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SUMMARY: Written and operating examinations were administered to One (1)
Senfor Reactor Operator (SRO) candidate and One (1) Reactor
Operator (RO) candidate. Both candidates succesfully completed
their respective examirations and were granted 'icenses,
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REPORT DETAILS

TYPE OF EXAMINATION: Replacement
EXAMINATION RESULTS:
| 5RO | RO |
| Pass/Fat)l | Pass/Fatl |
| | |
| | | |
| Written | 170 | 170 |
| | | |
| | | |
| Operating | 170 | 170 |
| | | |
| | | |
|  Overall | 170 | 1/70 |
| | | |

CHIEF EXAMINER AT SITE: E. Yachimiak, USNRC
OTHER EXAMINERS: D. S4lk, USNRC

1.0 Generic Strengths

The following generic stremgth was noted during the administration of
the operating examinaticns. This information 1s being provided to the
Ticensee in recognition of the efforts of the Nuclear Reactor
Laboratory (NRL) staff to adequately trainm and qualify their NRC
Ticense candidates.

Both candidates displayed a thorough know! of the security plan
which has been implemented at the MITR-II. fach candidate briefed the
examiners on the confidentiality of the security plan and explained
the limited “need to know" nature of the security system. Fach
candidate was familiar with the immediate and follow=up actions for
security violations, as specified in the procedures, and was able tc
discuss each action in detail,

2.0 Personnel Present at the Exit Meeting

J. Bernard, Director of Operations, MITR-I]
Q. Harling, Director of Nuclear Reactor Laboratory
K. Kwok, Superintencent, MITR-1]
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A.02

AL 04

8. 02(a)

C.04(e)

D.03(e)

£.03(a)

E.03(b)

E.07(e)

F.03(d)
F.03e)

G.05(»)

ATTACHMENT 3

n 0 £ »

Source i3 not installed.

At 298 kW, the temperature change is still {nsignificant.
The period would still bde 60 seconds., ( : M2, pdd
does give 100 kW as the point of adding heat., We shift to
cooling towers at 250 kW and begin seeing temperatute effects
on the approach to | MW, PM 2.3 p.) 1s in error.)

Also, avoid activation of argon, and

Provide (nert m~dium for transport of disassociated D;/0; to
recosbiner.

Ansver should be 'In'. Om flooding, which would be with D,0,
4 positive reactivity addition is made. (If light water
flooded it, the answer {s correct, but the blister tank (s
surrounded by heavy water.)

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

Should be flow 'guide' not 'shroud'.

Typo = 'bank' should be 'tank’',

Current setpoint Ls 95 gpe. It varies, bdut is alwvays adove
ainimun required of 75 gpe.

Refer to P .2.1 and P 5.5.4., VNelther requires an lamedi~-
ate shutdown, Both allow time to investigate and both
require shutdown by ARI {f certain conditions exist. Not
sure how these should be answered.

MV=8) and MV~64 are referred to as the 'solenoild valves'.
Memorization of valve numbers is not required.




HeOla

H.02b

H.03a

H.04a

R.05H

H.08

facility Cosments on SRO Exam, 12 Sept. 1988

Concur that & > B because of their lower birth energles. As
a4 result they have a lower probabdility of undergoing fast
neutron leakage and to a lesser extent resonance capture,
S0, we agree with giving credit for "lower birth energies”.
We disagree with giving credit for 'cause thermal filssion’
because once thersalized bdoth prompt and delayed have same
probablility of causing flssion,

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

It {s not necessary to use startup rate. Prodlem could de
solved directly (and more easily) using period.

Reason given in answer (less bdroadening) 1is correct but the
effect 1s to decrease (nmot 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 effect is quite small.

By definition, the shutdown margin is calculated by subtract=
ing out xenon. So, the anaver should be 'No Change'. 1If the
question meant "dy how much would the reactor be shutdowm",
then the ansver (s 'Increase'. ( t Believe this point of
confusion was discussed dy the examiner during the test.)

Question should provide value for specific heat of water.
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1.0la

.02

1.04b

1.09

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

The suap system was recently modified., There (s now only one
pumsp.

Typo on units. Should be 0.189 ca’/gram. Hence, in solu=
tion, multiply by density instead of dividing. Answer i»s
about 2 cm.

t Director of Operations and Emergency Director msay be
the same person,



J«05a

The 13.8 KV breakers are the property of the Cambridge
Electric Company. The Reactor Staff is not allowed to
operate them. Hence, question is not relevant.

Also provides shutdown cooling (decay heat removal) when
rea 1ot is shutdown. This (s a fifeh function of the cleanup
sysveq, RSM ).2.6.




K.01d

k.02

K.06a

K.0%a
k.09
¥.09%¢

Answer 1is correct but note that fuel must go from the scorage
ring to the basket. It can not go direct from the storage
ring.

Currently two types of boxes. One is aluminum=~c 2~
aluminum, the other is cadsium=lined.

A 1.8% delta K/K insertion will make the reactor prompt
critical, The answer should be that such an insertion will
not cause a transient that {s beyond the capability of the
safety system to shut down the reactor before fuel damage
occurs.

The answver is correct M * question's wording is confus~
ing. The safety and oper ‘mits must be verified before
going above | KN, The § «sperintendent sign for doing

that evaluation,
Also, radially symmetric,

The MIT Reactor does not use burnable poisous.

Ansver s correct but {nserts are currently made of bdoron
stainless steel,




Also, minimum required equipment {s provided by self=-
contained power supplies.

L.03 Answer given is correct. However, please see also PM 5,5.7,
"Building Overpressure", which gives other factors invelved
in selecting the set point.

L.06 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.

L.08 Attachment To was PM 4.4 page 1-5, These pages provide
general advice and they are not the EALs given in the proce-

dures. Hence, this question i{s difficult to grade. Comments
are as follows:

(1) An H, reiease would be an event. The probability of
problem has been increased, but no radiacion rzlease has
occurred.

(2) A waste tank rupture would be an alert. A radiation
release has occurred, it is limited in extent by the
finite tank volume, and it i{s well below levels for site
emergency. Waste tank activity 1{s never more than a few
millicuries, if that.

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

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



A.02

A.05
B.02a

C.04c
D.03e
£.03a

£.03b
E.07¢c
F.03d

F.03e

G.05b
H.0la

H.01b

H.03

H.04a

ATTACHMENT 4

NRC Response to the Facility Comments

Comment is valid and point count will be distributed as indicated in
the answer sheet. The aiswer sheet anticipated this comment,

Comment is accepted. Answer key will be changed.

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

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

Comment accepted. Answer key will be changed. Suqggest 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 nn other abrormal condition occurred,
therefore F,03 (d) answer is NO SHUTDOWN REQUIRED (error in answer
key).

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

Comment is 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
?01n8]1ost from the neutron cycle during the thermalization process
0.50]"

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

Either method 1s acceptable and since the answer does not change, no
change was made to the answer key,

No changes were made to the answer key. The answer is correct,
(Increase), since at the resonance energies the capture cross
section Increases at lower temperatures. refer to Figure 4-2b,




K.02
K.06a

K.092

K.09%

K.09%¢c

L.02b

L.oa

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 tris 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 applicabie drawings.

The answer key was chanoced 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) individuzls: the Director of Reactor
Operations (DRO) and the Radiation Protection Officer (RPO),
However, if the ful) 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 is 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 sti1] correct since the SAR
shows that a 1.8% delta K/K is Lhe 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 question was deleted thereby reducing the value of the question
by 1.5 points. 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 f.r the alternate
ansier was unavailable,

The comment was reviewed but al) other alternate answers did not
have adequate justification to qualify them as a basis for the scram
setpoint, The answer key was not changed.
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L.06 The answer key was not changed since the Class B criteria are more
stringent,

L.08 The auestion should have included PM-4.5, "Emergency Action Levels,"

The value of the question was reduced by 1.00 points.

|
\
1
L.0Ba and L.0Bb will be deleted because of inadeqaute information.
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U.5 AUCLEAR REGULATORY COMMISSION
PEACTOR OPERATOR LICENSE EXAMIMATION

Facility: MITR-11

Reactor Tyne: Research
Dete Acrinisterec.  88/09/12
Examinar: Gordon Robinson
Candiuvate: Nad tea

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 question. The passing grade requires at least
70% in each catego~y. 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

145 145 P Loce A. Principles of Reactor Operation
14.0 14.0 Ralkls il B. Features of Facility Design

14.5 14,5 =l s C. General Operating Characteristics
14,5 14.5 Rl Sk o D. Instruments and Controls

14.0 14,0 peaTL E. Safety and Emergency Systems
14.5 14.5 Ry o F. Standard and Emergency Operating

Procedures
140 140 R - G. Radfation Control and Safety
100.0 —
Final Grade X

A1l work done on this exam is my owi. I have neither given nor received aid.

Tandicate s Sighature



- NRC RULES AND GUIDELINES FOR LICENSE EXAMINATIONS

Juring the aoministration of this examination the following rules apply:

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

H Restroom trips are to be limiteo and only one candidate at a time may
leave. You must 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.

Print your name in the upper right=hanc corner of the first page of each
section of the answer sheet.

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

Number each answer as to cateqory and number, for example, 1.4, 6.3,

0. Skip at least three lines bDetween gach answer.

1. Separate answer sheets érom pad and place finished answer sheets face
down oOn your desk or table.

2. Use abbreviations only if they are commonly used in facility litecature.

n is indicated in parentheses after the

3. The point value for each questio
ide for the depth of answer required.

question and can be used as a Qu

4. 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, Therefore, ANSWER ALL PARTS OF THE
QUESTION AND DO NOT LEAVE ANY ANSWER BLANK.

