeasOns this nterlock 18 (neorporated iAte the shim Blade
sontrel gircyi t,

WUMAT cperator ast i on wi.) cause the " ITHDARAL PERMIT

CIRCULT OPEN® scram alarm to activate without causing the
reactor to scram?

QU"‘”W 0.00 ‘2.3‘
B, Broet)y sxplain WMY the reactor must be held at
. SONEtANY power twenty= fQur hours for thermal
eaquiliBbrium to be reached.

S, 0Once thermal sauilibrium (s resched, WHaT adarmat an
I8 needed o calculate thermal power?®

QUESTION .07 (1.9

Briedly gescripe WOW the cunguctivity 2el! in the primars
ttolant measures the ComQuctivity oF the water.

seevne BNl OF CATEGORY [ sssewn
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QUESTION  E.O01 (2.9

Ingicate 1 the electrica) 1oade Yisted Delow WILL or
WILL NOT sutomatically e supp)ied By the Emergency Power
Digtr iBution Svstem (¢ norma) power faile,

a. Startyp channel Neo, | (0%

B. Reod control (0.

2. Core purge Blower ‘0.9

3. Maghet power DM

¢, Prumary coolant suxiliary pump (MM ‘0.
QUESTION E.D2 (1.9

Indicate whether the #2]11owing QUESTIORS CONCerning the
Containment Fressure Relied S-stem are TRUE or FaLiE,

B. This srstem (s intended to De used %2 relieve 3l
trpes OF pressure Buildur in the Building containe
ment, (9.%

Be This svetem wil) aytomatically De actuated i+
the containment pressure reaches 2.0 poig. (9.8

So This sratem’e charcoal filter is Jdesigned to absert

MOst ‘aporor imately ¥ percent) of the odine
that may B present in the exhaust air, 0.9

AQLESTION E.03 (2.3

Cons i der Emergency Cooling,
Moge I ofF Emergency Cooling assunes the leve) n
the Core tank canncot Do MAINtRINGE At the Quers! ow
Tevel, But 1t hae Deen Jetermined that 1t s n3t
aropepirg Selow the reactor inlet penetratian,

8. Br i 0¢) s gescr e the #12w path tthrough *he

care. 140

By Ingicate *he THREE (2 means &> wh gt heat
I3 removed $rom the orimary avstem, ()9

Ssese CATEQGORY £ CONTINUEL 0N NEXT PR(E evese)
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OUESTION  E.04 (2.9

Con;‘oor the Main Core Tank Leve! Indicators ‘ML=3& ang
ML=38) .

8. Briedly describe the principle of operation and
arrangement used to produce the main core tank leuel

ingdications, (§.9
B, Indicate the gisferences in cperation of these leus’
'ﬂdlCOQOP‘. ‘1'0.'
QUESTION E.0% (2.0

WHAT are the Qdidferences (n circyitry, (¥ any, Detween a
BCFAM CAUSET By & BhOrt per 0@ ARG A ST AM CAUBEd D low

grimary coclant ¢#low, (2.0
QUESTION E.0¢ (1.9

In ag@ition to dropping the shim Blades, 'ist THREE 3

Jther aytaomatic actions a MAJOR SCAAM initintes. (1.9
QUESTION g.07 (1%

Ingicate the SCRAM setpoints for the +o)lowings
8. Roactor pericg
B: Primary ceclant low +low (0. %

€o LOW heavy water ¢1ow L.

cessse END OF ChTEGORY E sesee
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| £ STSQARD AND EMERGENCY QPERATING SEOCEDURES |
|

QUESTION  F,01 (2.%) '

. Consider the tem orary Brypassing of & sadety function NOT 1
Feauired by Technical Sowcidizations, |

b 14 mot part oF an approved procedure, liat the
THREE (3) pecple (B~ Job title) who should approve

I

' the Dvpase, 1.0

J

. B JMAT THREE (3) actions must De taken adter the |
' Physical installation of & Jumper? 11,9

; |
j QUESTION  F.02 (2,00 |

Other tham Fadiatian monitors AnG their alarme, nQdiCate
fuo (&) Tikelr ingdications of & fuel element clagding
*RiTure A% given in AOP 2.8.2 *Figsion Product Detect~
! 1Oh in the Primary Coolant*, (2.0

QUESTION  F . 03 (2.8

':;v;n"oo!eu Pisteg malsynctions ingicate whether the !
(TEeT I Ate actiong reauite 2 MAJOR SCRAM, MINOR SCRaM

SHUTDOLN BY ARD, or NO SWUTDOMN (3 required, -uwm.tno

TRACROr W operating At full power an@ MaAR MOt SCrammed |

Automat zally ama that ng other abnormal songitiong have
Teen noted, |

e

B, = Feriog Channe! Leve! Signal Qeé~Bcale alarm

ﬁ SCCyurse., (0,8

l - .

. B, W Low Flow Transder Pump wlarm sczurs. 9.9

! T The Low Flow $hiela Coolant alarm -1 L4V RY .9 ;
s * Low Flow mygxils ¢ Pump MMI Alarm oCcurs. (9.9

e, & Low Presaure o cuve@ Alr alare PCCUrs.

L
e ]

| sesse CATEGORY F CONTINUED ON NEXT PAGE esees)
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E.  STANDARD aND EMERGENCY QPERATING PROCEDURES

QUESTION F.04 (2.0)

A "High Pretsure Reactor Inlet’ alarm occurs (ROP S.2.11>

while vour reactor s at full power, In addition to an

increase in the heat exchanger cutlet pressure, Indicate

FOUR (4) other conditicons that, ¥ 2ny one of them exist,
require the operator to scram the reactor, (2.,0)

QUESTION F.0S (2.0

In accordance with vour Technical Specification detinitian,
ligt the FOUR ¢4) types of reactivity changes that con-
gt .tute variabl~ reactivity, (2+:0)

QUESTION F.0é& (2.0

= serious fire occurs in the control room whils the

reactor is at full power. In accordance with 0P S.7.3,

"Smoke Detector Svastem", WHAT actions should the reactor
operator perform (¢ possible) prior to evacuating the

control room?® (Assume al) required perscnnel have

Seen notified,) t2:0

QUESTION F.07 (1:9)
(rdicate whether the fcllcwing statements concern i ng
@ normal Kot weather reactor startup to full gower
(S0P Z2.3.1) are TRUE or FALSE.

2. [¥ the reactor 18 nat critical when the shim Sank
duceeds the estimated critical position by 0.9%
tnCches, the shim bank must be |owered to (.0
ifnches or more Belcow the sstimated critical
positian, 3

B, When | MJd o0f resctor gower (| § reached, a ¢iue
minute scak period '3 maintained to allow the
reactor core and primary coclant to agproach
thermal equilibrium, (0.®

S Batwesn %0 KW andg 300 KW a 20 to 40 second pericd
' B recomnended (6.%)

(wmass ENOC OF CATEGORY F ssass)



GUESTION 5.7 (1.®

Ooes the biclogical effect of 10 Rem depend on whether
v 18 & neutron or gamma dose?
Briefly explain your answer,

QUESTION G.02 (2.0

= radiation suyrver meter i ocated one foot from a
imall single radiciostope sample and reads 100 mRem/ hr,
Fifteen minutes earlier the reading was 200 mRem hr
With the meter in the same position, HOW long must

YOU wailt until the radiation level drops to 10 mRem hr?
SHOW ALl WORK,

GUEST I OM 3,02 (1.%9

In accordance with the R.quired Procedures for Radiation
Protection indicate whether the $o0llowing are TRUE or
FQLS .

&, Liquids are NOT allcwed to be placed inte a
co’'ecticon container designated for $olid waste,

(A}

It IS permissible to place a small bottle
containing low level radicactive water into a
“Liquid Radicactive Waste" collection container,

e [t 13 permizaible to dispose ofF & 3
radicactive piece of meta)l in a coll
dJesigriated fcr g0l i1d waste,

pound slight!.
ection ¢ atainer

sesse CATEGORY G COMTINUED OM MEXT PAGE sssss)




QUESTION 5.08 (2.0

A portable radiation monitor indicates a reading of
S0 mr hr at a distance of 10 feet ¢rom what could be
considered a radicactive point source (gamma emmitter),
You are required to work on a valve located S feet from
the scource, 7oy estimate the jom will take 10 minutes.,

WHAT dose would rou expect ceive I ¥ ryou worked on
the valve for 10 minutes? | .4 ~LL WORK. (2.00
QUESTION G.0% (2.0)

Congider the Core Purge Monitor,

2, WHAT tvpe of detector igs used In this moniter® (QsD?
. Describe the automatic actions which occur ¥ the
"High Radiatior Core Purge” alarm is actuated, (1.9
QUESTICN GQCO ‘:100;'

Af operator enters an area that g posted as 3 "radiation
area” (as defined in 10 CFR 20), He performs a Job that
takes him 40 minutes to complete, WHAT i3 the MaxIMLM

dose he could expect to receive? 1.0
QUESTION 6,07 (2.0)
_ecording to 10CFR 20, am individual in & restricted ares

mary De allcwed to receive a whole body dose of radiation
greater than 1.297 Fems per calendsr quarter under certain
tonditiong, MName the conditions.

(]

QUESTION 3.08 2.0

Qive the following infarmation concerning N-18:

3, HOW i3 N=l¢ produced? {93
O, WHAT 8 the primary hazard asscociatesd with the
production of MN=j&? 0.9

g . [ N=1ls a ragdiation problem whan the reactar |4
shutdown? Erie¢)ly sxplain, «i.0

Teessss END OF EmM sssse)
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f = ma v e/t Cyrcle efficiency = (Networx
. . . out)/{Enargy 1n)
v %W siv°t~1/21t2
£ o uc? ‘_
KE = 172 & Lo (V= V)t A e AN A s Ayt
PE = agn
Vgo ¥, +at w s/t A e mz/t, - 0.693/t
Weve T 2% * (n_uzy_ﬁ_’.(‘ )(ty)]
' i) * (%)
&€ = 931 @
[*s [ c
q = aCpat
§ = uAat t~1 o
Pur ® W gan [ = x 10°%/TVL
VL = I.J/u

g polosur(t)
P w Po.t/T

SUR = 26.06/T

SUR » 250/1* + (8 = o)T
T o (5%0) * C(8 = 0)/20]
Te= (s =-8)

T e (s =0)/(2a)

o = (Kepr1)/Xopp * &Kopo/Kops
o = [(a/(T ‘.ff)] * [i;ff/(I “:+)]

P = (2av)/(2 x 10'9)
L =aN

um'_vasn

1. = 8,345 Tom.”
:l * 1,78 liters
1 ' - 7.:: gal. 1
Density = 62.4 w3
Density = | :/
Heat of vmr'luﬁ« = 970 8cu/lom

Meat of fusion = 144 Bty/lbam
1 Ata = 14,7 psi = 29.9 in. Mg.

