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REPORT DETAILS

Examiners

*R. L. Higgins
T. D. Reidinger

*Chief Examiner

e e e e e e ———————

An examinaticn review meeting is nc longer conducted. Facility comments,
followed by the NRC response, are listed below.

Answer should refer to the cel) effect as the behavior of Ir H, . provides
about 55% of the regative fuel temperature coefficient, Doppl&r'Broadening
is a secondary effect and is responsible for about 20% of the negative

fuel tenperature coefficient., Reference NE 39C notes Section A Reactivity
Coefficient Fuel Temp.

NRC Response:

Agree., The answer was changed to: “"The basic reason for this reactivity
decrease comes from heating the zirc hydride that is mixed with the

fuel. As temperature is increased, the hydrogen atoms go into a
vibraticonal state with an energy of 0.13 ev and may go tc a Second state
with an energy of 0.26 ev. When a thermal reutron (0.025 ev) collides
with the hydrogen atom, the energy is trensferred and hence the neutron
is essentially de-thermalized. ?1.0)

Part of the reactivity decrease is also attributed to the Doppler
broadening. The resonance peaks are broacened due to the heating of
U-238, which increases the rescnance absorption as the neutrons slow
down." (1.0)

Question H.05. Facility Comment:

First part of answer on intimeny should not be necessary to answer the
question asked.

NRC Response:

Disagree. Antimony - berylium is & secondary source: the entimony is
stable until it absorbs & neutron. This fact must be mentioned in order
to receive full credit.



Question 4.06.a. Facility Comment:

First sentence of question is ambiguous.

NRC Response:

Agree. The question should have been phrased: "Assuming a neutron
source strength of 100 counts per second, . . ." The examinee had no
problem interpreting the question during the examination.

Question H.06.b. Facility Comment:

Will solve with natural logs. Answer will be nearly the same.
.001 = Keff"

In.001 = In.999 n
- In.001
1n. 999

n = 6904 gen.

Could also have used n = ;2;%?%

as In Keff = .999 approximately equal to -.001

NRC Response:

Agree. Either of the above methods is satisfactory and will be awarded
full credit.

Question H.08. Facility Comment:

Answer is correct for LOPRA but incorrect for TRIGA, it is also correct
if one assumes no reactivity change associated with removal of the
source. In the TRIGA removal of the source includes removal of a void
from the core and hence a positive reactivity addition so power would
increase.

NRC Response:

Agree. If the examinee specifies in his answer the specific reactor he is
describing, either of the above answers will be awarded full credit.



Question H.10. Facility Comment:

Not very relevant.

NRC Response:

Disagree. Though no xenon oscillations occur in the TRIGA or LOPRA,
xenon oscillations are described in facility literature and are thus
legitimate examination topics.

Question 1.05.a. Facility Comment:

There is only one damper in the exhaust system. This was corrected in
some SAR Drawings and is correct in the 390R Drawings.

NRC Response:

Agree. The answer was modified to eliminate all reference to the damper
in the main exhaust duct. The facility is admonished to correct the
erroneous reference material. It is impossible to create an accurate
answer key if the facility reference material is filled with incorrect
information.

Question 1.06. Facility Comment:

Not Necessary
NRC Response:

Disagree. The phrase was taken word-for-word from the TRIGA FSAR. [f the
delay tanks are not necessary, the facility literature should be revised
to reflect this. In any event, the word "necessary" does not affect
question interpretation.

Question 1.08. Facility Comment:

This has changed a great deal over the years. Reactor personnel are also
not involved. We call the health physics office.

NRC Response:

Partially agree. The answer for part "a" was changed to "Notify the
health physics office to arrange for disposal.” The facility literature
should be changed to reflect current solid waste disposal procedures.
Though reactor personnel do not personally package or transport solid
waste they nevertheless should know which organization must be contacted
in order to properly dispose of solid waste.




Question 1.09. Facility Comment:

Same as I-8.

NRC Response:

Partially agree. The answer key was modified to also grant credit for
the response “Notify the health physics office to arrange for disposal.”

Question I.12. Facility Comment:

Answer is only in case evacuation is necessary. Otherwise he only scrams
the reactor.

NRC Response:

Disagree. This question is taken from the Radiation Emergency Plan.
If the procedure should be revised, the facility should revise it.

Question J.02. Facility Comments:

Two facility comments were made, and the NRC will respond to each one.

Facility Comment 1:

Not relevant.

NRC Response:

Disagree. The term "albedo" is mentioned in the LOPRA SAR, and the
examinee should understand what it means.