6. i¢ parts of the examination are not clear as to intent, ask questions of

the examiner only.
atement on the cover sheet that indicates that the

t received or been given assistance in
done after the examination has

7. You must sign the st
work is your own and you have no
completing the examination. This sust be

peen completed.




18. when you complete your examination,

you shall:

Assemble your examination as follows:

(1) Exam questions on top.

(2) Exam aicds -~ figures, tables, etc.

(3) Answer pages including figures which are part of the answer.

Turn in your copy of the examination and all pages used to ansver

the examination questions.

Turn in all scrap paper and the balance of the paper that you did

not use for answering the questions.

Leave the examination area, as defined by the examiner., 1§ after

leaving, you are found in this area while the examina
in progress, your license may be denied Or revoked.

tion is still






QUESTION w~.04 (2.0

During a normal startup .o ful) power ufter gseveral weers

0% maintenance, the reactor is placed on a &0 second

period., The initial power is 100 watts, With no rod

movement, would this reactor period be sustained for 2

miautes? Show vour calculations and JUSTIFY your answer.. (2.00

QUESTION A.0S (2.0

In & subcritical reactor, if a reactivity of 0,003 delta
K/K is added to the reactor, will it take longer to reach
eaquilibrium i ¥ the initial K-effective is 0,99 or i+

K=¢ffective is 0,795 Briefly Justifr your choicCe. (207

QUESTION A.04 (2.0

& critical reactor 13 placed on a stable reactor period at
low power., When measured with a stop watch, the dounling
time was 35 seconds., WHAT is the approximate react vt

which has been inserted”? SHOW ALL WORK, Useful equations

are appended to the end of the exam, ra«0
QUESTION - 07 (2.0
Indicate whether the follcwing statements are TRUE or FaLZE.
In general as shim bDlades are raised:
3. The axial spatial location of the point of max mum
$lux will be higher, 0.%)
B, The magnitude of the flux (in Part a.) will be
increased, 0:9

2, The magnitude oF the therma! neutron flux available
3t the beam port reentrant thimble tips InCreases.

d, Power densitr decreases in the & and B rings. .

sasseses END OF CATEGORY & sssse.







g, FEATURES OF Facll 1T DESIGN

QUESTION .09 (1.9
EBriefly describe the THRES (3) step process used to genl
a primary beam port, 1.9
QUESTION - B.0D& (2.0)
Consider the reactor core configuration.
2., Briefly e«plain the method used to number the
$ue) element positions i1n the three rings of the
reactor core, (100
B, WHY are the fuel elements designed to be axiallx
gvmmetric? 1.0
QUESTION g.0? (2.0)
In accordance with vour technical specifications, Indicate
the cllowing:
2. Minimum primary coclant sretem flow rate at full

power operation, (0:+3)

Maximum power 'evel with no primary coolant pumps
in operation, (0.%)

N

Maximum allowable Bulk pool temperature during full

power ocperation. v .9
Minimum water level above core (rou mar use the
suerflow pipe as a reference point i you wish), (0.9

(swses ENU OF CATEGORY E sssss)



QUESTION c.01 (2.0

WHAT influences the magnitude of the negative
reactivity inserted when the heavy water reflector is
dumped during a major scram? EBriefly explain WHY this
change in magni tude occurs,

The temperature coefficient of reactivity $or the MITR=-11
encompasses TWO (2) distinct phenomena., Eoth nsert nega-
tive reactivity with an increase in temperature. Eriefl.

describe the reason for this reactivity change for ERACH
phencmenon,

QUESTION c.03 (1.9

Indicate whether the following statements concerning
primary srvstem water chemistry are TRUE or FAL3E. Lon-
§ider each statement separate) v,

a, It is permissible to operate the reactor ¥ the
pH value 18 in excess of 7,0 1§ the cause of the
high pH 18 Known,

. It is permissible to cperate the reactor (4 the
conductivity exceeds 2.0 micromhos when the

cause of the excess 18 known and ig not related to
the fuel or to the primary svstem’s integrit,,

o It is NOT permissible to operate the reactor |4
the chloride reading 13 in excess of & ppm.,

(meses CATEGORY C CONTINUED ON NEXT PAGE ssass)

‘:2.0'




C. CENERAL OPERATING CHARACTER'STICS

QUESTION c.04 (2.0

During full power operation of rour reactor WHAT change in
position of the regulating rod, if any, will be required to
maintain a constant power level (¢4 reactivity changes occur

by the following means: (Assume each change occurs
independent!y.) ;

a. Light water leaks into the heavy water reflector, 0.9

b, A large polyethelene sample is injected into the
reflector tank reentrant thimble using the pneumatic
tube assembly 2PHI1, (0.

¢, The heavy water bl ister tank suddenly floods while
operating with the medical therapr room in use with
all shutters open. (0.5

~d. A large piece of cadmium is injected into the
graphite .ilection region using the pneumatic
tube assembly 1PH2Z, 0.9

QUESTION c.08S (2.0

Give TWO (2) reasons WHY the regulating rod reactivity
worth per inch withdrawn is greatest at the beginning of
rod withdrawa) (first inch withdrawn), (2,00

QUFSTION cC.06 2.9

During the previous week the reactor was operated at full
power for six hours a day from Monday until Wednesdar after~
noon. The following Monday an additional sample was loaded
in an orificed sample assembly., Briefly describe WHAT
information is required to obtain an estimated critical
position, Assume nO new fue)l is added. {

o
L}

QUESTION c.0? 1.5

The fue) management pattern at the MITR=I! usuvally calls

for refueling when the critical shim bank position reaches
“ thh.S.

a. Approximately WHAT is the core excess reactivity
at this time? (0.9

B, WHY is this excess reactivity necessary”? (1.0

(essns CATEGORY C CONTINUED ON NEXT PAGE wssss)




. C.  GENERAL OPERATING CHARACTERISTICS

QUESTION c.oe (1.0
Indicate whether the fcllowing are TRUE or FALSE:

2. 1f in the process of refueling, fresh fuel is placed
in the B=ring and partially-spent fuel ‘s placed in
the A and C-rings, the net result is to concentrate
power in the center of the core, (0.

b. Replacement of an orificed sample asgembly with 2
tuel element ‘ncreases the pover dens. ty n the
neighboring elements, (0.2

(ewess END OF CATEGORY L sssss)




3 NTR
QUESTION 0.0t (2.9

2. PBriefly describe HOW a fission chamber detects
fneytrons,

.-
-
"

. Briefly describe HOW unwanted signals from gammas
and alphas are removed from the cutput signal of
fission chamber. (1,00

AVESTION 0.02 -3

Quring avtomatic cperation, the regulating rod 18 driven

to the near=in nositicn By a glcwly incCreasing react vt
transiert () ,.e, xencn burnout)., Explain the resctor uOh’VC:
gvetem’'s response ¥ no operator action I8 ta.en.

L
-

QUESTION 0.03 (2.9)

Indicate which of the following are interlocks which must
be satisfied in order to obtain initial blade motion
(withdraw - permit interlocks)

a, Hold=down grid latched (Q.%
. Two ocut of three of the Power Level Channels

(Channels 4, S, «nd &) on 3cale 23
¢, Main tank at ouver+tlow 149

ds Inner and/or cuter main lock gaskets pressurs
siwitches closed Q.3

¢, Primary coclant ¢low greater than 1300 gem 348

(sesss CATEGORY D CONTINUED ON NEXT PAG! sssss)




L. INSTRUMENTS oD CONTEQLS

QUESTION 0.04 (2.0)

The "SUB-CRITICAL POSITION" interlock circuit provides 3
convenient reference point 3t which the cperator can
pause to make a complete instrument check before Ering-
ing the reactor to criticality, List TWO (2) other

reasons this interlock is ncorporated into the shim bl ade

control circuit,

QUESTION 0.0% 1.0

WHAT operator action will cause the "WITHORaW PERMIT
CIRCUIT OPEN" gscram alarm to activate without Ccausing the
reactor to scram?

QUESTION D.0& (2.9)
2., Briefly explain WHY the reactor must be held at
' constant power twentv= four hours for thermal

equilibrium to be reached,

5. Once therma) equilibrium is reached, WHAT infaormaticon
is needed o calculate thermal power?

GQUESTION 0.07 (1.9
Briefly describe HOW the conductivity cell in the primar»
coolant meagsures the conductivity ofF the water,

(sessese END OF CATEGORY [ essssse)

(2.0’

(1.9

0



E. SEFETY AND EMERGENCY SYSTEMS

QUESTION E.O1 (2.9

Indicate 4 the electrical ocads listed below WILL ¢r
WILL NOT automatically be supplied by the Emergencr PFowsr
Digtribution Syvetem (¢ norma)l power fails.

2. Startup channel No. | (0.9

b. Rod control (0.")

t. Core purge blower (%9

d. Magnet power (0.9

. Primary coclant auxiliary pump (MM2) (0.%)
QUESTION E.02 (1.3

Indicate whether the fcllowing questions concerning the
Containment Pressure Relief Srstem are TRUE or FALSE.

2. This sritem is intended to be used to relieve al!
tvypes OF pressure buildup in the Building contain=-
ment, (0.9

B, This sretem will sutomatically be actuated 14
the containment pressure reaches 2.0 psig. (0.3

c. This savstem”s charcoa)l filter is designed to absort
most ‘aporoximately 2% percent) of the icdine
that mary be pregent in the exhaust air, (G .9

QUESTION E.03 (2.9
Consider Emergency Cooling.