HYL = <0.893/u

SR = S/“ ® ‘.ff)

Ry * VT = Keppn)

QR (1 = Kappr) = Rl = kpga)

T = 0.) seconds

M= ‘/(1 -K‘”) - CRI/QO
ne(le ‘cffo)/(l a
SOM = (1 - K
t* = 107

Kers1)

of £)/X gt
S.CDM:

hé 3 xz‘z

ey £ o gy ? p

R/hr = (0.5 CE)/d“(natars)
R/Nr = § CE/d% (feet)

Miscell onversions

x 10'%ps

o-‘ Stu/nr
Stu/nhr

1 3.7
1 «2.211
1 hp = 2.54
1 e = 3.4)
1in = 2,54
*F = 9/5°%C + 32
°C =59 (*-22)

1 8711 = 192 S0 10¢



Coprecked amsnmcr

sperd
a PRINCIPLES OF REACTOR OPERAT
ANSWERS == MITRII -~ 88/9/12 - ROBINSON, G.
ANSWER A,01 (2.5
a. GCR2 = 1-(Ke$él) =10
CR1 |=(Kef$2) (0.7%
delta K/K = ~(Kedél) 047 (Ke¢¥¢l) = 0,962
(Ketsl) (0:%)
1=:962 == = 10; Kef$2 = ,9962
1=(Kefé2) (0.7%)
b. TRUE (0.5
REFERENCE
Reactor Physics Notes: Reactor Startup and Reactor Sub-
critical Multiplication p. 8.
ANSWER A,02 (2.0
Delayed neutrons from fission fragment decay oy
(i.e. Br-87 with a %5 second halé=life). Qi
Photoneutrons from gammas (from fission fragment decay)
which interact with deuterium (in the heavy water Goos
reflector), ( (75

Newtronrs—irom—rretritteg—esource—potomtumr—and bersdliun . (S
(CAE this—source may Have tvemr removed—or—te—trre i g~

nidicamt, ¢ so, adjust point value to 1.0 each for above
answers,)

NOTE: Information in parenthesis NOT required to receive
full credit for answer,

REFERENCE

Reactor Phrsics Notes: Reactor Startup and Reactor Subcritical
Multiplication p. 7 and Reactor Kinetices p. 11,

ANSWER A03 (2.0)
a, FALSE (0.5
b. FALSE (0.5
¢. TRUE (0.%
¢. TRUE (0.5
REFERENCE

Reactor Systems Manua) 10.7

Reactor Physics Notes: Reactivity Feedback and Measurement cof a
Xenon Transient p., 24, 20, 32,



o PRINCIPLES OF REACTOR OPERATION
ANSWERS == MITRII - 88/9/712 - ROBINSON, G.

ANSWER ~.04 (2.00
P(t) = P(o) exp (t/tau) = 100 watts exp (480/60) (0.5
P(t) = 298 kw (0.%)
ye s

increase 'n moderator temperature woc+1h1mmrﬂvirffot~
m«##vww decr woF Amzwc nokreteble (1.0
Unbkl! abost + P& 4. ¥ Closiivy Swess ‘W oplre s

(Note: The temperature reactivity feedback effect becomes apparent
at approximately 100 kw, SOP PM 2.3 p. 3.) wem ' 7hs /s /v’

REFERENCE

Reactor Physics Notes: Reactor Kinetics p. 4
Reactor Syetems Manual! 0.8

ANSWER A0S (2.0)
The case when K-effective is 0.995 will take longer to
reach equilibrium, (0.9

The nearer K-effect is to one, the longer it takes to reach
a new steady state, because of the incre.sed number of
generations which exist with the increased population, €1.9)

REFERENCE

Reactor Phye.ce Notes: Reactor Startup and Reactor Subcritica)
Multiplication p. 8, %, 10,

ANSUWER A.068 (2.0
Period = D, T = 20 §¢C = S0.95 sec (0.5
L &693 693
Reactivity = beta /(1 + lambda x tau) (0.5
= ,00785/¢1 + ,08 x S0.,.% (0.5
= 00154 delta K/K 0.5

or 0,198 beta

REFERENCE
Reactor Physics Notest: Reactor Kinetics and Contro! Reod
Calibration by Reactor Pericd Measuremeni p. 3, 4, 14, 18,



A, PRINCIPLES OF REACTOR OFERAT]ON
ANSWERS -- MITRII - 88/9/12 - ROBINSON, G,

ANSWER A,.07 (2.0)
a. TRUE (0.5
b. FALSE (0.5
¢. FALST (0.9
d. TRUE (0.9
RERFERENCE

Reactor System Manual! 10.2
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FEATURES OF FaCl !TY DESIGN

~NSWERE == MITF 11 - 88/5/12 = ROBINSON, G,

HNSWER B.01 (2.3

See enclosed f.gure (3,3-1)

REFERENCE
Reactor Systeme Manual 3.7 and Fig. 3.3~i

Arnswer B.02 (2.0

Moisture entrained with the air would degrade the
heavy water (D20 di'ution),

Nitrous oxide formation from the presence of &ir in
high radiasticn fields would cause corrosion,

The temper&iure of the middle of the recombiner must
exceed a minimum required value (S0 degrees C.).
The flow rate through the recombiner must be between

certain f'ow rates (l.u and 8.0 cfm.. .
Alse , gqrerd aeciive 0; drpein asd /rcdf/( merd mediun

REFERENCE Ay howspsré of isassecia®d D, Jo, 4 recembraon
heactor Systems Manual 3,16

ANSWER 8.03 (2.0

Normal shutdown cooling is provided by air auxiliary pump
(MM=2) and the cleanup loop heat exchanger (HE=2),

Maximum flow can be obtained by brpassing the ion column
and the inlet snd cutlet ¢ilters.,

REFERENCE
FReactor Syetems Manual! 2.4

ANSWER B.04 (2.0)

I4 the ventilation should be 1ost, the intake damper

will close, thereby, forcing all air within the build-

ing to flow past the plenium monitor pricor to being
discharged,

B. A manvally operated exhaust control damper (located
in the stack base) 's used to throttle the cveral)
flow of air through the ventilation svstem,

The open.ng of the damper |s adjusted to maintain the
building differential pressure between the intake and
the exhaust,

REFERENCE

Reactor Systems Manual! 8,12, 8.14

(0.

(0.5

(0.5
0.

(1.0

(1.0,

1.0

0.

0.



B. FEATURES 0F FACILITY DESIGN
ANSWERS == MITR 11 - 88/%/12 - ROBINSON, G.

ANSWER B.0S (1.9

1. Aplug ie placed in the port.

2. Gas seals are made by bolting a ring against the
aluminum ¢lange of the liner,

3. A gasket cover is bolted over tne beam port’s
opening.

REFERENCE
Reactor Syetems Manual 2.4

ANSWER B.0é (2.0

a. Fuel element positions in each ring are numbered
sequentially in the clockwise direction from the
regulating rod position,

B, The elements are axially symmetric €0 that they
can be inverted in order toc equalize any peaking
in axial burnup.

REFERENCE
Reactor Systems Manual 1.4, 1.5

ANSWER 8.07 (2.0)

a, 1800 gpm

b, 100 kw

€, &0 degrees C

d. 4 inches below the cuerflow pipe
(CAF for actural height above core)

REFERENCE
Technical Specifications p., 2-%

(0.3
(0.5

(0.%)

€1.0)

(1.0)

0.
(0.5
0.5
(0.5)



G, GENERAL CPERATING CHaRACTERISTICS
ANSWERS - MITRI! - 88/9/12 - ROBINSON, 6.

ANSWER c.01 (2.0)

The amount of negative reactivity added s dependent
on the position of the shim blade bank, (1.0

This effect can be considered as being due to the
shadowing influence that the blade bank inserts on the .
reflector., 1.0

FREFERENCE
Reactor Srstems Manual p. 10.6&

ANSWER c.02 (2.0

&, AN increase in the light water temperature will insert
negative reactivity by causing the hardening in the
neutron spectrum. (1.0

B, An (ncrease in the heavy water reflectcr temper-
ature will insert rnegative reactivity by allowing more
neutron leakage. 1.0

REFERENCE
Reactor Systems Manual p, 10,8

ANSWER c.03 (1.3
a. FALSE (0.5
b. TRUE (0.5
¢, TRUE (0.
REFERENCE

Operating Procedure Checklist PM 3,1.1.1 p. 13

ANSWER C.04 (2.0)
a. our (0.%)
o. IN (0.8
c. BT N (0.%)
d. NO EFFECT (0.%)
REFERENCE

Reactor Systems Manua! p., 10.10



(. GENERAL COPERATING CHaRACTERISTICS
ANSWERS - MITRI1 - 88/%/12 - ROBINSON, G.

a. The full=in position ¢or the regulatory rod is six
inches above the bottom of the fuel elements.

b. Once the regulating rod is withdrawn any appreciable
amount, 1t 18 heavily shadowed by the adjacent shim
blades.

REFERENCE
Reactor Systems Manual p. 10.6

ANSWER C.0é (2.9

8. The delta K due to temperature change or the change
in average temperature and temperature coefficient,

b. The delta K due to the additiconal sample.

€., The delta K due to burnup or MWH and delta K per MWH,
P d. The previous critical rod positions.