Facility Comment 2:

In this case albedo refers to reflected neutrons.

NRC Response:

Agree. The answer was changed to "The fraction of neutrons reflected.”




Question J.10. Facility Comment:

The Shim Rod is not used to maintain power on the squarewave. The
"Slave" system does not work because the shim differential rod worth and
Reg rod worths are not the same when the change over is made (i.e., Reg
out to shim out, Reg in).

NRC Response:

All mention of the shim rod being automatically adjusted was removed in
the answer key. Facility literature should be revised to reflect current
operating practices.

Question K.01.b. Facility Comment:

Values range from .3 to .5 ¢/division.

NRC Response:

Agree. The answer key was changed to "$.003 to $.005."

Question K.0l.e. Facility Comment:

60¢ - last amendment to Technical Specifications on LOPRA.

NRC Response:

Agree. The answer key was changed to "$.60."

Question K.02.a. Facility Comment:

Second tool is kept in the TRIGA Tank.

NRC Response:

Agree. The answer was changed to require the mention of a second tool in
the TRIGA tank in order to receive full credit.



Question K.05.c. Facility Comment:

Correct setpoints are:

+5 high level (stop primary pump, close valves, high level scram)
o 3 gpm fiow stops

-6 8 gpm flow starts
=12 low level (stop primary pump, close valves; low level scram)

NRC Response:

Agree. The answer was changed to reflect these revised setpoints. The
facility is a admonished to revise its literature to reflect actual plant
setpoints.

Question K.07. Facility Comment:

1. No lTonger moved due to broken winch.

2. First answer is required only if LOPRA is made inoperative by
Technical Specification Definition.

NRC Response:

) Agree. Moving the assembly is one of two possible correct responses.
Full credit will be awarded if the examinee states: 'place a
neutron-absorbing screen between the thermal column and the LOPRA."

2. Disagree. This is required by the LOPRA SAR and is therefore

required for full credit. The facility is admonished to revise
its literature to reflect current operating practices.

Question L.08. Facility Comment:

Hopke's Lab is the Environmental Studies Institute.

NRC Response:

Agree. Full credit will be awarded if "Hopke's Lab" is used instead of
"Environment Studies Institute Annex."



. ey

Question L.14. Facility Comment:

Could have picked a more meaningful definition.

NRC Response:

Disagree. "Shutdown Reactivity" is a fundamental term with which the
examinee should be familiar.

3. Exit Meeting

On January 16, 1986, at the conclusion of the oral examination, the chief
examiner held an exit meeting with facility representatives Craig Pohlod,
the Reactor Supervisor, and Gerry Beck, the former Reactor Supervisor.
The chief examiner informed the facility representatives that the SRO
candidate clearly passed the oral and plant walk-through portions of the
SRO examination.

The following additional items were mentioned:

i The literature used by the Chief examiner to prepare for the
examination was incorrect and incomplete. The facility
representatives agreed and assured the chief examiner that the
literature would be corrected prior to the next NRC license
examinations.

The components (pipes, valves, heat exchangers) were not labeled.

"~

3. Some portions of the Reactor Building were quite dirty, and there
was a large amount of extraneous material cluttering certain areas
of the Reactor Building.

4. Two beam ports were not adequately locked shut.

5. There was no Tornado Response procedure.

6. Several radiation instruments were not properly calibrated. The
portable neutron detector was almost six months overdue for
calibration. The Continuous Air Monitor for the ventilation system

has a missing calibration sticker.

7. The chief examiner thanked the facility representatives for their
cooperation during the course of the examinations.



Matin

U. S. NUCLEAR REGULATORY COMMISSION
SENTOR REACTOR OFERATOR LICENSE EXAMINATION

FACILITY! UNIVERSITY OF ILLINOIS

-

REACTOR TYFE:! TRIGA ADV

e - ——— -

DATE ADMINISTERED: 86/01/15

- -

EXAMINER: HIGCCINS, K.

e

AFFLICANTS

- e

INSETRUCTIONS TO AFFLICANT:

- ——

Uce seperate

- ——

raper for the answers, Write answers on one side only.