Moae 2 of Emergencr Cooling assumes the level in
the core tank cannot be maintained at the overslow
leuel, But It has been determined that (¢t is not
dropping below the reactor inlet penetration,

s, Brieé). teacribe the ¢low path through the
core. Lo !

B Indicate the THREE (2) means By which heart
is remouved from the orimary sxstem, ! w?

(emeses CATEQGORY E CONTINUED ON NEXT PAGE #sess)




. SAFETY aND EMERGENCY SYSTZMS

QUESTION E.04 (2.9
Consider the Main Core Tank Leve! Indicators ‘ML-3A4 and
ML=3B).

a, Brief)ly describe the principle of cperation and
arrangement used to produce the main core tank level
indications, C].9

B Indicate the differences in cperation of these lesve!
indicators, (1.0

QUESTION E.O% (2,00

WHAT are the differences in circuitry, if anv, between a
sCram caused by & short period and a scram cavsed By low

primary coclant flow. ¢

In addition to dropping the shim blades, )ist THREE (3

ather

automatic actions a MJOR SCRAM initiates. %

o

QUESTION .07 (1,9

Indicate the 3CRAM setpoints for the following:

L

L.

.

Resctor period 03
Primary coolant low 4)ow (0.9

Low heavy water ¢low (0,9

(messe END OF CATEGORY E sssas)
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QUESTION F.0l (2.9

Consider the temporary bvpassing o¢ a safsty functicn NOT
required by Technical Specifications,

2. I[¥ rnot part of an approved procedure, list the
THREE (32) pecple (by job title) who should approve

the brpass, 1.0
B, WHAT THREE (3) acticong must be takern after the
phvsical netallation of & Jjumper? A
QUESTION F.02 (2.0

Other than radiation monitors and their alarms, indicate

TWO (2 likely indications of a fuel element clacding

failure as given in =ROF %.8.2 "Fission Product Detect-

ian in the Primary Coolant"., (8«

QUESTION F.03 (2.9

For the below listed malfunctions indicate whether thne
immediate actions rr*auire a MAJOR SCRAM, MINOR SCRaAM,
SHUTDOWN BY ARI, or NO SHUTDOWN is required. Assume the
reactor s cperating at full power and has not scrammed
automatically znd that ne cther abnormal conditions mauve
Ceen noted,

8. m Feriod Channe! Level Signal Q¢é-3cale Alarm

occurs, (0.9
. The Low Flow Transter Pump mlarn occurs, (0.2
€« The Low Flow Shield Coolant Alarm occurs, ‘S 9
d: = Low Flow Auxiliary Pump MM2Z Alarm occurs, 0.2
#. = Low Pressure Compressed Air alarm occurs, (0.9

ressees (WTEGORY F CONTINUED ON NEXT PAGE sssss)




QUESTION F.048 (2.0)

“ "High Pressure Reactor Inlet” alarm occurs (AOP S.2.11)

while vour reactor is at $ul) power., In addition to an

increase in the heat exchanger outlet pressure, ndicate

FOUR (4) other conditions that, (¥ any one of them exi st,
require the operator to scram the reactor. (2.0

QUESTION F.0S (2.0

In accordance with »our Technical Specification definitian,
list the FOUR (4) types of reactivity changes that con=
gtitute variable reactivity,

e

QUESTION F.08 (2.0

& serious fire occurs in the control room while the

reactor is at full power., In accordance with AOQF .78,

*“3moke Detector Syatem", WHAT actions should the reactor
operator perform (i possible) prior to evacuating the

contrcl room? (Asume all required persconne! have

been notified,) (a:0)

GQUESTION F.07 (1.5

Indicate whether the ¢cllowing statements cConcerning
3 normal hot weather reactor startup to full power
(80P 2.3.1) are TRUE or FALSZE.

2. 14 the reactor is not critical when the ahim Dan
s ceeds the estimated critical position by 0.%
inches, the shim bank must be lowered to 1.0
inches or more bDelcw the estimated critical

°°"t|°nt ":‘n!

B, UWhen Md of reactor power |8 reached, » #ive
minute S0aK period '8 Mmaintained to allow the
rFeactor core and primary coclant to approach
thermal #quilibrium, (0.,

e, Between B0 KW and 800 KW a 30 to 40 second per:od
i recommended P

(assss ENL OF CATEGOR F sassss)







FaD (TR

"
»,

QUESTION G.04 (2.0

A partable radiation monitor indicates a reading of

S0 mr hr at 3 distance of 10 feet $rom what could be

condidered a radicactive point source (gamma emm) tter).
You are required to work on a valve located © feet from
tie sOUrce. TYou estimate the job will take 10 minutes,
WHAT dose would you expect to receive (f you worked on
the valve for 10 minutes? SHOW ALL WORK. (2.0)

QUESTION G.09 (2.0
Consider the Core Purge Monitor,
3. WHAT type of detector (s used in this moni tor”® (0.9
B, Describe the automatic actions which occur I ¥ the
*High Radiation Core Purge" alarm % actuated., (1.9
QUESTICON 3.0¢ 1.0
AN operator enters an ares that is posted as a ‘radiation
area” (ag defined in 10 CFR 20), He persorms a ,ob that
takes him 40 minutes *o complete., WHAT ¢ the MaxIMM
dose he could expect to receive” (f.9)
QUESTION G.,07 (2.0
according to L0CFR 20, an individual in & restricted area
may BDe allowed to receive 3 whole body dose of radiation
greater than 1,29 Rems per calendar quarter under certain
conditions, MName the conditions, (2.0)>

QUESTION G.08 (2.0)

Bive the following information concerning N=1&

A, HOW 18 N=l& producea”? (9.9
B, WHAT i3 the primary hazard associated with thes
production ¢f N=14&? 0.9

e, 18 N=14 a racgiation problem when the reactor |3
shutdown® Bried)ly explain, f Q)

(ssess END OF Exsd sesss)
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Coprected awsmmer
sperd

F
ANSWERS =-- MITRI] - 88/9/12 - ROBINSON, G.
ANSWER &.01

a. CR2 = 1-i(Keéél) =10
CR1 1=(Kefé¢l) 0.”%)

delta K/K = |-(Keéél) .,04; (Keéfl) = 0,962
hK"‘x) (00

I=(Kef¢2) (0.7

b. TRUE (0.5
REFERENCE

Reactor Physics Notes: Reactor Startup and Reactor Sub-
critical Multiplication p. B,

ANSWER A.02 (2.00

Delayed neutrons from fission fragment decay
(i.e. Br=87 with a 5% second halé~life),

Photoneutrons from gammas (from fission fragment decay)
which interact with deuterium C(in the heavy water
reflector),

Newtrons srom—mretetteg esource T Potonrumy— afd- bessri iy,
(CAE _this—sourcemyy vy tvenr removed—or—+e Tre i o=
nibdigand, |f g0, adjust point value to 1.0 each for above
ANSwers,)

NOTE: Information in parenthesis NOT required to receive
ful) credit $or answer,

REFERENCE

Reactor Physics Notes: Reactor Startup and Reactor Subcritical
Multiplication p. 7 and Reactor Kinetics p. 11.

ANSWER A,03 (2.0)

a. FALSE
b. FALSE
¢. TRUE
d. TRUE

REFERENCE
Reactor Systems Manual! 10.7

Reactor Physice Notes: Reactivity Feedback and Measurement of a
Xenon Transient p. 24, 30, 32.




E T
ANSWERE -- MITRI] - 88/5/12 - ROBINSON, G.

ANSWER 4,04 (2.0
P(t) = P(o) exp (t/tau) = 100 watts exp (480/60) (0.%)
FCt) = 298 kw (0.5
ye s
MNe, increase in mcoerator tompor‘ﬁ:r:'m B

wakl abost ""’wo-ﬂ Cosivy Roartrs W opLratron:

(NOtet: The temperature reactivity feedback effect becomes apparent
at approximately 100 kw, SOP PM 2.3 p. 3.) wew 78y /i/n e’

REFERENCE
Reactor Physics Notes: Reactor Kinetics p. 4
Reactor Systems Manual 10.8

ANSWER A0 (2.00
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 Increased number of
generations which exist with the increased population, (1.9

REFERENCE
Reactor Physice Notes: Reactor Startup and Reactor Subcritical
Multiplication p., 8, 9, 10,

ANSWER A06 (2.0
Perioda = DT = 2395 s¢¢ = 50.9 sec (0.5
493 693
Reactivity = pbeta /(1 ¢ lambda x tau) (0.9
= .00786/¢1 + .08 x S0.% (0.9
= 00156 delta K/K 0.5

or 0,198 beta

REFERENCE
Reactor Physics Notes: Reactor Kinetics and Control Rod
Calibration by Reactor Period Measurement p, 3, 4, 14, |8,




P I
ANSWERS -- MITRII - B8/9/12 -~ ROBINSON, &.

ANSWER a.07 (2.0)
a. TRUE
b. FALSE
¢c. FALSE
d. TRUE
RERFERENCE

Reactor System Manual! 10,2

(0.5
(0.5
(0.9
(0.9
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RS == MITR Il - 88/%/12 - ROBINSON, G.

ANSWER B.0% (1.9

1. Aplug is placed in the port,

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

3. A gasket cover |’ bolted over the beam port’s
opening.

REFERENCE
Reactor Systems Manual! 2.4

ANSWER B.Oé 2.0)

8. Fue! element positions in each ring are numbered
sequentially in the clockwise direction from the
regulating rod position,

B. The elements are axially symmetric so that they
can bDe inverted in order to equalize any peaking
in axial burnup.

REFERENCE
Reactor Systems Maruva' 1.4, !.5

ANSWER B.07 (2.0

a. 1800 gonm

b. 100 K

€. 60 cegrees @

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

REFERENCE
Technical Specifications p. 2-%5

(0.
(0.