¢. Rod werth curves.

REFERENCES
Operating Procedure Checklist PM 3,1,1.2 p. 13

ANSWER c.07 (1.9
a4, Approximately 2 beta of excess reactivity,

B, In order to be able to ocverride the xenon shutdown
transient,

REFERENCE
Reactor Systems Manual p, 10.8
ANSWER c.o8 (1.0

a. TRUE
b, TRUE

REFERENCE
Reactor Sretems Manuval p, 10.95

(1.0

(1.00

(0.
0.
(0.5
(0.

(0.5

(0.5

(1.0)

(0.

(0.9



L. INSTRUMENTS AND CONTROLS
ANSWERE - MITRI1 - 88/9712 ~ FOBINEON, 6.

ANSWER 0.01 (2.9

a, A neutron entering the chamber cCauses & uranium atom

Cin the uranium oxide coating? to fission.

The resulting fission produc*s create a iarge neg-

ative ionization pulse In the counting gas.

b. A pulse height selector is used to distinguish the
large negative pulses created by neutron~induced
fissione from the smaller pulse produced by the

Qamma rare and alpha particles.

REFERENCES
Reactor Systems Manual p., 5.3

ANSWER D.02 (2.3

The automatic control circuit can no longer Keep reactor
power at the set power level and power would start to

Increase.

The avutomatic run=down circuit causes & visual alarm,
After 30 seconds delay, the circuit transfers reactor

control to manual mode.
The circuit then drives in the selected shim rod.

REFERENCE
Reactor Systeme Manual p. 4.5
ANSWER 0.023 (2.9

a, must be saticsfied
b, heed not be satisfied
€+ must be satisfied
d, must be satisfied

€. need not be satisfied Rr """"’“::
mugt be Sahsbred Lo Pl peowts oplio
(Acceptable answer therefore is a, ¢, and d.°
and €
REFERENCE
Reactor Systems Manua! p, 4,1 and 4,2

(0.7

(0.7%)

(1.0

(0.5
(0.

(0.7%
(0.7%)

(0.3
(0.3
(0.9
0.5

(0.5



D, INSTRUMENTS aND CONTROLS

ANSWERS = MITRII =~ 88/9/12 = ROEINSON, G,

ANSWER D.04 (2.00

1., Tomaintain the shim blade bank pr- . ammed at a uniform A
height during the final approach *. criticality, (1.0

2., To establish a level, below the criticel position, to
which the shim b)ades may be indivicdually withdrawn in
one step, 1.0

REFERENCE
Reactor Systems Manual p. 4.3

ANSWER D.0S (1.0

Depressing the "all-absorbers~- in" pushbutton will give

the scram alarm but will not scram the reactor. (1.0
REFERENCE

Reactor Systems Manua!l p. 4.5

ANSWER D.0& (2.9

a, The graphite reflector has a large heat capacity
and I8 slow to attain an equilibrium temperature
distribution, (0.7

B, Primary flow rate, rore temp, rise, and heat capacity., (0.8
Heavy water reflector flow rate, temp., rice, and heat

capaci ty, (0.8

Shield coolant flow rate, temp., rise, and heat

capacity (0.8
REFERSNCE

Reactor Srstems Manual p., &.4



0. INSTRUMENTS a&ND CONTROLS
ANSWEPS - MITRID | 88/%/12 - ROBINSON, G.

ANSWER D.07 (1.9

Two concentric cylindrical electrodes, measures the
resistivity of the water.,

(0.9
A potential voltage applied across the cell produces a
current that ie inversely proportional to resistivity, (0.9
Reesigstivity varies inversely with conductivity, (0.5

(Als0 acceptable 18 = conductivity is directly proportional
to current flowing through the cells.)

REFERENCES
Reactor Syetems Manval p. &.1



£, _SAFETY aND EMERGE

ANSWERS = MITRII - 88/5 12 = ROEBINSON,

FINSWER E.O1 (2:.9)
a. WILL MOT BE SUPPLIE
b. WILL BE SUPPLIED
€. WILL NOT BE SUPPLIE
d. WILL BE SUPPLIED
e. WILL BE SUFPPLIED

REFERENCE

Reactor Srstems Manual

ANSWER E.02 €1.%)
a, FulLSE
b, FALSE
¢, TRUE

REFERENCE

Reactor Svetems Manual

ANSWER E.03 (2.9

a. The flow goees up through the core and down through
the 4)ow ﬁa:zz:-chock valves (bBy natural circulation),

&. i« Heat lost to

-~
3

0

0

[N

ambient

q\(ﬂ

8.34

3

G.

r
i1, Heat lost to the reflector Mank

Pile Heat lost to the cfé-gas sretem

REFERENCE
Reactor Systems Manual

P

2.9

(0.S
(0.3
(0.5
(0.3

(0.

(0.%)
(0.
(0.3

(1.0
(0.3
(.0.5)

(0.



ANSWERE - MITRI] - 28/9712 - ROBINSON, G,

ANSWER E.Cq (2.5

a. Both emplov diéferentisal pressure transducere that
measure the difference between static pressurz in
the air gap areas (above the cutlet plenum) and the
pressure developed by & reference leg that extends
inteo the core tank to a point immedi ately above the
top of the fuel. (1%

B, ML=34 18 electrically=driven (piezo=- electric
diféerential nressure transducer) and is surp)ied

by emergency power. (0.5

ML=3B is precmatically=oriven (transmitter)

and 1¢ supplied by Instrument &ir., (0.8
REFERENCE

Reactor Systems Manual p., 6.8

ANSWER E.08 (2.0)

A period scram (s fast acting, that is it is coupled

directly to the magnet=current amplifiers and upon a

preset scram signal interrupts the current to the

magnets of the six shim blades. 1.0

A low primary coolant $low caused scram (s initiated
by a relay which opens the withdraw circuit, thereby,
causing the current to the magnets to be cut ofé, 1.0

REFERENCE
Reactor Syetems Manva! p, %.8




E. _ SaFETY aND EMERGENCY SYETEMS
ANSWERS - MITRII - 88/9/12 - ROBINSON, G.

{1. Secures tre ventilation svstem
2., Seals the containment shel)

3. Dumps the top part of the heavy water reflector

REFERENCE
Reactor Systeme Manual p. 9.8

ANSUWER E.O0?7 (1.9
a. 10 second pericod

B. 1975 gpm

95
c. 38 gpm
REFERENCE

Reactor Syetems Manuval p, #.9

(0.8>
(0.%)
(0.5

(0.5
(0.

(0.3



. ZTANDARD aND EMERGEND CPERATING FPROCEDURES
ANSWERS - MITRII - 28/9/12 - ROBINSON, G,

ANSWER F.01 (2.9

&, Reactor Zuper intendent
Duty Shift Supervisor
The Electronice Supervisor
(or designated alternates)

b, Two responsible pecple must check the jumper after
installation,
The Jjumper must be tagged for identification,
A record of the authorizer's initials must be
recorded on the brpass 10g sheet,

REFERENCE
Administrative Procedure PM | .9 p. |

ANSWER F.02 (2.0
High Primary Coolant Conductivity C(alarm)

Increase in results of the weekly ara'ysis of the
primary ccolant,

REFERENCE
Abnormal Operating Procedure PM %5.8.2

ANSWER °.03 (2.8

&, MINOR SCRAM

B, NO SHUTDOWN REQUIRED

;: Hm!.Nl “C:.S.Clﬁm.“ M 40 gHOTOIe ¥ Leoviee 0
¢. NO SHUTDOWN REQUIRED

REFERENCE

Abnormal Cperating ®rocedures PM S.1.4, PM S,2.1, Pm 5.3.2,

PM $.4.3, PM 5.85.4

(0,234
(0.33)
(0.33
“005)
0.5

(0.5

(1.0

(1.0

(0.9
(0.
(0.
(0.9
(0.



£, STANGARD AND EMERGENCY OPERATING PROCEDURES
ANSWERE - MITRI] - 88/9/12 - ROBINSON, 0.

ANSWER F.04 (2.0
Any four (4) of the following!

L ANy change in reactivity

2. ANy decrease (n primary coolant flow

2. ANy increasy in the core purge

4., Any increas. in primary conductivity readings
S, ANy increase in the core outlet temperature
&, ANy increase (n the core delta temperature

(Note: Each response is worth 0.5 points.)

REFERENCE
Abnormal Cperating Procedure PM S,.2.11

ANSWER F.08 (2.0)
Xenon (0.5
Fue! Burnup (0.5
Sample changes made in cperation (0.3
Changes in experiments during cperation (0.9
REFERENCE

Technica) Specifications p., 3-33

ANSWER F.06 (2.0
Scram the reactor, (0.5
Turn on the "DO NOT ENTER®" sign for the back personne!
lock, (0.3
Remove the reactor KEYS ang (0.9
Console log (0.3
REFERENCE

Apnormal Operating Procedure PM 5.7.8

ANSWER F.0?7 (1.
s, TRUE (0.
. TRUE (0.
¢. FALSE (0.5
REFERENCE

Standard Operating Procedure PM 2.3 p. 2 and 3



G.  RADIATION CONTROL &ND SAFETY
ANSWERS - MITRII -~ 88/%9/12 ~ ROBINSON, 6.

ANSWER G.01 €1.%>

NO 0.9
The unit Rem congiders the different effecte, FRem (s a
biological unit, thus different radiation causing the

same dose in Rem should have the same effect, 1.0

REFERENCE

10 CFR 20

RPO Notes and Memos p. 13

ANSWER G.02 (2.0)

Alt) = A(g) e ## - lambda t (0.9

t = |S minutes

Alt) 7/ ACo) = 100 / 200 = 0.9 (0.,
lambda = ~(In 0.5 / 1S min = 046 / min (0.5
t= «(ln 107100) / €0.04&6/Mmin) = SO0 minutes (0.9
REFERENCE

Nuclear Reactor Engineering, Glasstone and Sesconske . 21

ANSUWER 6.03 (1.3
. TRUE (0.5
b, FALSE (0.™
¢c. TRUE (0.5
REFERENCE

MIT Required Procedures for Radiation Protection p, 20 and 21



G. RADIATION CONTEOL aND SAFETY
ANSWERE - MITRIL1 - €8/9°21 - ROBINSON, G.

ANSWER G.04 (2.0

DI X RI X Rl = D2 X RZ X R2 (0.5

D2 = (&0 mr/he) x 10 ¢ » 10 ¢t = 240 mr/hr (1.0
S 4% A O €2

Dose = (240 mr/hr)x 10 min = 40 mr 0.%

(860 min/hr)

REFERENCE
Nuclear Reactor Engineering, Glasstone and Sesonske p. S24

ANSWER G.0S (2.0

a. 0O-M "Pancake"' detector . %
dok viid yolue Cinelohes )

b, MUr=83 sutomatically closes »e ) (0.5
MU=éd automatically closes golened tsolotein (0.9
Core purge blower s turned off (0.9

REFERENCE

Reactor Systems Manual p. 7.12

ANSWER G.06 1.0)

Max imum dose rate is 100 mr/hr (0.9

(40 min/ 40 min) x 100 mr = 44,7 mr (0.5

REFERENCE

IV CFR 20.203



T CONTROL &ND SAFETS

ANSWERS -~ MITRII] - @8/9/21 - ROBINSON, G.