Stzple question sheet on top of the answer sheets, Foints for ezch
question are 1ncicated 1n parentheses after the question, The peassing

grade recuires
€3

&t leacst 70% in ezch catecorye.
gminztion parers will be picked wp s1 (&) houre after

the examinstion starts.,

CATEGCORY % OF
VALUE TOTAL

- —— - -

-

' #ll work cone orn

% OF
AFFLICANT'S CATEGORY
SCORE VALUE CATEGORY
___________________ H. REACTOR THEORY
___________________ I. RADIOACTIVE MATERIALS HANDLING
DISFOSAL AND HAZARDS
___________________ J. SPECIFIC OFERATING
CHARACTERISTICS
___________________ ¥+ FUEL HANDLING AND COKE
FARAME TERS
___________________ L. ADMINISTRATIVE FROCEDURES
CONDITIONS AND LIMITATIONS
TOTALS
FINAL GRADE %

this examination 1€ my owne I have neither

. giver nor received aid,

- e e e

AFFPLICANT'S SIGMATURE



H. REACTOR THEORY FACE

QUESTION H.01 (1.00)

What will happen to @ neuvtron outside the nucleus 1f 1t never gets
sbsorbec?

QUESTION H.02 (1.50)
Why 1¢ the value of ﬁeff different from /33:?.”

QUESTION H.O03 (2.00)

Explain why an increase in fuel temperature decreases reactivity,

QUESTION H.04 (1.00)

Why 1t & neutron source needed for reactor startups?

QUESTION HK.0S5 {(1.50)

Explain how the two TRIGA neutron sources produce neuvtrons.

QUESTION H.06 (2.00)
courta ‘
2. Assuming & neutron source strength of 100 mewtsesnse per seconds what will

be the eguiliz~ium count rate 1f the source i1s pleced 1n the gresence of
@ reactor assembly which has an effective multaiplication constant (Keff)
of .99? Show your work., (1.0)

b. If Keff is raised tov 999y how many neutrorn generations must elapse
before the count rate attains 99.9% of i1ts equilibrium value (withan
0.1%Z of ite equilibrium value)? Show your work. (1.0)

QUESTION H.O07 (1.50)

If the TRICA ha:s & Keff of .96y how much reactivityr in dollarss must be
added tc make the reactor criticzal? Show your work.,

(xwxxx CATEGCOFY H CONTINUED ON NEXT FACE ss»mxs)



H.

REACTOR THEORY

GUESTION H.0E

What would happen

Just critical”?

QUESTION H.O0%

(1.00)

1f the neutron

(2.00)

source 1c removed from & reactor which 1¢

With & reactor period of SO secondss how long will 1t tabe for rezctor
power to increase from S0 watts to 1 kilowatt”®

GUESTION H.10

E«plein how rod motion céen

QUESTION H.11

Wz

gssuning $8.00 of

t will reactar

Show your work.

QUESTION H.12

Uhy

(2.00)

rower be 1mm
negative resa

(1.00)

dorn't delayed neuvtrone cau

QUESTION H.13

Choose the correct response.
equilibrium reactivity value 1

)

40 hours
400 houre
Q4600 hours

the time cepends

(XEx 2

(1.00)

vpor the n

CATEGOFRY H

cause xenon oscillation

eciztely after & re:
ctivity 1s added by

se fission in U-2387

Samarium 3s & poison
n approximately!

eutron flu: level.

CONTINUED ON NEXT

1in

FAGE

Show your work.,

the core reaches an

Xxawr




H. REACTOR THEORY FaCE 4

QUESTION H.14 (1.00)
Which cne of the following will NOT affect the peat power of & $2 pulse!l
8. delayed neuvtron fraction.
b. average neutron lifetime.
c. number of fuel elements i1n the core.

J. heat capacity of the fuel.

(xxsxx END OF CATEGCOFRY H AR EN
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I. RADIDACTIVE MATERIALS HANCLING DISFOSAL AND HAZARDE FAGE ]

- e A R R e R e M e e e e e

GUESTION 1.01 (1.00)
What are the three NRC limits for externcl radistion e posure?

QUESTION 1I.02 (1.00)

What three criteria must be satisfied/observed to gllow & radiation worker
to exceed the NFZ external whole body rzdietion enposure limite?

GUESTION 1I.03 ( +50)

What evternal whole body radistion erposure limit must be observea for
individuals under 18 years of a3e”

QUESTION 1I1.04 (1.00°
Nzme two fissior procductss oiher than 1ocines which #re Jzzes 8t T(
tempe zture.

GUESTION TI.05 2.00)

2. What sutomatic action takes place to limit iodine release through the
vertilation systea® (1.95)

b. What detector 1¢ used to cause this automatic action® (0.5)

QUESTICN I.06 (2.50)

According to the FSAR, it 1s necessary that the radioactive coolant water
emerging from the core be delayed about 90 seconds before bein3s introduced
into 2reas that smay be occupied.