(0.

(1.0

(1.0

(0.%
(0.9
(0.5
(0.



o Ce GENERA| QFERATING CHaRACTER] $TICE
ANSWERS - MITRI! - €8/5712 - ROBINSON, C.

ANSWER c.01 (2.0)

The amount of negative reactivity added |s dependent
on the position of the shim blade ban'. (1.0

This effect can be considered as Deing due to the
shadowing influence that the blade bank inserts on the
reflector. (1.00

REFERENCE
Reactor Systems Manual p. 10.6

ANSWER c.02 (2.0)

8. An increase in the Yight water temperature will insert
negative reactivity by causing the hardening In the
neutron spectrum, «1.00

b. An increase in the heavy water reflector temper~
ature will insert negative reactivity by allowing more
neutron leakage. (1.0

REFERENCE
Reactor Systems Manual p. 10,8

ANSWER c.03 (1.9
a., FALSE (0.3
b. TRUE (0.5
¢c. TRUE 0.5
REFERENCE

Operating Procedure Checklist PM 3.1.1.1 p. 13

ANSWER c.ca (2.0)
a. OuUT (0.5
b. IN (0.9
c. &9 N 0.%5)
d. NO EFFECT (0.%)
REFERENCE

Reactor Srstems Manua! p. 10,10
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ANSWERE - MITRI] - 88/%. 12 - ROBINEON, G,

ANSWER D.01 (2.5
8. A neytron entering the chamber Causes & uranium atom
Cin the uranium oxige coating) to fission., (0.7%)
The resulting fission products create a large neg-
ative ion zation pulse in the counting Qas. 0.7%

B. A pulse height selector is used to distinguish the
large negative pulses created by neutron=induced
fissions from the smaller pulse produced by the
gamma ravs and alpha particles, (1.0)

REFERENCES
Reactor Systems Manual p. $.3

ANSWER D.02 (2.3

The avtomatic control circuit can no longer Keep reactor
power at the set power leve)l and power would start to

increase., (0.5
The avutomatic run=down circuit causes a visual alarm, (0.
After 30 seconds delay, the circuit transfers reactor

contrel to manual mode. (0.7%)
The circuit then drives in the selected shim rod. 0.7%
REFERENCE

Reactor S»stems Manua) p. 4.3

ANSWER D.03 (2.9
a, must be satisfiea (0.5
B, need not be satisfied 0.9
€. must bDe satisfied (0.3
d. must be satisfied 0.5
N 5O K40, ST A R

(Acceptable answer therefore s a, ¢, &nd 4.’
i e

REFERENCE
Reactor Systems Manua! p. 4.1 and 4.2




ANSWERS = MITRI] - 88/9/12 = ROBINSON, G.

ANSWER D.04 (2.0)

1. To maintain the shim blade bank programmcd at a uniform
height during the ¢inal approach to eriticalityr, (1.0

2. To establish a level, below the eritical position, teo
which the shim blades mar be individually withdrawn i n
one step. (1.0

REFERENCE
Reactor Systems Manua! 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 Manual p. 4.5

ANSWER D.0é (2.9

a. The graphite reflector has a large heat capacity
and is slow to attain an equilibrium temperature
dstribution, (0.7

b, Primary flow rate, core temp, rise, and Neat capacity., (0.&)
Heavy water reflector flow rate, temp., rise, and heat

capacity, (0.8)

Shield coolant #low rate, temn, rise, and heat

capacity 0.&
REFERENCE

Reactor Systems Manual p. 6.4




Lo INSTRUMENTS Al CONTROLS

ANSWERS = MITRI] | 88/9/12 - ROBINSON, 6.

ANSWER .07 (1.5

Two concentric cylingrical electrodes, measures the

resistivity of the water. (0.5
A potential voltage applied across the cell produces &

current that (s inversely proportional to resistivity, 0.5
Resistivity varies inversely with conductivity, 0.%

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

REFERENCES
Reactor Systems Manual p. &.1



ANSWER E.01 (2.

-~

i oY
- 88/%12 -

a. WILL NOT BE SUFPLIED

b. WILL BE SUPPLIED

€. WILL NOT BE SUPPLIED

d. WILL BE SUPPLIED
e. WILL BE SUFPLIED
REFERENCE

Reactor Srstems Manual p. €.34
ANSWE R E.02 (1.9
a. FaLSE
b. FALSE
¢. TRUE
REFERENCE
Reactor Systems Manua! p. €.23
ANSWER E.03 (2.9
8. The flow goes up through the core and down through
the ¢low 1=:==r—chock values (by natural circulation).
b. i+ Heat lost to ambient .

r
i1, HWeat lost to the reflector Fank

ilis Heat lost to the ofé-yas system

REFERENCE
Reactor Systems Manua!

P

Mme

3.9

ROEINSON, G.

(0.9
(e.%
(0.
(0.

(0.

(0.
(0.9
(0.5

(1.0
(0.
(0.
(0.






. SAFETY aND EMERGENCY SYSTEMS
ANSWERSE -~ MITRI] - 8875712 - ROBINEON, 6.

ANSWER E.Q0é 1.9
1, Secures the ventilation svstem
2., Seals the conta nment shel)

3. Dumps the top part of the heswy water reflector

REFERENCE
Reactor Systems Manua! p. 9.8

ANSWER E.07 (1.8
8. 10 second pericd
B. 1978 gpm

e ;"gpm

REFERENCE
Reactor Systems tanva'! . 5.9

(0.9
\0-5’
0.9

(0.

(0.%

0.
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ANSWERS - MITRII - 8879712 - ROBINSON, 6.

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

1. Any change in reactivity

2. Any decrease in primary coolant €low

3. Any increase in the core purge

4, Any increase in primary conguctivity readings
S, Any increase in the core coutlet temperature
é, ANy increase in the core delta temperature

(Note: Each response is worth 0.0 points,)

RE! ERENCE
Abnormal Operating Procedure PM S5,2.11

ANSWER F.0S (2.0)
Xenon (0.5
Fuel! Burnup (0.5
Sample changes made in operation (0.5
Changes in experiments during ocperation (0.5
REFERENCE

Technical Specifications o, 3-33

ANSWER F.0é (2.0)
Scram the reactor, (0.5
Turn on the *"DO NOT ENTER" gign for the back personne)
lock., (0.9
Remove the reactor KEYS and (0.
Console log (0.9
REFERENCE

Abnormal Operating Procedure PM 5.7.8

ANSWER F.07 (1.3
. TRUE 0.
b. TRUE (0.
¢. FALSE (0.5
REFERENCE

Standard Operating Procedure PM 2.3 p. 2 angd 3




aTion ¢ -l aFETY

ANSWERS = MITRII - 88/9-12 - ROBINSO', 6.

ANSWER 6.01 (1.5
NO (0.5
¢ unit Rem considers the different effects., Rem 1% a
piclogical unit, thus different radiation causing the
same dose in Rem shoulc have the same effect. (1.0
REFERENCE

10 CFR 20
RPO Notes and Memos p. 13

ANSWER G.02 (2.0
ACt) = ACo) ¢ #% - lambda ¢t (0.

t = 1% minutes

ACt) / Alo) = 100 / 200 = 0.9 (0.%
lambda = =(1n 0.9 7/ 1S min = 046 /7 min (0.5
t = «(1n 137100 / (0.0€6/min) = S0 minutes (0.
REFERENCE

Nuclear Reactor Engineering, Glasstone and Sesonske p. 31

ANSWER 6.03 (1.5
a. TRUE (0.
b, FALOE (0.5
¢. TRUE (0.
REFERENCE

MIT Required Procedures fur Radiation Protection p. 20 and 21
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ANSWERS =~ MITRiI1 - 88,5721 - ROBINSON, G,

ANSWER G.04 (2.0)

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

p2 = 7 + * e 240 mr/hr (1.0
E 4t x 5 ¢t

Dose = £240 meshrdx 10 min, = 40 mr (0.

(&0 min/hr)

REFERENCE
Nuclear Reactor Engineering, Glasstone and Sesonske p. 524

ANSWER ¢c.08 (2.0)
2., G~M "Pancake" detector (0.5
R o
b. automatically closes (0.S
MUssd automa‘ically closes yolene & tsolobein vaiee ) (0.9
Core purge blower is turned o¥¢ (0.3
REFERENCE
Reactor Syctems Manusl ., 7.12
ANSWER G.0¢ (1.0
Max imum dose rate is 100 mr/hr (0.5
(40 min /&0 min® x 100 mr = &6.7 mr (0.
REFERENCE

IV CFR 20.203




) ) “FEET

ANSWERS - MITRII - 88/9/21 - ROBINSON, G.

ANSWER G.0?7 (2.0
&, He/she does not exceed 3 Rem per Qquarter. (0.5

b, His/her radiation histroy |8 knowh and recorded
on the proper form (Form 4), (0.5

€. The dose received when added to his/her radiation
history does not exceed S(N-18) Rems where N = the
person’s age at his/her birthdayr. (1.0)

REFERENCE
10 CFR 20.101

ANSWER G.08 (2.0
8. N=1é comes from O0~14 via ain,p) reaction. (0.9
B, Its primary hazard is the high energy Qamma ray
given of¢ 0.
c. NO, (0.2%
because of its short half life (7 sec) (0.7
REFERENCE

Nuclear Reactor Engineering, Glasstone and Sesonske p. 402
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During the administration of this examination the following rules apply:

1.