ANSWER 6.07 (2.0)
&, He/she does not exceed 3 Rem per quarter,
b. His/her racdiation histror 18 Known and recorded
on the proper form (Form 4),
€. The dose received when added to his /her radiation
history does not exceed S(N~18) Remz where N = the
person’s age 2t his her birthdar.
REFERENCE

10 CFR 20.101

ANSWER G.08 (2.0)
&, N-=1¢é comes from O-14 via ain,p) reaction,
B. Its primary hazard is the high energy gamma ray
given of¢f
€. NO,
Decause of its short halé 1ife (7 sec)
REFERENCE

Nucleur Reactor Engineering, Glasstone and Sesonske .

402

(0.3

(0.3

(1.0

(0.3

0.

(0.2%)
(0.7%)



. ATTACHMENT 2

‘s ’ U. 8. NUCLEAR REGULATORY COMMISSION
SENIOR REACTOR OPERATOR LICENSE EXAMINATION

FACILITY: MIT

REACTOR TYPE: RESEARCH

DATE ADMINSTERED: 88,/08/12

EXAMINLR: YACHIMIAK, E.

CANDIDATE enden
INSTRUCTIONS TO CANDIDATE:
Use separate paper for the anewers. Write answers on one side only.
Staple question sheet on top of the answer sheets. Pointe for each

question are indicated in parentheses after the question. The passing
grade requires at least 70% in each category. Examination papers will
ve picked up six (8) hours after the examination starts.

% OF
CATEGORY % OF CANDIDATE'S CATEGORY
_‘%Mé%l_ TOTAL __SCORE __ _VALUE CATEGORY
:et'é:gg_ 20,00 ___ H. REACTOR THEORY
£A—96 20,00 I. RADIOACTIVE MATERIALS HANDLING
DISPOSAL AND HAZARDS
* 20,00 20,00 J. SPECIFIC OPERATING
CHARACTERISTICS
g, 50
2666 20,00 K. FUEL HANDLING AND CORE
.00 PARAMETERS
264, 20,00 L. ADMINISTRATIVE PROCEDURES,
96.5 CONDITIONS AND LIMITATIONS
_keeTe % Totale

Final Grade

All work done on thie examination ie my own. | have neithe: given
nor received aid.

b4 Ckam?a,o MC& to Cxem Candidate s Signature
4ua o g oobulion Oé’

Faw{bfy me .



NRC RULES AND GUIDELINES FOR LICENSE EXAMINATIONS

During the administration of this examination the following rules apply:

10.
i1.

is.
13,

14

15,

16,

7.

Cheating on the examination means an automatic denial of your application
and could result ‘a more severe penalties.

Restroom trips are to be limited and only one candidate at a time may
leave., You muet avoid all contacts with anyone outside the examination
room to avoid even the appearance or possibility of cheating.

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

Print your name in the blank provided on the cover sheet of the
examination.

Fill in the date on the cover sheet of the examination (if 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 aheet.

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

Number each answer age to category and number, for example, 1.4, 6.3,
Skip at least three lines between each answer,

Separate anawer sheets from pad and place finished answer sheets face
down on your desk or table.

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

The point value for each question is indicated in parentheses after the
question and can be used as a guide for the depth of anewer raguired.

Show all calculations, methods, or assumptions used to obtain an anawer
to mathematical probleme whether indicated in the question or not.

Partial credit may be given. Therefore, ANSWER ALL PARTES OF THE
QUESTION AND DO NOT LEAVE ANY ANSWER BLANK.

[f parts of the examination are not clear as toc intent, ask guestions of
the examiner only.

You must sign the atatement on the cuver sheet that indicates that the
work is your own and you have not received or been given aseistance in

completing the examination. This muet be done after the examination has
bean completed.
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"18. When you complete your examination, you shall:

Assemble your examination as follows:

(1) Exam questions on top.

(2) Exam aids - figures, tables, etc.

(3) Answer pagee including figuires which are part of the answer.

Turn in your copy of the examination and all pagees used to answer
the examinacion questions.

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

Leave the exami ation area, as defined by the examiner. If after
leaving, you are found in this ares while the examination is still
in progrese, your license may be denied or revoked.



S
~'H.__RKACTOR THEORY Page 2

-

a. WHY is the value of Beta-effective greater than the value of Beta?

)

. A, (1.00)
4ole T8

BHRY MTEE the vrlue ot BETETErrETtive-deerease HMUTFIng core [1lred—i0-509

QUESTION H.01

¢. WHAT ie the source of the neutrons that cause the characteristic
-80 second period on a reactor scram? (0.50)

(#sesx CATEGORY H CONTINUED ON NEXT PAGE sssen)



QUESTION H.02 (2.50)

Given that the reactor is suberitical with a Keff of 0.9.75 and a Start-Up
channel reading 2000 CPS:

a. WHAT would Keff be after a reactivity addition causes the count rate to
increage to 4000 CPS? SHOW ALL WORK.

Would the reactor be Suberitical, Crictical, or & percritical if
1.59 Beta was added to the 0.9875 Keff core? SHOW ALL WONK.

(#ssas CATEGORY H CONTINNED ON NEXT PAGE sssss)




QUESTION H.03 (2.75)

Assume the reactor is on a stable 40-gsecond period.

HOW long (in minutes) will i¢ take to change power level TWO (2)
decadeg? SHOW ALL WORK. (1.7%)

. HOW much reactivity (in Millibeta) hae been inserted into the reactor in

order to place it on this stable period? Assume the reactor was just
critical pricor to this reac*ivity inasertion. SHOW ALL WORK. (1.00)

(*®xax CATEGORY H CONTINUT ON NEXT PAGE sxxxx)



QUESTION H.04 (1.50)

a. HOW (Incrense, Decrease, No Change) does a DECREASE in reastor power
affect the Capture Crose Section of <238 at ite resonance onor(iosg 1
(0.50)

b. WHAT are TWO (2) reasons WHY a neutron whose energy is slightly above

the upper limit of a 0-238 resonance capture energy will etill have a
high probability for capture by a 0-238 atom? (1.00)

(s®xxxx CATEGORY H CONTINVED ON NEXT PAGE ssssx)



QUESTION H.05 (4.00)

a. Briefly astate the Production AND Removal mechanisme for Xe-135 AND
Sm-14%. Include applicable eclements and isotopes. (3.00)

b. HOW (Increase, Decrease. No Change) would Xe-135 affect the the
reactor & Actual Shutdown Margin TWO (2) hours after & reactor trip from
continuous power operation at > 100 kW? (0.50)

c. HOW long doee it take Xe-135 to build into a core that has been shutdown
for refueling? Assume the reactor is run at rated power. (2.50)

(*xx%x CATEGORY H CONTINUED ON NEXT PAGE s»sxx)
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QUESTION H.06 (2.00)

a., WHY doee the moderator temperature 2cefficient become MORE negative as
the moderator hrats up?

|

!

: b. WHAT are the TWO (2) reasons for the negative reactivity effect
| associated with an INCREASE in moderator temperature?

1

(#%xxx CATEGORY H CONTINUED ON NEXT PAGE »%xxx)
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QUESTION H.O7 (2.00)

a, HgY is D20 (heavy water) used in the MITR-II ae a reflector instead of
H207?

b. HOW does the D20 reflector produce source neutrons when the reactor is
subcritical?

| (#*xxx CATEGORY H CONTINUED ON NEXT PAGE *xx%x) |






wuTESTION H.08 (1.28)

Calculate reactor power (in MW) given the following operating conditions:

Reactor Inlet Temperature - 110 F,
Feactor Outlet Temperature - 130 F.
Reactor Primary Joolant Flow Rate - 1800 gpm

(sxxxx CATEGORY H CONTINUED ON NEXT PAGE =sxsxx)
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"TON H.09 (2.00)

Answer the following questions regarding the design of the MITR-I1I fuel
wlementes:

a. WHY must the fuel have a minimum cladding thickness of 0.008 inches?

b. ROW would a thicker clad affect the ability of a fuel element to
transfer heat during power operationse?

(#sxsx END OF CATEGORY H sxxxx)




M1 RADIOACTIVE MATERIALS HANDLING DISPOSAL Page 11

“UESTION .01 (2.50)

a. WHAT THREE (3) <onditions would individually activate the “Waste Tanks"
alarm on the control room scram parel? (1.50)

b, WHERE would water from the Waste Tanke vent to if both tanke were
overfilled? (0.50)

c. WHAT adminietrative action prevents an inadvertant discharge from the
Waete “anke to the sewer syatem? (0.50)

(*%x%% CATEGORY [ CONTINUED ON NEXT PAGE s»xax)
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j QUESTION 1.02 42+d4-
: TWO (2)

WHAT are the THREE 84 actione AND the ONE (1) control room indicatior
which are automatically initiated on a steadily increasing sump level in
the equipment room?