2. Write the equation for the formation of the radiocactive i1stope which
males this delay necessary. (1.0)

b. What is the half-li1fe of this radioective isctope” (0.5)

c+ What design festurel(s) 1s/are installed tu provide this 90 second
delay? (1.0)

(xxxxx CATEGORY I CONTINUED ON NEXT FAGE »s»wx)



I. RADIDACTIVE MATERIALS HANDLING DISFOSAL AND HAZARDS FAGE é

QUESTION I.07 (2.00)
What 1s the function of the Eeam Caztrchers?

Q'ESTION 1I.08B (3.00)

a. Describe how the University of Illinois disposecs of high-level solid
radioactive wastes. (2.0)

b. Where are high-level solid radicactive wastes stored a2t the Uraversity
of Illinoic?® (1.0)

QUESTION 1I.0¢ (1.00)

How does the University of Illinoie dispoce of licuid redioective westes
from the retention tank 1f the ectivity in the tank 1¢ too hiagh to allow

release to the sznitary sewer syveten”

QUESTION I.10 (1.00)

How 1s radicactive Argor 41 producen?

QUESTION I.11 (1.00

2. What sound does the a: jible alerm for the Tracerlab S-Chennel Ion
Chamber Systecn mabke? (0.,95)

b. What sound does the audible slarm for the Air Farticulate Monitor
make? (0.5)

QUESTION I.12 (3.00)

What six immedizte actione muwst the licenzed operztor tabe 1f hiah off-3s&:
activity occurs while the rezctor 13 in operation”

(»xxxy CATECORY I CONTINUED ON NEXT FALCE ®»xxny»)




I. RADIOACTIVE MATERIALS HANDLING DISFOSAL AND HAZARDS FAGE ?

GUESTION TI.13 (1.00)
&. True or False. Rubidium-B88 1¢ & Radorn daughter. (0.9)

b. True or False. Materials composed of elements with high atomic weights
make the best neutron shields., (0.5)

(xxxx» END OF CATEGORY I w»»»»n’



J. SPECIFIC OFERATING CHARACTERISTICS FAGE €

QUEESTION J.01 (1.00)

Explain how and why the reactivity of the LOFRA will change 1f the LOFRA 1%
moved from i4- normal position nevt to the bulk shielding thermal column.

GUESTION J.02 (1.00)

The LOFRA SAR states that *the portion of the thermazl column contairing
two feet of graphite i1s lined with polyethylene tc provide & grezter
albedo.® HWhat 1s *slbtedo’”

Explain how the retural convective cooling loop it designed to gilow
nztural convection to avtomztically comnence upon lecss of forced convectins
while avoiding 1 terferernce with the coolent flow o 3

convection.,

GUESTION J.04 (3.00)

&. What are the two functione of the emergency core spray ccoling
systen? (2.0)

b. Hhat design feature is 1nstalled in the emergency core Spray cooling
system to prevent a lesk 1n the cmer3ency core spray cooling systen

piping from draining the Reactor Tank? (1.0)
QUESTION [.0S (2.00)
Exzlain why 8 reduction in the level of the bulk shielding facility could
cauze 2@ LOFRA scram.
GUESTION J.0¢ (2.00)

Why would 2 leak in the primary coolant linez betwueen the TRIGA core anfd
the isolaetion vazlves not result in the complete dreining of the Reactor
Tenk?

(x3xxxx CATEGORY J CONTINUED ON NEXT FAGE »x3xx¥)
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Je SFECIFIC OPERATINGC CHARACTERISTICS FAGE

- ——————————— i ———————— - -

QUESTION J.07 (2.00)
Explain why all the TRIGA rods scram wher elect i1cal power 15 lost.

QUESTION J.0B (2.00)

During forced convectiony the temperature rice through the core will double

if reactor power doubles. During free convections the tem erature rice
through the core will increzse» though bty lecs thern 2 factor of twosr af

reactor power doubles. Explazin why the increace 1n the temperature rise

across the core 1¢ less for the free convection case than it 1¢ for the
forced convectior. cese.