10,
11.

12.
13.

14,

15.

16

17.

Cheating on the examination meane an automatic denial of your application
and could result in 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 outeside the examination
room to avoid even the appearance or poseidbility 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 oniy the paper provided for answers.

Print your name in the upper right-hand corner of the firet page of each
section of the anever sheet.

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

Number each answer ae to category and number, for example, 1.4, 6.3
Skip at leaet three lines between each answver.

Separate anewver gheete from pad and place firished answer sheets face
down on your desk or table.

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

The point value for each question ie indicated in parentheseeg after the
question and can be used as a guide for the depth of answer required.

Show all calculations, methods, or assumptione used to obtain an answer
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Partial credit may be given. Therefore, ANSWER ALL PARTE OF THE
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.rte of the examination are not clear as to intent, aek questions of
the examiner only.

You must sign the statement on the cover sheet that jadicates that the
work ie your own and you have not received or been given assistance in
completing the examination. This must be done after the examination has
been completed.



"18. When you complete your examination. you shall:
a. Aseemble your examination as follows:
(1) E-am questions on top.
(2) Exam ajide - figures, tables, utc.
(3) Answer pages including figures which are part of the answer.

b. Turn in your copy of the examination and all pages used to answer
the examination questions.

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

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



W, REACTOR THEQRY Page 2

(1.5¢)
QUESTION H.01 <308
&. WHY is the value of Beta-effective greater than the value of Beta?
a (1.00)

deorease WUTINg core 1ITES——cbbi

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

(¢sxxs CATEGORY H CONTINUED ON NEXT PAGE ssssx)




QUESTION H.02 (2.50)

Given that the reactor is suberitical with a Keff of 0.9875 and a Start-Up
channel reading 2000 CPS:

L

WHAT would Keff be after a reactivity addition causee the count rate to
increase to 4000 CPS? SHOW ALL WOFRK

. Would “he reactor be Suberitical, Critical, or Supercritical if

1.59 Beta wae added to the 0. 9875 Keff core? SHOW ALL WORK,

(senss CATEGORY H CONTINUED ON NEXT PAGE sw»sss)




SUESTION H.03 (2.78)
Asgume the reactor is on a stable 40-second period.

A HOW long (in minutes) will it take to chsnge power level TWO (2)
decades’ SHOW ALL WORK. (1.78)

b. HOW much reactivity (in Millibeta) has been inserted into the reactor i1

' order to place it on thies stable period? Assume the reactor was just
eritical prior to thie reactivity insertion. SHOW ALL WORK. (1.00°

(sssss CATEGORY H CONTINUED ON NEXT PAGE sswsx)






QUESTION H. 08 (4.00)

a. Briefly state the Production AND Removal mechanisme for Xe-135 AND
Sm-148. Include applicable elements and isotopes. (3.00)

b. HOW (Increase. Decrease. No Change) would Xe-13f affect the the
reactor s Actual Shutdown Margin TWO (2) houre after a reactor trip fror
continuous power operation at > 100 kW? (0.50

¢. HOW long does it take Xe-135 to build inte a core that has been shutdowr
for refueling? Assume the reactor is run at rated power, (0.50"

(ssssx CATEGORY H CONTINUED ON NEXT PAGE sssss)




QUESTION H.08 (2.00)

8. WHY doee the moderator temperature coefficient become MORE negative as
the moderator heats up?

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

(sssns CATEGORY H CONTINUED ON NEXT PAGE ssses)




QUESTION H.O7 (2.00)

A, :gé?is D20 (heavy water) used in the MITR-1I ae a reflector instead of

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

(sssss CATEGORY H CONTINUED ON NEXT PAGE s»sss)




QUESTION H.08 (1.25)

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

Reactor Inlet Temperature - 110 F.
Reactor Outlet Temperature - 130 F.
Reactor Primary Coolant Flow Rate - 1800 gpm

(#ss%s CATEGORY H CONTINUED ON NEXT PAGE sssxs)



QUESTION H.08 (2.0u)

Anewer the following questions regarding the deeign of the MITR-I1 fuel
elements:

a. WHY must the fuel have a minimum cladding thickness of 0. 008 inches?

b. HOW would a thicker clad affect the ability of a fuel element to
tranefer heat during pover coperations?

(#ssss END OF CATEGORY H w»swss)
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QUESTION 1.01% (2.50)

a. WHAT THREE (3) conditione would individually activate the "Waste Tanks
alarm on the control room scram panel? (1.5%0

b. WHERE would water from the Waecte Tanks vent to if both tanks were
overfilled? (0.80

o. WHAT adminietrative action prevente an inadvertant discharge from the
Waste Tanks to the sewer syatem? (0.50°

(sssss CATEGORY I CON[INJUED ON NEXT PAGE sssss)






QUESTION 1.03 (1.50)
In accordance with operating procedure 3.12.2, "Procedure for Cell Entrv.”

a. WHAT preventative a~tion must be taken to protect pereons from exposure
to high radiation levels whenever the LEFT cell is not on use? (1.00%

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

(#xxax CATEGORY I CONTINUED ON NEXT PAGE »*%%x)




QUESTION 1.04 (2.50)

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

a. 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, calculiate HOW MUCH
lead ghielding (in centimetere) would have to be used in order to lower
the dose rate from 100 mR/Hr to 1 mR/Hr at 1 foot. Assume a mass

attenuation coefficient of 0.189 (gmrem®) and a density of 11.34

(gm/cm3) . Co'"a /9”) (1.00)

(¢xxx% CATEGORY I CONTINUED ON NEXT PAGE #%xxx%)




QUESTION 1.05 (3.00)

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

a. WHAT is the Beta dose 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. Alsc, 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

(#xxx% UATEGORY I CONTINUED ON NEXT PAGE *%%x¥)




QUESTION .06 (1.50)

.

WHAT are THREE (3) gaees that are removed by the Core Purge (0ff-Gas)
System?

(sxxx% CATEGORY I CONTINUED ON NEXT PAGE w»»%xx)




QUESTION [.07 (2.00)

a. HOW do the gamma-sensitive scintillation detectore detect Tritium

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

b. WHY muet blowdownr of the cooling tower basins be secured whenever the
reactor ie not operating?

(#sx¥%%x CATEGORY I CONTINUED ON NEXT PAGE #%%x%x)




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 poesess WHAT TWO (2)
qualifications? (1.00)

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

(wexxx CATEGORY I CONTINUED ON NEXT PAGE sxsxs¥)




QUESTION I1.09 (2.00)

a. WHAT are the TWO (2) reasons for which an individual may be authorized
to incur radiation exposures in excess of the 10 CFR 20 limits?

b. If time permits, WHAT TWO (2) people should make the above authoriza-
tione?

(#xxsx END OF CATEGORY 1 *»»xx)




J. SPECIFIC OPERATING CHARACTERISTICS Page 20

QUESTION J.01 (2.25)

Describe the operation of the pneumatic tube system including both the
rabbit insertion and ejection processes. Identify ALL major components in
your deecription.

(#xx%% CATEGORY J CONTINUED ON NEXT PAGE *»xxx)




QUESTICON J.02 (1.50)

a. WHAT are TWO (2) reaeone for having a CO2 purge maintained to the
water-cooled, vertical sample thimbles? (1.00)

b. WHY ie it necessary to water-cool the vertical thimbles which are used
for sample irradiation? (0.50)

(sxxxx CATEGORY J CONTINUED ON NEXT PAGE *%xx¥x)




QUESTION J.03 (2.50)

Explain the operacion of the Anti-Syphon valves (t>th open and cloeed
positions), specifically addressing HOW the valve would prevent the
complete drainage of the core tank on a coolant pipe break.

Explain the operation of the convection valves during both normal and

loes of coolant flow conditionse. Include in your explanation a
decription of the coolant flowpathe involved.

(s#xx%% CATEGORY J CONTINUED ON NEXT PAGE *%%xx)




QUESTION J.04 (2.50)

Describe the operation of a compensated ion chamber ANL explain WHY
compensation is necessary. Include in your explanation the power levels at
which this detector is used to detect neutrons.

(*x%x* CATEGORY J CONTINUED ON NEXT PAGE #*%s#x)



QUESTION J.05 (2.75)

WHY is 125 volit D.C. storage battery power needed to prevent simultan-
eoug clogur: of “he two (2) main 13.8 KV circuit breakers? (0.75)

. Describe the operation of the erergency electrical power distributicn

system, including the * RVA motor-generator (M/G) set, during both the
loss ard susequent resicration of normal power. (2.00)

(s«x¥xx CATEGORY J CONTINUED ON NEXT PAGE *%%xx)




QUESTION J.06 (2 00)

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

(wx%%%x CATEGORY J CONTINUED ON NEXT PAGE sxx%%)




QUESTION  J.07 (1.50)

a. When operating at full power, WHAT could result if secondary syetem
temperature dropped to less than 6 degreeeg C.7 (0.50)

B. WHAT are TWO (2) actions that could be taken to reduce the rate of
gsecondary system heat removal WITHOUT decreasing reactor power? (1.00)

(wsxxx CATEGORY J CONTINUED ON NEXT PAGE #*%%xsx)




QUESTION J.08 (1.00)

During a reactor startup, WHY is reactor power held constant for FIVE (5)
minutes after each 1 M\ increase in power level?

(#xxxs CATEGORY J CONTINUED ON NEXT PAGE %»%xx)




QUESTION J.09 (2.00)

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

(«xxx% CATEGORY J CONTIKUED ON NEXT PAGE ®w%%sx)




QUESTION J.10 (2.00)

WHAT are %he FOUR (4) functione of the Cleanup System?