(*#x%%x CATEGORY 1 CONTINUED ON NEXT PAGE saxxx)



& 'TSTION 1.03 (1.50)

[n accordance with operating procedure 3.12.2.

“Procedure for Cell Entry.,”

a. WHAT preventative action must be taken to protect persons from exposure
to high radiation levels whenever the LEFT cell ie not on use? (1.00)

b. WHOSE approval is required prior to entry into the RIGHT cell? (0.50)

(®#%x3%% CATEGORY I CONTINUED ON NEXT PAGE x#xx%)



QUESTION 1.04 (2.50)

Given a gamma source which has a measured dose rate of 100 mR/Hr at 10 feet
from the source:

Calculate how much time must pass (in minutes) until the dose rate at 1
foot will be 100 mR/Hr. Assume a source half-life of 15 minutes. (1.50)

Instead of waiting for the source to decay further, calculate HOW MUCH
lead shielding (in centimeters) would have to be used in order to lower
the dose rate from 100 mR/Hr to | mR/Hr at 1 foot. Assume a masse
attenuation coefficient of 0.189 (gmrem®) and a density of 11,34

(gm/cmd) . (”3 /9‘.) (1.00)

(wxxxx CATEGORY i1 CONTINUED ON NEXT PAGE =x%xx%x)



QUESTION T.0§ (3.00)

An irradiated component ie surveyed with a portable instrument. The open
window indication is 2.00 R/Hr while the closed window reading is 1.50 R/Hr
botk st a distance of 18 inches.

a. WHAT is the Beta doee rate at 18 inches from the component?

b. WHAT would be the maximum time that you could remain at the survey
distance without exceeding your 10CFR20 quarterly WHOLE BODY limit?
Assume you are without a Form NRC-4 and have no current exposure this
quarter. Also, assume that you are wearing the appropriate protective
clothing/articles.

@. WHAT would your 10 CFR 20 limit for quarterly AND lifetime dose be with
a completed Form NRC-47

(*#xxxx CATEGORY I CONTINUED ON NEXT PAGE s=xx¥)
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QUESTION 1.08 (1,50)

:aar a:. THREE (3) gases that are removed Ly the Core Purge (0ff-Gas)
vyetem

(*ssxs CATEGORY I CONTINUED ON NEXT PAGE s*sax)




| QUESTION T[.07 (2.00)

HOW do the gamma-eensitive scintillation detectors detect Tritium

leakage intu the Secondary Water System from the D20 reflector heat
exchanger?

. WHY must blowdown of the cooling tower basins be secured whenever the

reactor is rnot operating?

(#%%sx% CATEGORY I CONTIPMED ON NEXT PAGE ssxxx)
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QUESTION 1.08 (3.00)
a. In order to receive radicactive material ordered for delivery to the
NRL a member of the operations staff must poessess WHAT TWO (2)
qua.ificatiane? (1.00)

b. WHAT FOUR (4) actione need to be taken by the individual receiving a
radicactive material package? (2.00)

(#ssxs CATEGORY I CONTINUED ON NEXT PAGE s#sax»)
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QUESTION 1.09 (2.00)

A. WHAT are the TWO (2) reasons for which an individuai may be authorized
to incur radiation eaxposures in excess of the 10 CFR 20 limite?

b. :f tt:o permita, WHAT TWO (2) people should make the above authoriza-
ong”

(*sss% END OF CATEGORY I w»%sxx)



QUESTION J.01 (2.28)
Describe the operation of the pneumatic tube syatem including both the

rabbit inesertion and ejection processes. Identify ALL major components in
your description.

(s*xxxx CATEGORY J CONTINUED ON NEXT PAGE ssssxx)
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QUESTION J.02 (1.50)

a. WHAT are TWO (2) reasone for having a CO2 purge maintained to the

TR I ey e—

(1.00)

water-cooled, vertical sample thimblea?
b. WHY is it necessary to water-cool the vertical thimblee which are used
for sample irradiation?

(sssxx CATEGORY J CONTINUED ON NEXT PAGE sssax)

(0.50)



QUESTION J.03 12.50)

A,

Explain the operation of the Anti-Syphon valves (both open and closed
positions), specifically addressing HOW tne valve would prevent the
complete drainage of the core tank on a coolant pipe hreak.

. Explain the operation of the convection valves during both normal and

lose of ccolant flow conditions. Include in your explanation a
decription of the coolant flowpathe involved.

(*ssxs CATEGORY J CONTIRUED ON NEXT PAGE sssxx)



QUESTICN J. 04 (2.50)
Dercribe the operation of a compensated ion chamber AND explain WHY

compensgation is neceesary. Include in your explanation the power levels at

which this detector is used to detect neutrona.

(e%sss CATEGORY J CONTINUED ON NEXT PAGE ssssx)
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QUESTION J.08 (2.75%)
a. WRY ia 125 volt D.C.

storage battery power needed to prevent simultan-

acus closure of the two (2) main 13.8 KV circuit breakers? (0.785)

b, Describe the operation of the emergency electrical power distribution

system, including the & KVA motor-generator (M/G) set, during both the

loss and susequent restoration of normal power. (2.00)

(*x¥s% CATEGORY J CONTINUED ON NEXT PAGE ssasxs)
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QURSTION J.08 (2.00)

WHAT FOUR (4) actions occur when a major scram pushbutton ie depressed”?

(ssssx CATEGORY J CONTINUED ON NEXT PAGE sssas)
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QUESTION J.07 (1.50)

&, When operating at full power, WHAT could result if sscondary system
temperature dropped to less than 6 degrees C .7 {(0.50)

B. WHAT are TWO (2Z) actione that could be taken to reduce the rate of
secondary saystem heat removal WITHOUT decreasing reactor power? (1.00)

(#s%ss CATEGORY J CONTINUED ON NEXT PAGE sssss)
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QUESTION J.08 (1.00)

During a reactor atartup, WHY ie& reactor power held constant for FIVE (§)
minutes after each 1| MW increase in power level?

fexsss CATEGORY J CONTINUED ON NEXT PAGE sssss)
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QUESTION ,.098 (2.00)

WHAT are the FOUR (4) requirements imposed by the "automatic-control-
permiesive circuit which must be met before the reactor can be shifted to
automstic control?

(#ssss CATEGORY J CONTINUED ON NEXT PAGE sssss)




QUESTION .10 (2.00)
WHAT are 4he FOUR (4) functi -s of the Cleanup Syetem?

.

(sssss END OF CATEGORY J ssess)
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QUESTION  K.01  (2.00) {
|
:

i During performance of a epent fuel tranefar:
i
I

A, WHY {s the inner door of the main personnel lock left open? (0.50)
b. WHAT are TWO (2) locatione in the core tank from which fuel elemente may

be transferred to the transfer cask”? (1.00)
2. WHY is the retlector dumped prior to fuel movement? tu.50)

R RN Ry~

(®sssx CATEGORY K CONTINUED CN NEXT PAGE sssss)




QUESTION K.02 (3.50)

¥ a. Deacribe the consiruction of the storage racke currently ing:alled in
the spent fuel storage pool. Include in your description the rack s
material composition AND the reason for the material & use. (2.50)

b. WHAT are TWO (2) reaeons for using high purity deionized water in the
spent fuel storage pool? (1.00)

(*%x%s CATEGORY K CONTINUED ON NEXT PAGE ®x%xx)



QUESTION K.03 (1.50)
a. HOW much time must elapse between a reactor shutdown and the removai of
fuel from the core if the reactor had previously operated at power
levels in excess of 100 KW? (0.50)

b. WHAT is the Technical Specification basis for the above time constraint?
(1.00)

(#xsxx CATEGORY K CONTINUED ON NEXT PAGE *xxxx)



QUESTION K.04 (1.00)

Bolt Cutters are required for the removal of WHAT TWO (2) reactor
reactivity control components?

(wxxxx CATEGORY K CONTTNUED ON NEXT PAGE s»xxx)



QUESTION K.08 (2.00)
In accordance with PM-3.3.2, “Spent Fuel Removal,”

a. WHAT precaution must be taken by individuals whenever they are
perfcrming physical work activities on the reactor top with the reactor
top shield 1id removed?

b. WHAT action must be performed on Nuclear Instrumentation Safety Channels
5 and 6 before a full power startup may be initiated?

(#xxxx CATEGORY K CONTINUED ON NEXT PAGE »»xxx)



QUESTION K.08 (3.00)

Give the basis for each of the following Technical Specifications:

a. The reactivity worth of the regulating rod connected to the automatic
control aystem is less than 1.8 % delta k/k.

b. The maximum controlled reactivity addition rate ie no more than:
-4
5 %10 delta k/k/second.

0

. The reactivity worth of the D20 reflector dump is greater than the
reactivity worth of the most reactive shim bla-e.

(*xxxx CATEGORY K CONTINUED ON NEXT PAGE *xxxx)



QUESTION K.07 (2.00)

WHAT are FOUR (4) conditione that could actuate a Spent Fuel Storage FPool
(SFSP) alarm?

(*xx%x CATEGORY K CONTINUED ON NEXT PAGE sss%x)



QUESTION K.08 (1.50)
In accordance with PM-1.15, "Refueling,"

a. WHAT TWO (2) individuals must sign the¢ Fuel Loading Verificatior record
and Fuel Loading Permiesion Form? (1.00)

Prior to exceeding WHAT power level must the Fuel Loading Verification
record be signed by the two above individuals? (0.50)

(%sxxx CATEGORY K CONTINUED ON NEXT PAGE #%xx¥)
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QUESTION K.08 o809

a.

b.

——
=

c.

WHAT Fuel Element Assembly deeign characteristic enables the fuel to
achieve a more cowplete burnup? (0.50)

For a Fuel Element Asgembly which has <4eoadetWITtH an increased
amount of U-235, » 'plain tion of a Burnable Poison limite
the initial incre: he reactivity worth asgociated with the

alement 17" allows for an ircrease in the element 8 overall
b . (1.50)

HOw does the loading of Hafnium, fixed, neutron-absorber plates on the
absorber spider assembly affect the core & nuclear flux/power?
List TWO (2) effects. (1.50)

(#sxxx END OF CATEGORY K *xx#%)
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QUESTION L.01 (2.50)

a. WHAT are THREE (3) reasons wny all positions in the core tank must be
filled and secured with either a fuel elrment or another approved unit
before operating at full power is allowed per Technical Specifications?