QUESTION J.0¢ {2.00)
&. The poison section of the TRICA control ror. consiste of __ v (10:5)
t+« The reas ere "fuel followe! * rods. (0.5

€s Why 1s the adjustable transient rod constructed with an @ir
follower? (1.0)

QUESTION J.10 t2.00)

How are rods controlled during square-wave operation®

(x3xn® END 4" CATEGODRY J x=msxs)




K. FUEL HANDLING AND CORE FARAMETERS

QUESTION K.O01

a. Burn-up of U-235 ¢ TRIGA reactor 1s estimated to be
day of operztion.

b. A single rod division 1s worth approximately in reactivity. (0.%5)

c. The equilibrium rezctivity value of Xenon for the TRIGA at 1.5 ME
ie spproximately

d. The equilibriue reactivity value of Samari m for the TRIGA 1s
appro<imately (0.5)

e. The excess resctivity in the LOFRA 1¢ limitecd

QUESTION L.ET
Where «= the fuel he
b What precezution 18 taren to prevent
fuel-moderator cloaonte® (0,50
RUESTION K.,.02 (1.00)
Which two individusls control the keye to the roon where the cold fuel
elements are stored”?
QUESTION K.04 (2.00)

Explain how irradiated fuel elements can be placed 1nside the fuel transfer
cask without exposing fuel handling personnel te high radiation fields.

(xxnx® CATEGORY K CONTI«JED ON NEXT FAGE »x¥¥x)
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K. FUEL HANDLING AND CORE FARAMETERS FAGE 11

QUESTION K.O0O (6.50)
@+ The normz]l Rezctor Tank water level (reference point) 1s above

the top grid rlate of the core assembly. (0.%5)

b. The two intermediate level trips are below the reference point and

-

T m; the reference poirt. (1.0)
c. What gutomatic actiorn occure 1f the Keactor Tank water level drops to

the lower intermed:izte water level trip setpoint? (0.5)

d. Mhat avtomatic action occurs 1f the Reactor Tank water level rises to
the upper 1ntermedizte water level trip setpoint?® (0.5)

€. The emergency level tripe 2rve set &t _____ below &nd _ ____ abcve the
reference point. (1.0

L.O
f. What 1¢ the bszic for the hisher emergency water level trip”® S&-SL

*

3. What gutomali:c sctione will teve place 1f water level drops te the
lower emergency weter level trip setpoint? ol

(2:0)

QUESTION K.0é (1.50°
&. How many scren-cazpable rods does the LOPRA have? (0.95)
be What neutron-abzorbing meterizl 1z weed in the LOFRA control rods? (0,5
c. Movements of LOFRA fuel shall not be made eucept under t,ne direct
supervision of _____ « (0.5)
QUESTION K.07 (2.00)

List two modifications which must be done to the LOFRA 1f the TRIGA 15
to be operated gbove one kilowsztt and no experiments]l work with the LOFRA
is 1n progreszs.

(»xnx»» CATECORY ¥ CONTINUED ON NEXT FACE =x3xx3n)
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FUEL HANDLING AND CORE FARAMETERS

QUESTION K.OE (3

=

«00)

The reazctivity worth of a single experiment auct be less

(0.5)

The TRIGA may be operated for & ma:imum time oOf whern the
ie not in operztions provided that reactor power 1s

ventilation systen
not rai1sed stcocve

The totazl of the absolute value:s of all experiments 1n the TRICA must

be lese than

uwel temperzture
E-rins 1ncstrumented

o

A witer tenperature
the core ex1t cocl

m fuel temperature nof 2

ster temperature of

(xxxxy END OF CATECORY ¥ ®xx¥x)
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L. ADMINISTRATIVE FRGCEDURE-- CONDITIONS AND LIMITATIONS FAGE 13

PUESTIOUN L.C: (1.00)
Whet 1¢ the Shutdown Mar3in requarement for the TRICGA?

QUESTION L.O2 (1.00)

Escnrted visitors may be tabern intou the reactor zres only with the approval
of the or the .

- -

PUESTION L.03 (2.00)
. Whet ie the whole body docse limit for saving & life?® (0.D3°

b, Whoce permission must be obtained pricr to evceeding noresl
prcurgtiong]l radiztion exposure limits? (0.5)
C. ¥hoze permission nust be gbtazined prior to re-entering the rezctor

53

boalding efte- = radiaticon emergency? (0.0

o,

T ue or Felee. ¢y wewver of Crouvp B can take sany action which he
deenz necesszry if he conciders & delay to be deteriment2]l to the
cefety of perzonnel in the imnediate area. (0.3)

e. £ radiclogice. emergency which regquires evacuation of the reactor
buwilding would be classified e aln) _____ o (0.5

b. & radiclogiczl emergency which requires evacuvation of adjacent buildings
would be classified &8s aln) _____ o (0.9)

BUEESTICN L.0S (1.00)

Mzue the ‘wo bze.c checke which ere uvesed to determine whether zll personnel

who hEd beer in 4he reasctor building prier to &n evacuation have left the
.