(#xxxs END OF CATEGORY J #wsxx)




K. _FUEL HANDLING AND CORE PARAMETERS Page 30

QUESTION K.O1 (2.00)

During performance of a spent fuel transfer:

b.

WHY ie the inner door of the main personnel lock left open? (0.50
WHAT are TWO (2) locations in the core tank from which fuel elements ma:
be traneferred to the transfer caek” (1.00
. WHY ie the reflector dumped prior to fuel movement? (0.50

(esxxxs CATEGORY K CONTINUED ON NEXT PAGE #*s¥ss)




QUESTION K.02 (3.50)
a. Describe the construction of the storage racke currently installed in
the spent fuel storage pool. Include in your description the rack s
material composition AND the reason for the material s use. (2.50)

b. WHAT are TWO (2) reaeones for ueing high purity deionized water in the
epent fuel storage pool? (1.00)

(ssans CATEGORY K CONTINUED ON NEXT PAGE #%sex)



QUESTION K.03 (1.50)

a. HOW much time must elapse between a reactor shutdown and the removal of
fuel frow the core if the reactor had previously operated at power
levels in excess of 100 KW?

(0.50)
b. WHAT is the Technical Specification basies for the above time constraint’

(1.00)

(#ssss CATEGORY K CONTINUED ON NEXT PAGE s»sss)




QUESTION K.04 (1.00)

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

(sssss CATEGORY K CONTINUED ON NEXT PAGE swsws)



QUESTION K.05 (2.00)
In accordance with PM-3.3.2, "Spent Fuel Removal.”
a. WHAT precaution muet be taken by individuale whenever they are
performing physical work activitiee on the reactor top with the reactor
top shield 1id removed?

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

(sxsss CATEGORY K CONTINUED ON NEXT PAGE w»w%sx)




QUESTION K.08 (3.00)

Give the basis for each of the following Technical Specifications:

»

. The reactivity worth of the regulating rod connected to the automatic

control system ie less than 1.8 % delta k/k.

. The maximum controlled reactivity addition rate is no more than:

-4
5 X 10 delta k/k/second.

., The reactivity worth of the D20 reflector dump is greater than the

reactivity worth of the moet reactive shim blade.

(esxss CATEGORY K CONTINUED ON NEXT PAGE ww%ssx)




QUESTION K.07 (2.00)

WHAT are FOUR (4) conditiones that could actuate a Spent Fuel Storage Fool
(EFSP) alarm?

(wsxxs CATEGORY K CONTINUED ON NEXT PAGE wsswxx)




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

a. WHAT TWO (2) individuals must sign the Fuel Loading Verification record
and Fuel Loading Permission Form? (1.000

b. Prior to exceeding WHAT power level muet the Fuel Loading Verification
record be signed by the two above individuale? (0.50)

(#ssxs CATEGORY K CONTINUED ON NEXT PAGE ssssx)




QUESTICN K.O

. For a Fuel Element Assembly which has

 $5

WHAT Fuel Element Assembly design characterietic enables the fuel to
achieve a more complete burnup? (0.50)

I"WItH an increased
tion of a Burnable Poieon limite
e reactivity worth associated with the

for an increase in the element 8 overall

(1.50)

apount of U-235, explain
the initial inc
element

ill allows

. HOW doees the loading of Hafnium, fixed, neutron-absorber platees on the

abgorber epider assembly affect the core’ s nuclear flux/power?
Liet TWO (2) effecte. (1.50)

(exsss END OF CATEGORY K wsssan)
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QUESTION L.0O1 (2.50)

a. WHAT are THREE (3) reasone why all poeitions in the core tank must be
filled and secured with either a fuel element or another approved unit
before operating at full power is allowed per Technical Spocitlcatienog

(1.50)

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

(sssss CATEGORY L CONTINUED ON NEXT PAGE w»wusx)




QUESTION L.02 (2.50)

WHAT THREE (3) reactor parameters have indication which is required to
be supplied by emergency power whenever the reactor is operating? (1.50)

., WHAT are the TWO (2) reasons that the use of emergienny power is probably

not necessary for the MITR-II1? (1.00)

(ssesx CATEGORY L CONTINUEL ON NEXT PAGE #sssx)




QUESTION L.03 (1.50)

A. WHAT reactor building pressure relief system interlock muest be satiefiec
before a reactor etartup can be conducted? (0.50

b. The reactor building overpressure scram is installed to scram the

reactor at leess than 3.0 inches of H20. WHAT ‘s the baeis for the
value of thie setpoint? (1.00

(*sxx% CATEGORY L CONTINUED ON NEXT PAGE »»%x%)




QUESTION L.04 (3.50)

a. WHOSE permigeion is required before a warning tag can be poested AND WHO
may post a warning tag”? (1.00)

b. IHAT are FIVE (5) requirements which must be observed when locking out
facility equipment AFTER permiseion is granted? (2.50)

(sssxx CATEGORY L CONTINUED ON NEXT PAGE s%sx%)
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QUESTION L.0OS (1.50)

i In accordance with 10 CFR Part 50 .54(x), under WHAT conditions can an
operator take reasonable action that departs from a license condition or a
Technical Specification?

(sxxxx CATEGORY L CONT'NUED ON KEXT PAGE *»¥xx)




QUESTION L.08 (1.00)

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

(sxsxxx CATEGORY L CONTINUED ON NEXT PAGE *%%xx)




QUESTION L.o7 (2.00)

a. Whenever jumperes are used to bypaese safety functions., WHERE must a
warning tag be placed so that the reactor is not started until the
bypaes is removed?

b. 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 purpcses?

¢. HOW many individuale #:e required to check the physical installation of
a jumper after it has been installed?

d. TRUE or FALSE:

Safety Functione wiich are bypassed during a normal startup by key
ewitchee on the scram panel are logged onto the Bypase Log Sheet?

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




: (t.50)
QUESTION L.08 o,

a. Using Attachment 2, claseify, if applicable, each of the events listed
below in accordence with PM-4.4, "Emergency Classification System.’

L)

/ o0
1. An experiment ueing bottled hydro léinc i1
i&g the
1
c{ljdL 2. A train derail ete rupture th liquid

anke which were full at the time of the accident.

3. The MIT Campue 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 trippini
of a primary coolant pump.

b. Within HOW many houre after an Alert is ceclared must the NRC be
notified? (0.50

(#sxxx CATEGORY L CONTINUED ON NEXT PAGE ®w#x%)
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(50)

H.01 4266

gee of the greater r .ai _delayed pneutrons to cause
ue to their lower birth energies [0.50)
ssion)

bility for fi

Soales—betidup—{H-56)
1. @=-87 (longest lived neutron precursor) [0.50)
Q. 6@C1u~uz 1 cﬂdﬁl;&cﬂ ‘7:u£ﬁ:kn~ﬂ éﬁa&n&
®. ctor Physice Notes Mq Lt W Co '?°J
whuzkh aas 1o o hewet

dekeryed Vesidiow el
L (2.50) 1&§J£f t%up~1 {&Q 69‘62; rez/rzﬁ«

R1 = 1-K:ff1/1-KReff2 [0.25) . " 4
1/2000 = 1-C.9875/1-Keff2 (0.50) Xty He 'ﬂﬁnJ»aaﬂokzgyzilrn

'2 = 0.99375 [0.50)

= 1.569 (Beta) % 0.00736 [0.50) Prsccr) Co.S9)
= 0.0124974

“= 0,9875 + Rho

‘'z 0.9999974 (0.25)

‘oximately critical [0.50)

Reactor Physice Notes

H.03 (2.75)

Po * 10 ° (SURstime) [0.25)

= 26.06/T (0 25)

= 26 . 06/40 = 0.6515 [0.50)

» = 100 (0.25)

= 10 © (0.68515*¢)

-3 2/0.8515

2 3.07 minutes [(0.50)

= (Beta - Rho)/(Rhoxlamhda) [0.25)
2 (1.0 - Rho)/(Rho*0.1) (0.25)

= 200.0 Millibeta [0.50]

keactor Physice Notes

(sxsxx CATEGORY H CCNTINUED ON NEXT PAGE *x%xx)
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H.__REACTOR THEORY Fage 49

ANSWER H.04 (1.50)

a. "ncrease (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 ie in the fuel where most of the material is U-238 atoms
which makee them more lirely targete for collisions [0.50)

REFERENCE

MITR-11 Reactor Physice Notes

ANSWER H.0% (4.00)
a. Xe production: directly from fiseion [0.50]
(Beta) decay from I1-135 [0.50)
Xe removal: (Beta) decay to Cs-13F [0.50]
neutron absorption (burncut) to Xe-136 [0.50)
Sm production: (Beta) decay from Pm-149 [0.50)
Sm removal: neutron absorption (burrout) to Sm-150 [0.50)

b. Increases [0.50)
c. 40 houre [0.50)

REFERENCE

MITR-1I1 Reactor Phynics Notes

ANSWER H.08 (2.00)
a. because the rate at which water expanue [0.50) increases with
temperature (0 .50)
b. increased leakage (0. 50)
neutron spectral shift [(0.50)
REFERENCE

MITR-11 Reactor Physice Notes

ANSWER H.07 (2.00)

a. because of ite lower thermal neutron absorption croes-section [1.00)]
b. photo-neutron production [0.50) by gamma rays [(0.25]
from fiesion product decay [0.25)

(#xsxx CATEGORY H CONTINUED ON NEXT PAGE ##¥xx)



H.__REACTOR THEORY

Page 50

, REFERENC{

MITR-II Reactor Physics Notes

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

1800 * 8.345 = 60 = 1.0 * 20 (0.50]