(1.50)

b. In accordance with Technical Specifications , WHY are at leaat FIVE (5)
operable shim blades required to be within 2.0 inches of a banked
(average shim “iade height) position when the reactor is at power levels
of greater than 100 kW? (1.00)

(sxsxx CATEGORY L CONTINUED ON NEUT PAGE »%sxsx)



QUESTION L.02 (2.50)

a. WHAT THREE (3) reactor parametere have indication which is i .quired to
be supplied by emergency power whenever thc reactor is operating? (1.50)

b. WHAT are the TWO (2) reasons that the use of energency power is probably
not necessary for the MITR-II? (1.00)

(wexxxx CATEGORY L CONTINUED ON NEXT PAGE *xssx)



QUESTION L.03 (1.50)

a.

WHAT reactor building pressure relief system interlock must be satisfied
before a reactor startup can be conducted? (0.50-

The reactor building overpressure scram is installed to scram the

reactor at less than 3.0 inches of H20. WHAT ie the basig for the
value of this setpoint? (1.00)

(*¥%xxx CATEGORY L CONTINUED OM NEXT PAGE *s%#x)



QUESTION L.04 (3.50)

a, WHOSE permission is required before a warning tag can be posted AND WHO

may post a warning tag?

(1.00)
b. WHAT are FIVE (5) requirements which must be observed when "locking out”
facility equipment AFTER permission is granted? (2.50)

(#xxxx CATEGORY L CONTINUED ON NEXT PAGE *%x#x)




QUESTION L.0S5 (1.50)

In accordance with 10 CFR Part 50.54(x%), under WHAT conditione can an
operator take reasonable action that departs from a license condition or a
Technical Specification?

(**xxx CATEGORY L CONTINUED ON NEXT PAGE *%wax)



QUESTION L.08 (1.00)

WHOSE approval is required before Temporary Changes to Class B or C
procedures may be made?

(*%xxx CATEGORY L CONTINUED ON NEXT PAGE sx%xx)



QUESTION L.07 (2.00)

a. Whenever jumpere are used to bypaes safety functione, WHERE must a
warning tag be placed g0 that the reactor is not started until the
bypaee is removed?

Y. In WHAT condition can the reactor be in when Safety Functions, which are
required by Technical Specifications as a Limiting Condition for
Operation, are to be bypassed for testing purposes?

O

. HOW many individuals are required to check the physical installation of
a jumper after it has been ingtalled?

d. TRUE or FALSE:

Safety Functions which are bypassed during a normal startup by key
ewitches on the scram panel are logged onto the Bypase Log Sheet?

(#%xxx CATEGORY L CONTINUED ON NEXT PAGE sssxx)
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QUEST ION .08 Z o

a. Using Attachment 2, classify, if applicable, each of the events listed
below in accordance with PM-4.4, "Emergency Classification System."”
)

(s ooi
1. An experiment using bottled hydrogen gas b/ comes damaged.resulting in
" ‘9 W from ite container.
/! f&ﬁ
o

2. A train derailm arthe complete rupture of both liquid
e tanke whicn were full at the time of the accident.

3. The MIT Campus Police inform you that an anonymous caller has just
threatened to damage the reactor building.

4. An automatic reactor scram from full power occurs due to the tripping
of a primary coolant pump.

b. Within HOW many houre after an Alert is declared muet the NRC be
notified? (0.50)

(#sxxx CATEGORY L CONTINUED ON NEXT PAGE s%%xx)
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QUESTION
’ (150) WHAT
the
H.O01 e e i -
huge of the greater rels: . of delayed pneutrons to cause
mel fieg - due to their lower birfh energies [0.50]

robability tor fisaion)

SAFg" \J

«1no-87 (loncest lived neutron precursor) [0.50)

Q. 6@ccuuuz c@d&l7ecﬂ rcullions Laye

Reactor Physice Notes ém‘&’ {“Vbd ‘M?‘-V-’ CO(/:,OJ

™) W" o i diom, <20
H.02 (2.50)

CR1 = 1-Keff1/1-Keff2 [0.25] s Han, L
/2000 = 1-0.9875/1-Kef£2 [0.50) Wy o Y 4
2 = 0.99375 [0.50)

= 1,59 (Beta) * 0.00786 [0.50) Proccrd Co.<)
= 0.0124974

0.9875 + Rho

0.9999974 (0.256)

oximately critical (0.50)

Reactor Physice Notes

H.03 (2.75)

Po * 10 ° (SUR#*xime) (0.25)

= 26.08/T (0.25)

= 26.06/40 = 0.6515 [(0.50)

b = 100 [0 25)

= 10 ° (0 .515x¢)

2/0.6515

3.07 minutes [(0.50)

= (Beta - Rho)/(Rhox*lambda) (0.25)
) = (1.0 - Rho)/(Rhox0D.1) [0.25)

= 200.0 Millibeta (0.50)

Reactor Physice Notee

(*#%sxs CATEGORY H CONTINUED ON NEXT PAGE *uxxxs)
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ANSWER H.04 (1.50)

a. Increase (due to less broadening) [0.50)
b. - the neutron will loose very little energy in its collision which will
place it right at the resonance capture energy [0.50)
- the neutron is in the fuel where most of the material is U-238 atoms
which makes them more likely targete for collisiones (0.50)

REFERENCE

MITR-11 Reactor Physice Notes

ANEWER H.058 (4.00)
a. Xe production: directly from fission [0.50)
{(Beta) decay from 1-135 [0.50)
Xe removal: (Beta) decay to Cs-13& (0.50)
neutron absorption (burnout) to Xe-136 (0.50)
Sm production: (Beta) decay from Pm-149 [(0.50)
Sm removal: neutron absorption (burnout) to Sm-150 [0.50)

b. Increages [0.50)
e. 40 hours [0.50)

REFERENCE

4ITR-1I Reactor Physice Notes

ANSWER H.08 (2.00)

a. because the rate at which water expande [0.50) increases with
temperature [(0.50]

b. increased leakage (0.50)
neutron spectral shift [0.50)

REFERENCE

MITR-11 Reactor Physics Notes

ANSWER H.07 (2.00)

a. because of its lower thermal neutron absorption cross-section [(1.00)
b. photo-neutron production (0.50) by gamma raye (0.25)
from fiseion product decay (0.25)

(#sxsx CATEGORY H CONTINUED ON NEXT PAGE s#w¥xx)
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REFERENCE

MITR-I1 Reactor Physice Notee

ANSWER H.08 (1.25)
Q = MxCpx(T2 - T1) [0.25)

1800 * 8.345 x 60 * 1.0 *x 20 [0.50)

1.8025 E+7 (BTU/Hr) / 3.42 E+6

Q = 5.286 MW (0.50)

REFERENCE

MITR-I1 Technical Specificatione

ANEWER H.08 (2.00)

a. to prevent the release of radicactive fiseion gas into the reactor
coolant (1.00)

b. it would increase the delay time for heat removal [0.50) on rapid power
increases (0.50)

REFERENCE

MITR-II Technical Specificatione 5-4

(#ssss END OF CATEGORY H #swsssas)



ANSWER 1,01 (2.50)

a. ™Mow > G500 spm-
a leak from the tank [3 X 0.50)
ambient temperature <= 32 F.

b. the stack [0.50]

c.

Page 51

the final valve in the discharge path is kept locked closed [0.50)

REFERENCE
REM-8.19,8.20

&2

pump one starte [(0.50)

ANSWER .02

inlet city water isolates [0.50)
"Leak Primary D20 System” annunciator alarme (0.50)

REFERENCE
RSM-8.19

ANSWER [.03 (1.50)

a. door must be closed [0.50) and locked [0.50)
b. MITR Radiation Protection Officer (0.50)

REFERENCE
PM-3.12.2 pages 1,2

(#ssxs CATEGORY I CONTINUED ON NEXT PAGE #w%ssx)
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ANEWER 1.04 (2.50)

a. D1 x (R1)"2 = D2 * (R2)°2 [0.28)
100 (mR/Hr) * 1072 (ft2) = D2 * 1°2 (£ft2)
D2 = 10,000 mR/Hr [0.25)]
A= Ao * e (-lambda * time) (0.25)
lambda = 1n2 / half-life [0.25)
lambda = 0.04621 (1/minutes) [0.25)
100 (mR/Hr) = 10,000 (mR/Hr) #* & (-0.04621 * time)
time = 100 minutes [0.25])

b. I = 1o * e (-mu * X) [0.25)

mu = J/mass attenuation coeficient * 11.34 (gm/cm3) [(0.25)
.u - M’,m‘ ] Z 3
12 100 * e (~80 % X) =‘;,"’ 2 (few) (Ce.as]

X = 60788 temi—{0.25)

reFERENcE = 4 (D (om) (0 25])

MITR-11 Reactor Physics Notes

ANSWER

1.05 (3.00)

open window - closed window [0.50])
2.00 - 1.850 = 0.50 R/Hr (0.50)

b. 1.25 R/Qtr (0.50)
1.25 / 1.50 = 50 minutes (0.50)
e. 3 R/Qtr [0.50)
5(N-18) R [0.50)
REFERENCE
10 CFR 20.104
ANEWER 1.08 (1.50)
N-18
Ar-41 (3 X 0.50)
Hydrogen
REFERENCE
RSM-3.2.5

(#s%sx CATEGORY I CONTINUED ON NEXT PAGE ssuaxx)
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ANSWER I.07 (2.00)

a. by detecting the presence of N-18 (0.50) and F-18 [0.50)

b. because of *he short lived half livees of the detector sensitive isotopus
which are used for tritium detection [1.00)