S s NZs

QUTSTION L.0¢& (1.00)

Wrere zre personnel who have evacuasted the reactor building reguired to
rezscentle”

(xxxxs CATEGORY L CONTINUED ON NEXT FAGE »¥xxx3)



L+ ADMINISTRATIVE FROCEDURESs, CONDITIONS AND LIMITATIONS FAGE 14

QUESTION L.O7 (1.00)

Whet 1s the primary means of communication used to notify the crnsite
emer gency organization during an emerjency”?

QUESTION L.OB (1.00)

In which buildings are the slternaste emergency support centers located?

QUESTION L.OS 1.00)

What environmentzl factor i1e used to decide which emergency support center
to use®

QUESTION L.10 (1.00)
what 1¢ meznt by the term "Rezctor Shutdown®?
GUESTION L.11 (2.00)

What 1¢ meant by the term *Reactor Secured®?

QUESTION L.12 (1.00)
Whzt are the two TRIGA Safety Limite?

QUESTION L.13 (1.00)

State two actions which must be taken immediastely after @ TRIGA safety
limit 1s exceeded.

CQUESTION L.14 (2.00)
Whzt is meant by the term *Shutdown Reactivity'?

(wxxxxx CATEGORY L CONTINUED ON NEXT FAGE w»sxs»)




L. ADMINISTRATIVE FROCEDURES, CONDITIONS AND LIMITATIONS FAGE 195

- —— - ==

QUESTION L.1% (1.00)

Who can make temporary changes to @ TRIGA operating procedures assuming
the changes do not modify the procedure's original intent?

QUESTION L.16 (2.00)

List two of the six general categories of Abrnormel Occurrernces.

(xxxxx END OF CATEGORY L ®xxx»)
(exxxassnxnnnyy END OF EXAMINATION BEds s s ssnanss)



REACTOR THEORY

Pep e/t ap oSURt
(4} o

+ 0 + 0

net A(pdopplet mod void

¥ Pxe Y P5n tOp, *

: 2

- +
Dloron “rod Dfuel

JPolsons)
kg - kl + :k
bk = k - 1

SUK = 26;06

- - L3V Y
3.1 x 10%¢

I = No

$ = nv

Defect = Coeff x A Parameter

%

EOUATIONS

RADIATION

-X
N =N e ¢
0

A = AN

ux -x/TVT

[ =1 e
Q

ATl = 0,693

R/hr @ d feet =

=110
o

6CE
J7

l;d" - ladzl point source
[1d;, = I;d; =~ line source

R/hr x time = R

Rad x QF = Rem

Th e ® 10 * Thgag
Thblo b TkRad

MATH
y* = b
lo b »a
¢ y

log x' - ¢ log x
log s = log x - log y

log xy = log x + log y

.

.

FIUIDS/THERMO /HEAT TRANSFEK

e

- AP1V1 = AapaV:
Q= MmVi = A2V2

“thn > louc ¥ ‘zotOtcd
E=KE+PE+U+pV+Q+W
mg 2
l;'
hm s
c

reduced for - turbine, SGC pump, nozzle,
orifice, condenser, pipe, Rx

flow a 7dp
2
head loss = f% ;—— or head loss g V'
L heau 1?00 a AP
Py # Pambient - hg——
F = pA L

6P hase &P ohease x K
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(speed) 'y power
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v
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H. REACTOR THEORY FAGE 1¢

ANSKRERS -- UNIVERSITY OF ILLINOIS ~B&/01/15-HIGGINS. K.,

ANSHEF H.0% (1.00)
Bets decays to a8 proton (hydrogen).
REFERENCE

NL 3%0R Notes» p 2

ANSWER H.02 (1.50)

Frompt neuvtrons are born 8t & higher averzze energy thean delayen
neutrons (.75)y s0 a3 smaller percentage of delazved neuvtrone 1s lost while
elowing down (.75).

REFESEINCE
NE 3%0F Notes» g 2

ANSWEF H.02 (2000 3.0 Ao hindle rasong s ei ,,743‘.(4\ Top b T
Doppler Eroadeninz. When u-2%t teA;Eﬁgvnr39YH€?;g¥;Z?‘t(é( eletive motion
betweer the neutrons and U-238 ztome increasess broadening the resonant
abtsorgtion peshks + The probability cof paracitic neutron absorgpticn by
U~-236 ircrezseszr de gsing the probzbility thet neutrone will resch
thermz. ererjies (Sﬁtf.