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

Q@ = 5.286 MW [0.50)

REFERENCE

MITR-11 Technical Specifications

ANSWER H.08 (2.00)

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

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

REFERENCE

MITR-II Technical Specifications 5-4

(sxxssx END OF CATEGORY H s%x»xx)
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ANSWER 01 (2.50)

I
a. > 800 mpm~ ©

a leak from the tank (3 X 0.50)
ambient temperature <= 32 F.
b. the stack [0.50)
¢. the final valve in the discharge path is kept locked closed [0.50)

REFERENCE
RSM-8.19,8.20

&2

pump one starts [(0.50)

ANSWER 1.02

inlet city water isolatee [0.50)
"Leak Primary D20 System annunciator alarme [0.50)

REFEFENCE
REM-8. 1y

ANSWER 1.03 (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

(#xx3xx CATEGORY I CONTINUED ON NEXT PAGE *x%sx)




ANSWER I1.04 (2.50)

a. Dl = (R1)°2 = D2 * (R2)°2 [0.25)
100 (mR/Hr) * 1072 (£¢2) = D2 * 1°2 (ft2)
D2 = 10,000 mR/Hr [0.25)
A= Ao * e (~lambda * time) (0.25)
lambda = In2 / half-life (0.25)
lambda = 0.04621 (1/minutes) (0.25)
100 (mR/Hr) = 10,000 (mR/Hr) * e (-0.04621 * time)
time = 100 minutes [0.25)
U. T = 1o e (-mu % X) [0.25)
Bu = Jmass attenuation coeficient * 11.34 (gm/cm3) [0.25)
pu = S6—ttrowrto26) )
1= 100 & o (oot x Xy O (152 (fem) Cous]
X = L0168 —ftemi—{L-25)

agrzgncs 2 (9 (ewm) (0.25])

|
MITR-I1 Reactor Physice Notes

ANSWER 1.056 (3.00)
a. open window - closed window [0.50)
2.00 - 1,50 = 0.50 R/Hr [0.50)
B. 1.25 R/Qtr [0.50)
1.25 7 1.50 = 50 minutes [(0.50)
¢e. 3 R/Qtr (0.5 )
5(N-18) R [(0.50)
REFERENCE

10 CFR 20.104

ANSWER 1.08 (1.50)
N-16
Ar-41 (3 X 0.50)
Hydrogen

REFERENCE

RSN-3.2.5

(sxx3% CATEGORY I CONTINUED ON NEXT PAGE w»x%xx)




I.__BADIOACTIVE MATERIALS HANDLING DISFO.AL Page 53

ANEWER I.07 (2.001
a. by detecting the preserce of N-16 [0.50) and F-18 [0.50]

b. because of the short lived half livesa of the detector sensitive isotopes
which are used for tritium detegtion [1.00)

REFERENCE
REM-7.4.1

ANSWER .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 survev
- check ehipping papere againet purchase order
REFERENCE

PM-1.10 page 18

ANSWER 1.09 (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

(sxsxx END OF CATEGORY 1 sxxs%)




J. SPECIFIC OPERATING CHARACTERISTICS Page 24

ANSWER J.01 (2.25)

When a rabbit is inserted. solencide [(0.25) operate in such a manner that a
vacuum [0.25) is channeled between the inner and outer tubes (0.25)

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

the opening of a solenoid which applies atmospheric pressure to the outer
tube [0.25) causee a differential presuure to exist acrose the

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

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

REFERENCE
REM-2.10
ANSWER J.02 (1.50)

a, reduce Argon-4)1 production [0.50)]
prevent nitric acid formation [0.50)
b. gamma heating (0.50)

REFERENCE
RSM-2.9

ANSWER J.03 (2.50)

a. During normal conditione, the valves are closed by hydraulic preesure
lifting the balle upward [(0.25] On a pipe break, the balls drop by
gravity opening the valve [0.25] Wwater then flows out of the core tank
and out the break [0.25) This continues until the water level drope 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 va.vee are closed by hydraulic pressure
lifting the balle upward [0.25) When core flow stops, the balles drop by
gravity [0.25) allowing cold water [0.25) to flow downward through the
valves [(0.25) and up through the core [(0.25)

REFERENCE
REM Figures 1.15,1.16,1.17

(sssxx CATEGORY J CONTINUED ON NEXT PAGE s»%x%)




J._SPECIFIC OPERATING CHARACTERISTICS Paze 55

ANSWER J.04 (2.50)

B10 (n , alpha) Li7 [0.75)

the charged products create ion paire [0.25)

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

by the detector (0.25) the detector also detecte gamma raye [0.25)

80 these pust be compensated for by another ion chamber without

the B10 lining [0.25) this eignal is then subtracted from the

Bl10 lined ion chamber’'s signal [0.25)

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

REFERENCE
RSM-5.3

ANSWER J.0S (2.76)

a. because it supplies power to operate a motor-driven interlock [(0.75)
b. the emergency lighting panel transfer switch immediately connccte to
battery power (0.50)
the M/G set starte immediately [(0.25) but ie delayed from loading
through a tranefer [0.25) for 12 seconds [0.25)
on restoration of power all transfer ewitchee return to their normal
positione [0 .50) and the M/G set is stopped [(0.25)

REFERENCE
REM-8.31,8.32

ANSWER J.086 (2.00)

the ventilation ie esecured

the containment shell is sealed

the top part of the D20 reflector is dumped (4 X 0.50)
the withdrawal permit circuit is interrupted

caueing the shim blades to drop

REFERENCE
REM-9 .8

(#ssxs CATEGORY J CONTINUED ON NEXT PAGE »sxx»
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ANSWER J.07 (1.50)

a. D20 freezing could occur (0.50)

. - shift cooling tower fans to low speed
- adjust cooling tower slate (2 X 0.50)
- bypese flow to basins

REFERENCE
PM-5.4.6

ANSWER v. 08 (1.00)

to allow the reactor core and primary coolant to approach thermal

equilibrium (0.50) thereby reducing etress on the fuel element and
cladding (0.50)

REFERENCE
PM-2.3.1
ANSWER J.09 (2.00)

all ehim blades muet be above the suberitical interlock position
the deviation between power-set and actual power must not exceed 1. 5%
the regulating rod control ewitch muet be in the neutral position
the regulating rod must be withdrawn beyond ite near-in poeition
[4 X 0.50)

REFERENCE
REM-4 4

ANSWER J.10 (2.00)

- maintain the purity of the primary H20
- maintaine core level by means of a continuous overflow [4 X 0.50)
- providee for a surge volume

- providee cooling flow through the H20 medical shutter tank

N fhomuaibg 691 c{LCaz} Laﬂﬁt (jVn“R/ll?

(sssxx CATEGORY J CONTINUED ON NEXT PAGE »»%x%)
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. REFERENCE
REM-3.2.3
REem- 22,6

(ssxss END OF CATEGORY J w®sxxy)
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-

ANEWER K.01 (2.00)

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

transfer basket (core flow guide) [0.50)
e. 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 (useven by seven) matrix of open-ended boxes [0.50)
in an aluminum frame (0.50) COR Ce dmwwismm : . .
made of aluminum-cadmium-aluminum sandwich (0.50] o (G Zyauﬂ
used for corrosion resistance (aluminum) (0.50)
neutron absorption characterietics (cadmium) [0.50)
b. decay heat removal [0.50)
shield pereonnel from gamma radiation [0.50)
REFERENCE

REM-8 .38

ANSWER K.03 (1.50)

a. four (4) daye [0.50)
b. prevent melting from afterheat (1 00)

REFERENCE
MITR-1! Technical Specificatione 3-39

ANSWER k.04 (1.00)

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

(ssxss CATEGORY K CONTINUED ON NEXT PAGE »sssx)
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‘REFERENCE
N'S.‘.l.3.‘-2

ANEWER K.06 (2.00)

a. check that there are nc loose or unattached iteme in their clothing
(affix loose items with tape) [(1.00)

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

RIFERENCE
PN-3.3.2
ANSWER K.068 (3.00)

a. the total worth of the rod is to be limited such that the complete
withdrawal of the rod will not (eeke-Lthe Seaclor -pronph-pupbtent) cause
fuel damage (1.00)

b. in the event of an accidental continuous insertion of reactivity at the
above maximum rate, the respons2 of the reactor safety system period and
level trips will adequately protect the reactor [1.00)

¢. the additional independent capability for reactivity control provided by
the D20 reflector dump gives added assurance that the reactor can le
made suberitical under an adverse condition of fuel loading or control
blade malfunction [1.00)

REFERENCE
MITR-11 Technical Specification 3-32 thru 3-356

ANSWER K.07T (2.00)

loss of power to the SPSP control and alarm panel
a leak from the pool

low SFSP water level (4 X 0.50)
low flow thru the SFSP ion exchanger
REFERENCE

PM-5.7.12, 'Spent Fuel Storage Fool, page |

(sssss CATEGORY K CONTINUED ON NEXT PAGE wsssx)




ANSWER K.08 (1.50)

a. senior reactor operator [(0.50)
superintendent [0 §0)
b. 1.0 KW [0.50)

REFERENCE
PM-1.15

o B

a. it is axially eymmetric (0. .50)
b. The burnable poison has a high abeorpt oss-section for thermal
neutrons [(0.50) so ite negative vity worth initially compensates