REFERENCE
RSM-7.4.1

ANSWER I.08 (3.00)

a. NRC SRO license [0.50)
shift supervisor qualifications (0.50)
b. - notify the Radiaction Protection Officer
check package for DOT compliance (4 X 0.50]
perform a survey

check shipping papere againet purchase order

REFERENCE
PM-1.10 page 18

ANSWER I1.09 (2.00)

a. to save a human life [0.50)
to ensure nuclear safety [(0,50)

b. Director of Reactor Operations (0.50]
MITR Radiation Protection Officer (0.50)

REFERENCE

PM-4.3 page 14

(#xssx END OF CATEGORY I sessn)
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ANEWER J.01 (2.28)

When a rabbit is inserted, solenoids [0.25) operate in such a manner that a
vacuum [0.25) ie channeled betwaen the inner and outer tubes [0.25)

Because there are perforations in the end of the inaer tube, [0.25)

the opening of a eolenoid which applies atmospheric pressure to the outer
tube [0.25) causes a differential pressure to exist acroes the

rabbit, [(0.25) propelling it to the in-pile limit [0.25)

The operation is reversed by another set of solenoid valvee in order to
eject the rabbit [(0.50)

REFERENCE
RSM-2.10
ANSWER J.02 (1.50)

. reduce Argon-41 production (0,.50)
prevent nitric acid formation (0.50)
b. gamma heating (0.50)

REFERENCE
REM-2.9

ANSWER J.03 (2.50)

a. During normal conditions, the valvee are closed by hydraulic pressure
lifting the balle upward [(0.25) On a pipe break, the balls drop by
gravity opening the valve [0.25] Water then flows out of the core tank
and out the break [0.25) This continues until the water level drops to
the top of the valves, [0.25) when the flow of water is stopped by air
intrusion into the valves [0.25)

b. During normal conditions, the valvea are closed by hydraulic pressure
lifting the balle upward [0.25) When core flow stops, the balles 4rop by

gravity [0.25) allowing cold water [0.25] to flow downward through the
valvas [0.25) and up through the core [0.25)

REFERENCE
R6M Figures 1.15,1.16,1.17

(#%sxs CATEGORY J CONTINUED ON NEXT PAGE sxsss)
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ANSWER J.04 (2.50)

B10 (n , alpha) Li7 [0.75]

the charged products create inn paire [(0.25)

in the counting gas (N2) [0.25) which are seen ae pulses

by the detector (0.25] the detector aleoc detects gamma rays (0.25]

€0 thege must be compensated for by another ion chamber without

the B10 lining [(0.25) this eignal is then eubtracted from the

B10 lined ion chamber s signal (0.25)

the detector is good for intermediate [0.25) and full power levels [0.25)

REFERENCE
REM-5.3

ANSWER J.05 (2.78)

because it supplies power to operate a motor-driven interlock (0.75)

a.
b. the emergency lighting panel tranefer switch immediately connecte to
battery power (0.50)

the M/G set starts immediately [0.25) but ie delayed from loading
through a transfer (0.25) for 12 seconde [0.25)

on restoration of power all tranafer switchee return to their normal
positione [0.50)] and the M/G esct is stopped (0.25)

REFERENCE
RSM-8.31,8.32

ANSWER J.08 (2.00)

- the ventilation is secured
- the containment ahell is asealod
- the top part of the D20 reflector is dumped (4 X 0.50)

= the withdrawal permit circuit is interrupted
cauning the shim blades to drop
REFERENCE

RSM-6 .8

(#sxxs CATEGORY J CONTINUED ON NEA[ PAGE sswesx)
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ANSWER J. 07 (1.50)

a. DIO freezing could cecur (0.50)

b. - shift cooling tower fane to low speed
- adjuet cooling tower slats [2 X 0,.50)
- bypase flow to basine

REFERENCE
PM-5.4.8

ANSWER J.os (1.00)

to allow the reactor core and primary coolant to approach thermal

equilibrium [0.50) thereby reducing strees on the fuel slement and
cladding [0.50)

REFERENCE
PN-2.3.1
ANEWER J.08 (2.00)

all shim blades muet be above the suberitical interlock position
the deviation between power-get and actual power must not exceed 1. 5%
the regulating rod control switch must be in the neutral position
the regulating rod must be withdrawn teyond ite near-in position
(4 X 0.50)

LN T B |

REFERENCE
REM-4 .4

ANSWER J. 10 (2.00)

maintain the purity of the primary H20

maintains core level by means of a continuous overflow [4 X 0.50)
provides for a surge volume

provides cooling flow through the H20 medical shutter tank

4 ’ ' ]

(#®sxs CATEGORY J CONTINUED ON NEXT PAGE ssaewn)
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RSM-3.2.3

A

KNom- 20,6
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ANEWER K.01 (2.00)

4. to prevent personnel entry into the reactor building [0.50)
b. fuel storage ring (0.50)

transfer baskat (core flow guide) [0.50)
©. ensure adequate shutdown margin [(0.50)

REFERENCE

PM-3.3.1 page 2
PM-3.3.2 pages 3.4

ANEWER K.02 (3.50)

a. five by five (seven by seven) ua}rixC:( open-ended boxes [0.50]
in an aluminum frame [(0.50) €& e aa . 3
made of aluminum-cadmium-aluminum sandwich (0.50) o CC«W W
used for corrosion resistance (aiuminum) (0.50)
neutron absorption characteristics (cadmium) [0.50)

b. decay heat removal [0.50]
shield personnel from gamma radiation [0.50)

REFERENCE

RSM-8 . 38

ANGWER K.03 (1.50)

a. four (4) daye (0.50)
b. prevent melting from afterheat [1.00)

REFERENCE
MITR-1I Technical Specifications 3-33

ANEWERR K.04 (1.00)

regulating rod absorber [0.50)
control (shim) blade [0.50)

(e4sss CATEGORY K CONTINUED ON NEXT PAGE sssxx)



5

K. FUEL KANDLING AND CORE PARAMETERS Rege 59

REFERENCE
PM-3.4 1,3.4.2

ANEWER K.08 (2.00)

a. check that there are no loose or unattached iteme in their cloth.ng
faffix loose iteme with tape) [1.00)

b. low power safety amplifiers must be rep.aced by full power safety
amplifiers [1.00)

REFER INCE
PM-3.3.2 |
ANSWER K.06 (3.00)

A. the tstal worth of the rod is to be limited such that the complete
sithdiawal of the rod will not (Hake the Feaclol Prolpi-mpgades: ) Ccalse
fuel damage [1.00]

b. in the event of an accidental continuous insertion of reactivity at the

above maximum rate, the reeponse of the reactor safety system period and

lavel trips will adequately protect the reactoer [1.00)

the additicnal independer apability for reactivity control provided by

the D20 reflector dump giv.s added assurance that the reactor can be

made subcritical under an adverse condition of fuel loading or control
blade malfunction [1.00)

REFERENCE

0

MITR-II Technical Specification 3-32 thru 3-35%

ANSWER K.07 (2.00)

loas of power to the SPSP ~ontrol and alarm panel
- & leak from the pool

- low SFEP water leve) (4 X 0.50)
- low flow thru the GSFSP ion exchanger
REFERENCE

PM-56.7.12, "Spent Fuel Storage Pool, page 1

(#ssxs CATEGORY K CONTINUED ON NEXT PAGE wswsss)
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ANGWER K.03 (1.50)

4. senjior reactor operator [0.50)
-uperintendent [0.50)
b. /.0 KW [(0.50)

REFERENCE
PM-1.15
Qeo)
ANSWER K.08 A Ay
a. it is axially symmetric [0.50) P it
b. The burnable poison hae 2 highr abe. . t*- . 's-section for thermal
» neutrons (0.50) gso ite negative rey ™ ~rvh initially compensates

‘
A ! for the raactivity wort e addec 3 .0.28)
Q@L After the poiso 6 a neutron, it is nermanently removecd from the
competi oceas [0.50)
chanism delays the decrease in reactivity worth of the fuel
element, thus increasing ite life (burnup) [0.25)
. maximizes [0.25) flux and power (densities) [0.25) in the lower half of
the core [0.25)
minimizes (0.25] power (peaking) [N 2§)
in thc top half of the core [0.25)

REFERENCE

REM-1 3,1.4
PM-3.3.1

(*%xxx END OF CATEGORY K *xaxs)
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ANSWER L.01 (2.50)

a. prevent mechanical damage to the components [(0.50)
prevent core reactivity changes due to movement [0.560)
assure proper flow distribution and cooling (0.50)
(ensure validity of safety limits)
b. 80 as 7ot to appreciably affect core power distribution [1.00]
(hot channel factor or peaking factor)

REFERENCE

MITR-I1 Technical Specifications 3-41

ANSWER L.02 (2.50)

&. neutron flux
main tank coolant level [2 X 0.50)
primery coolant cutlet temperature
b. loes of power sutomatically scrame the reactor (0.50)
coolant will still cover the core (melting will not occur) [0.50)

REFERENCE

MITR-I1 Technical Specifications 3-23

ANEWER L.03 (1.50)
a. minimum negative differential pressure (0.50)

b. prevent reactor scram cn momemtary low poeitive pressure (0. .50) which
may occur after a ventilation shutdewn [0.50)

REFERENCE

MITR-II Technical Specification 3-18

(#%%xx CATEGORY L CONTINUED ON NEXT PAGE sxxs%)



ANSWER .04 (3.50)

a. on duty console operator [0.50)
nny member of the NRL/RPO staff [(0.50)
b, SRO will witness lockout
8RO will verify safe system condition [any § @ 0.50 each)
person performing work will perform lockout
person performing work will retain the key on hie pereon

4 notation as to the syetem being locked ocut &'.all be made on the
status board

- the system must be tagged out
REFERENCE

L 1] )

PM-1.14.3

ANSWER L.0S (1.50)

in an emergency (0.50)

when the action is needed to protect the public health and aafety,' [0 50)
and no other action is immediately apparent [0.50]

REFERENCE
10 CFR Part 50.54(x)

ANSWER L.06 {1.00)

two (2) reactor etaff membere [0.50) one (1) of whom #hall hold an SRO
license [(0.50)

REFERENCE
PM-1.§

ANSWER L.07 (2.00)

. on the shim blade control handle (0.50)
shutdown [0.50)

two (2) [0.50)

FALSE [0.50)

aooT»

(**%%x CATEGORY L CONTINUED ON NEXT PAGE ssxss)
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" AND_LIMITATIONS

‘KEFEIENCE
PM-1.9

ANSWER L.0o8 (2500

a ) A
8. +—ATER N
St texren
3. Unusual Event A X 0.50)
4. No Claessification
b. 1 hour [0.560)

REFERENCE

PM-4.7.1
PM-4 4

ANSWER L.09 (3.00)

= if the probability of occurrence or the consequence of an accident or
malfunction of equipment important to safety previously evaluated in the
EAR may be increased [1.00)

= 1if a possibility for an accident or malfunction of a different type than
any evaluated previnuely in the SAR may be created [1.00)

= Aif the margin of safety as defined in the basis for any Technical
Specification is reduced [1.00)

REFERENCE
FPM-1.4

(**sx% END OF CATEGORY L sxxxs)
(#*xsxxxxxx END OF EXAMINATION sussxansnsxs)




A.02

A. 04

B.02(a)

C.04(c)

D.03(¢)

E.03(a)

E.03(b)

E.07(e)

F.03(d4)
F.03(e)

G.05(b)

ATTACHMENT 3

Facility Comments on RO Exam, 12 Sept, 88

Source is not installed.