REFERENCE
NE 3920F Notesy» p S

ACHER H.04 (1.00)
Frovide & neutron level which 1s hiah #nough to be delected by nuclear
instrumentation (0. %0y B3llowing rezctivity changes tzbing place 1n the
tesctor to be observed (0.5,

REFERENCE
NE 3°0FK Notesr g &




H. REACTCR THEORY

ANSWIRS -- UNIVERSITY OF ILLINOIS ~86/01/15-HIGCINS,» R,

ANSMEER H.0% (1.50)

1. Fadium emits an aslgha (.29), The zlphs entere 2 Ee-9 nucleus which ther
eplitsy emitting & neuvtron(0.5), '

Aantimony 123 absorbs a3 neutrorny becoming entimony 124 (425). Antimony
124 enmits 3 gamme which strikec @ Be-9 nuclewss causing 1t to emit a2
neutron :065)0

REFEREHCE

NE Z5CF Notess p &

ANSUER . 0¢ (2.0C

/t1-Keff) = 10<
s&€L 0T
Court : (14Veff+keffds, .,

beff
.96C

n logl. g )1 )

n = '3/103(0 4 /00(‘0‘;34f =
REFERENCE
NE 2%0F Notess p €

ANSHER H.07 (1.50)

AP = (K=K, )/(Ka % Kg) = (1-,96)/(1 x ,96) = .084/.96 = 081667 (.7%)
‘Fg 0041(“7 24 (31/.0073) = 5071 (.
FEFERENCE

NL 390 Notess» g ©

S)

ANS;‘:?’." HOOB (1.00G)

The power level would decrezse for & short time (0.5) before leveling off
&t 2 conctant value (0.5,

REFERENCE
NE 23907 MNotecsy & 10




~B6/01/715-HIGCINSy, R,

ANSWER H.09

F = Fo x & exp(t/%) (0.%5)
FP/Fo = e exp(t/%y) {0«5)
In(F/Fe) = t/% (0.5)
t =¥ 1In(F/Fg) = (S0 seconde) » 1In{(1000w/S50w)
t = 150 seconds (0,5

REFERENCE
N[ 39CR Notess ¢

ANGSUIR Haell

If & control roc 1s o L an the veaceted re
inoregsing xenon b o JowY s  Xenon concentratio
further incre 3 : -

If @ control rog 1¢ ainserteds f1 i the vicinity decrezsesy decreasing
the xenon burnowt (0.%)., Xenon concentreation temporarily increzsess
futher decreasina the locealized flun (0.5).,

FREFERENCE

NE 3%0F Noteey g 1%

i C INnCreasess
tempoararyly decreacec

16 s ] slized f1 e s

ANSHEF Ho 11 \10‘:":‘)

F = F [B7B-P)] (+7%)
F =1 MW [$1/(81 - $8)1 = 1 MW C[1/9] = 111 KW (.7%)

REFERENCE
NE 3%90F Notes» p 11

"10(":"

gre born 3t lower energies tharn the threcshold energy for




H. FREACTOR THEOFRY

- -

ANSHERS -- UNIVERSITY OF ILLINDIS

ANCWER H.s13 (1.00
d

REFERENCE

NE 3%0FR Notess ¢ 15

ANCWEFR H.14 (1.0

a .
REFERENCE
NE &4%1 Fainzl Exzme 6/C7/730y §7

~84/01/15-HIGGINS, R,

FAGE

19




I. RADIOACTIVE MATERIALS HANDLINC DISFOSAL AND HAZARDS FAGCE 20

ANSHWERS =-- UNIVERSITY OF ILLINDIS ~B84/01/15-HIGCINS, K.
ANCWER 1.01 (1.00)

Whole EBody - 1.25 rems per quarter., (0.5)
Extremities - 18,75 rems per quarter. (.2%5)

Skirnn = 7.5 rems per quarter., (.2%5)

REFERENCE

10CFR20.101

ANSWER 2¢02 (1.00)

1+ Buarterly dose does not esceec 3 rems (+3)
2. Lifetime e.posure does not exceed S(N-18) (.4
3. NRC Form 4 1¢ conpleted (.3}
FEFERENCE

10CFR20.1012
ANSWER 1.03 ( 50)

+12% rems per guarter

REFERENCE

10CFR20.104
ANSHWER I1.04 (1.00)

Krypton (0.,5) and Xe oan (0.5).

REFERENCE

FEar V-14
ANSHWER I.05 (2.00)

2. FremrrreeatheaerrErtTTT gt et b be-eleced sulsaslicet by A7)

or? The dzmper in the duct containing the charcoal filter will be
opered (s (( 5)
be Alr Farticulate Monitor (0.5).



s ——

I. RADIOACTIUE MATERIALS HANDLINC DISFOSAL AND HAZARDS FAGE

ANSHERS -- UNIVERSITY OF ILLINCIS -B6/01/7/15-HICGCINS, K.