, ) for the reactivity wort e added U-235 (0.25)
; After the poiso & & neutron, it is permanently removed from the
competi ocess [0 .50)
hanism delayes the decrease in reactivity worth of the fuel
element, thus increasing ite life (burnup) [0.25)
c. maxinizes [0.25) flux and power (densities) [0.25) in the lower half of
the core [0.25)

minimizes [0 .25) power (peaking) [0 25)
in the top half of the core [0.25)

REFERENCE

RSM-1.3,1 .4
PH-3.3.1

(wssss END OF CATEGORY K sw%sss)



L.W Page 61

ANSWER L.01 (2.50)

a. prevent mechanical damage to the components [(0.50)
prevent core reactivity changes ¢due *o movement (0. .560)
assure proper flow distribution and cooling (0.%50)
(ensure validity of safety limits)

b. 80 as not to appreciably affect core power dietribution (1.00)
(hot channel factor or peaking "actoyr)

REFERENCE
MITR-II Technical Specifications 3-41

ANSWER L.02 (2.850)

a. neutron flux
main tank coolant level (3 X 0.50)
primary coolant outlet temperature
b. loee of power automatically scrame the reactor [0.50)
coolant will still cover the core (melting will not occur) [0.50)

REFERENCE
MITR-11 Technical Specifications 3-23

ANEWER L.03 (1.50)
2. minimum negative differential pressure (0 .50)

b. prevent reactor scram on momemtary low positive pressure [0 50) which
may occur after a ventilation shutdown (0.50)

REFERENCE
MITR-I] Technical Specification 3-10

(ssxss CATEGORY L CONTINUED ON NEXT PAGE sssss)
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ANSWEFR L.04 (3.50)

a. on duty conscle operator (0.50)
anv member of the NRL/RPO staff (0.50)
b. SRO will witnoss lockout
SRO will verify safe system condition (any 5 @ 0.50 each)
person performing work will perform lockout
person performing work will retain the key on his pereon
& notation as to the system being locked out shall be made on the
status board

« the system must be tagged out
REFERENCE

PM-1.14.3

ANEWER L.0% (1.50)
in an emergency [0 .50)
when the action is needed to protect the public health and safety, (0.50)
and no other action is immediately apparent [0 .50)

REFZRENCE
10 CFR Part 50 54(x)

ANSWER L.O& (1.00)

two (2) reactor staif members [0 .50) one (1) of whom shall hold an SRO
license [0.50)

REFERENCE
PH-1.8

ANSWER L.OT (2.00)

. on the shis blade control handle [(0.50)
ehutdown (0.50)

two (2) [0.50)

. FALSE [0.50)

aoo»

(#sxse CATEGORY L CONTINUED ON NEXT PAGE sssss)
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" REFERENCE
PM-1.9

ANEWER L.os jgijE:?)
| A 4TI cﬂ,ﬁyihdb

| Fr—StrreKre
3. Unusual Event FAX 0.50)
4. No Classification
b. 1 hour [0.50)

~ REFERENCE

PM-4.7.1
PM-4 .4

ANSWER L.09 (3.00)

= Af the probability of occurrence or the consequence of an accident or
malfunction of equipment important to safety previously evaluated in the
SAR may be increased [1 .00)

= Af a pomnsibility for an accident or malfunction of a different type than
any evaluated previously in the SAR may be created [1.00)

= 4f the margin of safety ae defined in the basis for any Technical
Specification is reduced [1.00)

REFERENCE
PH-1.4

(#ssss END OF CATEGORY L wssass)
(wasnnnnnns END OF BAAMINATION ssssssssns)



A.02

A. 04

B.02(a)

C.04(e)

D.03(e)

E.03(a)

E.03(b)

E.07(¢)

F.03(4)
F.03(e)

G.05(b)

ATTACHMENT 3

Factlity Comments on RO Exam, 12 Sept. 88

Source is not installed.

At 298 kW, the temperature change 18 still ineignificant.
The period would still be 60 seconds. ( t M 2.3 p.d
does give 100 kN as the point of adding heat. We shift to
cooling towers at 250 kW and begin seeing temperatuve effects
on the approach to | MW, PM 2.3 p.J s in error.)

Also, avoid activation af argon, and

Provide inert wmedium for transport of dissssociated D,/0; to
recombiner.

Ansver should be 'In', On flooding, which would be with D0,
a positive reactivity addition is made. (If light water
flooded it, the ansver s correct, but the blister tank {s
surrounded by heavy water.)

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

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

Current setpoint is 95 gpe. It varies, but (s always above
sinimus required of 75 gpm.

Refer to PM S5.2.1 and PM 5.5.4., Neither requires an immedi~
ate shutdown. Both allovw time to (investigate and both
require shutdown by ARI if certain conditions exist. Not
sure how these should be answvered.

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




H.Ola

H.02b

H.03a

H.04a

H.05b

H.08

Faci n SRO Ex A

Concur that B > B because of their lower birth energles. As
a result they have a lower probability of undergoing fast
neutron leakage and to & lesser extent resonance capture,
S0, we agree with giving credit for "lower birth energies".
We disagree with giving credit for ‘'cause thermal fission'
because once thermalized both prompt and delayed have same
probadility of causing fission.

The MIT Reactor uses fully enriched fuel. There is very
little U=238 and hence little plutonium buildup. Beta-effec~
tive does decrease on the MITR=I1 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 between
prompt and delayed neutrons {s the leakage probability. Any-
thing that decreases leakage decresases that difference.

It is not necessary to use startup rate. Prodlem could bde
solved directly (and more easily) using period.

Reason given in answer (less droadening) 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 effect i{s quite small,

By definition, the shutdown margin is calculated by subtract~
ing out xenon. So, the answer should be 'No Change's 1f the
question meant "by how msuch would the reactor be shutdown",
then the answer {s 'Increase'. (!g*;z Believe this point of
confusion was discussed by the exasminer during the test.)

Question should provide value for specific heat of water.




1.0la

1.02

1.04%

1.09

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

The sump system was recently modifiec. There is now only one
pusp.

Typo on units. Should be 0.189 cu’/ltu. Hence, in solu~
tion, multiply by density instead of dividing. Answer is
about 2 cm.

%_‘x Director of Operations and Emergency Director may be
the same person.




J.05a The 13.8 KV breakers are the property of the Camdridge
Electric Company. The Reactor Staff 1is not allowed to
operate them. Hence, question is not relevant.

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



K.0lb

k.02

K.06a

K.0%
K.0%
K.0%¢

Ansver is correct but note that fuel wust go from the storage
sing to the basket. It can not go direct from the storage

ring.

Currently two types of boxes. One is alusinum~cadaiua-
alusinue, the other is cadmium=lined.

A 1.8% delta KE/K i{nsertion will make the reactor proapt
critical. The answer should be that such an insertion will
not cause & transient that is beyond the capability of the
safety system to shut down the resctor before fuel damage
occure.

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

Also, redially symmetric.

The MIT Reactor does not use bdburnable poisons.

Answer is correct but inserts are currently made of boron
stainless steel.




L.02b

L.03

L. 06

L.08

Also, wminisus required equipment {is provided by self-
contained power supplies.

Answer given is correct. However, please ser also M 5.5,7,
“Building Overpressure"”, which gives other factors involved
in selecting the set point,

Must be two licensed reactor staff members, one of vhom holds
an SRO license for Class B, For Clase C, could be two staff
sexbers, one of whom “as an SRO,

Attachment Two sas PM 4.4 page 1=5. These pages provide
general advice and they are not the EALs given in the proce~
dures. Hence, this question {s difficult to grede. Comments
are as follows:

(1) An Hy release would be an event. The probadility of
problem has bdeen increased, but no radiation release has
orcurred.

(2) A waste tank rupture would be an alert. A radiatior
re’ease has occurred, it 1is lisited in extent by the
finite tank volume, and it is well below levels for site
emergency., Waste tank activity is never more than a few
eillicaries, if that,

(3) This 1s an event as per written MIT rocedures (The
EALs).

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




G.05b

H.0la

ATTACHMENT 4

NRC Response to the Facility Comments

Comment i1s 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.
Comment valid, Answer key will be chanyed.

Comment 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 othe- abnorma condition occurred,

h |
|
therefore F.0% (d) answer 1s NO SHUTDOWN REQUIRED (error in answer
key).

The question states that no other abnormal conditior occurred,
therefore F.03 (e) answer is NO SHUTDOWN REQUIRED (answer key 1is
correct)

Comment is 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
being lost from the neutror cycle during the thermalization process
ro.s50)"

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

Either method 1s acceptable and since the answer does not changc, no
change was made to the answer key,

No changes were made to the answer key. The answer is correct,
(Increase), since at the resonance energies the capture crost
section Increases at lower temperatures. refer to Figure 4-2b,




H.05b

1.07a

1.02

1.04b

1.09%

J.05a

J.10

K.02
K.O6a

K..9

K.09b

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 changes to: "level _ 900 gallons." Please revise
RSM-8,20 to correct this error.

The answer key was changed 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 chanoged to reflect the typo in this ques*ion.
The correct answer is 2.15 cm,

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

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

The ans sr key was changed to include a fifth correct answer:
“proviues for Jecay 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 st111 correct since the SAR
shows that a 1.8% delta K/K is the limit for a step reactivity
insertion without fuel damage occuring.

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

The question was deleted thereby reducing the value of the question
by 1.5 points, Please revise RSM-1.4 to reflect tnis non-use of
burnable poisons.

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

The answer key was not changed . 'csuse a reference for the alternate
answer was unavailable,

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




L.06

L.08

The answer key was not changed since the Class B criteri are more
stringent.

The question should have included PM-4,5, “Emergency Action Levels."”
L.08a and L.08b will be deleted because of inadeqaute information.
The value of the question was reduced by 1.00 points.