At 298 kW, the temperature change is still {insignificant.
The period would still be 60 seconds. (Note: PM 2.3 p.3
does give 100 kW as the point of adding heat. We shift to
cooling towers at 250 kW and begin seeing temperature effects
on the approach to | MW, PM 2.3 p.3 is in error.)

Also, avoid activation of argon, and

Provide inert medium for transport of disassociated D;/0; to
recombiner.

Answer should be 'In', On flooding, which would be with D0,
a positive reactivity addition is made. (If light water
flooded {t, the answer i{s correct, but the blister tank {s
surrounded by heavy water.)

Must have 1800 gpm for full power operation. For 100 KW
operation, not required.

Should be flow 'guide' not 'shroud'.
Typo = 'bank' should be 'tank'.

Current setpoint {s 95 gpms It varies, bdut i{s always above
minimum required of 75 gpm.

Refer to PM 5.2.1 and PM 5,5.,4, Neither requires an immedi-
ate shutdown, Both allow time to investigate and both
require shutdown by ARl {f certain conditions exist. Not
sure how these should be answered.

MV-8) and MV-64 are referred to as the 'solenoid valves'.
Memorization of valve numbers {s not required.



HeOla

H.02b

H.03la

H.0b4a

H.05b

H.08

Facility Come:nts on SRO Exam, 12 Sept. 1988

Concur that B > B hecause of their lower birth energies. As
a result they have a lower probability of undergoing fast
neutron leakage and to a lesser extent resonance capture.
So, we agree with giving credit for "lower birth energies".
We aisagree with giving credit for 'cause thermal fission'
because once thermalized both prompt and delayed have same
probability of causing fission.

The MIT Reactor uses fully enriched fuel. There {s very
little U=238 and hence little plutonifum buildup. Beta-effec~
tive does decrease on the MITR~II with core life because the
blades are withdrawn further making the effective core volume
larger. Hence, there is less leakage of prompt neutrons.
Recall that from #H.0la, the principal difference bdetween
prompt and delayed neutrons is the leakage probability. Any=-
thing that decreases leakage decreases that difference.

It i{s not necessary to use startup rate. Problem could be
solved directly (and more eacily) using period.

Reason given in answer (less broadening) is correct but the
effect 1is to decrease (not increase as indicated in the
answer) the capture cross-section. Also, MITR fuel tempera-
ture varies only over a range of 30°C from zero to full
power. So, the effe~t {s quite small.

By definition, the shutdown margin is calculated by subtract=-
ing out xenon. So, the answer should be 'No Change'. 1If the
question meant "by how much would the reactor be shutdown",
then the answer (s 'Increase'. (Note: Believe this point of
confusion was discussed by the examiner during the test.)

Question should provide value for specific heat of water.



1.0la

1.02

1.04b

1.09b

Typo in answer. It should be 'level' not 'flow' greater than
900 gallons (not gpm).

The sump system was recently modified. There is now only one
pump.

Typo on units., Should be 0,189 em?/gram. Hence, in solu=
tion, multiply by density {nstead of dividing. Answer is
about 2 cm.

!§£g| Director of Operations and Emergency Director may be
the same person.



J.05a The 13,8 KV breakers are the property of the Cambridge
Electric Company. The Reactor Staff is not alliowei to
operate them. Hence, question is not relevant.

J«10 Also provides shutdown cooling (decay heat removal) when
reactor i{s shutdown. This is a fifth function of the cleanup
system. RSM 3.2.6.



K.01lb

K.02

K.Dba

K.08

K.0%a
K.09

K.09%¢

Answer {s correct but note that fuel must go from the storage
ring ro the basket. It can not go direct from the storage
ring.

Currently two types of boxes. One {s aluminuae-cadmium=-
aluminum, the other is cadmium=lined.

A 1.8% delta K/K {nsertion will .zke the reactor proapt
eritical. The answer should be that such an irsertion will
not cause a transient that i{s beyond the capability of the
safety system to shut down the reactor before fuel damage
occurs.,.

The answer {8 correct but the question's wording is confus~
ing. The safety and operating limits must be verified before
going above | KW, The SRO and Superintendent sign for doing
that evaluation.

Also, radially symmetric.

The MIT Reactor does not use burnadle poisons.

Answer 18 correct but {nserts are currently made of boron
stainless steel.



L.02b

L.03

L.06

L.08

Also, m1. aum required equipment (s provided by self-
contained power supplies.

Answer given is ~orrect. However, please see also PM 5.5.7,
"Building Overpressure"”, which gives other factors involved
fa s2lecting the set point.

Must be two licensed reactor staff members, one of whom holds
an SRO license for Class B, For Class C, could be two staff
members, one of whom has an SRO.

Attachment Two was PM 4.4 page (-5, These pages provide
general advice and they are not the EALs given in the proce~
dures. Hence, this question is diffisult tc grade. Comments
are as follows:

(1) An H; release would be an event. The probabdbility of
problem has been increased, but no radiation release has
occurred.

(2) A waste tank rupture would bz an alert. A radiation
release has occurred, (t {s limited in extent by the
finite tank volume, and it is well below i.vels for site
emergency. Waste tank activity is never more than a few
millicuries, {f that.

(3) This 1is an event as per writtem MITR procedures (The
EALs).

(4) Not classified. Falls within scope of AOPs.



A.02

A.05
B.02a

C.04c
D.03e
E.03

E.03b
E.07¢
F.03d

F.03e

G.0Sb
H.0la

H.01b

H.03

H.04a

ATTACHMENT 4

NRC Response to the Facility Comments

Comment 1s valid and point count will be distributed as indicated in
the answer sheet, The answer sheet anticipated this comment,

Comment is accepted. Answer key will be changed,

Comments are accepted. Answer key will be changed to include these
answers,

Comment valid, Answer key will be changed.
Commer.. valid. Answer key will be changed.

Corment accepted, Answer key will be changed. Suggest change be
made to Reactor Systems Manual p. 3.5,

Comment valid, Answer key will be changed.
Comment accepted. Answer key will be changed.

The question states that no other abnormal condition occurred,
thegeforo F.02 (d) answer is NO SHUTDOWN REQUIRED (error in answer
key).

The question states that no other abnormal condition occurred,
therofo;o F.03 (e) answer is NO SHUTDOWN REQUIRED [answer key is
correct).

Comment 1s accepted., Answer key will be changed.

The answer key was changed to: “because delayed neutrons have lower
birth energies [0.50) which results in fewer delayed neutrons from
?3128110$t from the neutron cycle during the thermalization process

The question was deleted due to the lack of a reference. The value
of the question was reduced by 0.50 points,

Either method s acceptable and since the answer does not change, no
change was made to the answer key,

Noe changes were made to the answer key. The answer s correct,
(Increase), since at the resonance energies the capture cross
section Increases at lower temperatures., refer to Figure 4-2b,



K.09%¢
L.02b

L.03

The answer key was not changed because the candidate was informed
during the examination that Actual Shutdown Margin was "the amount
by which the reactor would be shutdown,"”

The answer key was changed to: "level _ 900 gallons." Please revise
RSM-8,20 to correct this error,

The answer key was charged and the value of the question was reduced
by 0.50 points, Please revise RSM-8,19 and any applicable drawings.

The answer key was charced to reflect the typo in this question,
The correct answer is 2,15 cm,

The answer key was not changed because the reference material
indicates only two (2) individuals: the Director of Reactor
Operations (DRC) and the Radiation Protection Officer (RPO).
However, 1f the full emergency organization is activated, then the
DRO is the Emergency Director.

The answer key was not changed because the 13.8 KV circuit breaker
motor-driven interlock 1s one of the loads which is directly
supplied off the 125 VDC battery supply.

The answer key was changed to include a fifth correct answer:
“provides for decay heat removal.*

The answer key was changed to accept both answers for full credit,

The answer key was changed by deleting the non-required, bracketed
portion of the answer. The answer is stil] correct since the SAR
shows that a 1,8% delta K/K is the 1imit for a step reactivity
fnsertion without fuel damage occuring.

The answer key was not changed because axially symmetric is the only
answer which could be referenced,

The questicn was deleted thereby reducing the value of the question
by 1.5 paints, Please revise RSM-1,4 to reflect this non-use of
burnable poisons,

The question, if used in the future, will be revised accordingly,

The answer key was not changed because a reference for the alternate
answer was unavailable,

The comment was reviewed but al)l other alternate answers did not
have adequate justification to qualify them as a basis for the scram
setpoint, The answer key was not changed.



-
ads
L.06 The answer key was not changed since the Class B criteria are more
stringent.
L.08 The question should have included PM-4.5, "Emergency Action Levels."

L.08a and L.0Bb wil) be deleted because of inadeqaute informaticn,
The value of the question was reduced by 1.00 points.