REFERENCE
FSAR V-15b

ANSWER I.06 (2.50)
&8« Duygen-1&6 plus 3@ nevtron gives Nitrogen-16 plus 2 proton. (1.0)
b. 7 seconds., (0.5

€, Tuwo delay tanke are i1nstalled in the primery coolant system onrn the
ostlet loop from the reactor. (1,0)

REFERENCE
FSAR IV-2,%

ANSWER L+07 (2.00)

Feduce the backaround radistion during vsage of & beam port.

FEFERENCE
FSAR IXx-13

.08 ., A (3.00)
He

b. Four storage pits located in the floor of the truck bay. (1.0)

REFERENCE
FSAR XI-1

ANSUWEFR 1.0% (1.00)

Tenk contents can be discharged through the hose bleed valve 1nto & tank
truck.

REFERENCE

FSAR ¥I-€

21



I. RADIOCACTIVE MATERIALS HANDLING DISFOSAL AND HAZARDS FAGE

*
r

ANSHWERS -~ UNIVEFSITY OF ILLINOIS ~B86/01/15-HIGCINS, K.

ANCWER 1.10 (1.00)

Neutron capture by the naturallv-occurring Argon-40 i1n the atmosphere.
REFERENCE

FSAR XI-¢

ANEVER I.11 (1.00)

@ Lowd horrie (.3)

b, Continuvous pulsirz of the elarm bell. (0.95)

REFERENCE
FEAR XI-IT

ANTWER I.12 (2.00
1. Initiate building evacuation. (0.5
2. Scram the reactor. (0.5)
3« Turn off both water circulation systems., (0.5)
4. Close the 1sclation velves., (0.5
S+ Turn off the circwlation fan for the air conditioner, (0+3)
é. Close the diverting valve on the exhaust syster. (0.5)
REFERENCE

Radiation Emergency Flan» p 10

ANSMER 1.13 (1.00)
g, False (0.%5)
be Falee (0.5

FEFERENCE
FSAR XI-24,27




J. SFECIFIC OFERATING CHARACTERICSTICS

-86/01/7/15-HIGCINS» K.

ANSWER J.01 (1.00)

Reactivity will decrease» since graphite in the thermal column serves as &
reflector.

REFERENCE

ANEWER Je02 (1.00) 5
/wa 1LTNé
The fraction of etectrpisgnetlirc—sadratror—tsente—rerer reflecten.

REFERENCE
Wetster's New Collegiste Dictionary

ANZRER J.03 (3:00)

Fipavag connects the plenum below the reactor to the ouvter houwsing &bove 170
reactor (,75)., Located 1in this pigping 1s an avtomatic control velve witn &
counterbalanced lever system (,75)., When forced circulation 1s taking
place the valve is held shut by the force of the flow (.75). If forced
circuletion is losts the counterbslance weight will cause the velve to
opery &llowing neatural circuletion flow to begin (.75),

REFERENCE
FSAR VI-2

ANTZHWER J.04 (3.00)
a. 1. Supply demineraslized water so the chamber above the core remains full
of water (1.0).,
2. Supsly water to the core for cocling should all water drain fron the
core (1.0).
b. énti-syphon check valve (1.0).

REFERENCE

FSaR VI-%y 10 ancg 11




R p—— -

Jo SFECIFIC OFEFATING CHARACTERISTICS FAGCE (4

- —— -

ANSKERS -~ UNIVERSITY OF ILLINOIS -86/7/01/15-HIGGINS, K.

ANSWER J. 05 (2.00)

As the level drops» shielding 1s reducedy raising the radiation level above
the bulk shielding tank where the gamma monitor 1s located (1.0). If the
radiztion level rises high enouahs the gamme monitor will gernerzte a LOFRA
scrar (1.0,

REFERENCE
LOFRA SAR p 10 and 13

ANSHEIR Je06& (2.00)

The sramery coolznt lines pase through & tunnel which has 2 sesled berrier
locztesd 1n 14 tc limit the tunnel's volume to less then the voluves of
the Resctor Tank.

REFERENCE
T SAR VI-

ANCWER J«07 (2.00)

1. The motor draiven rods are held in position by an electrical pzgret whict
will Jeenergize upon loes of electriczl powers allowing the rods to drog
by grevaty (1.0).

2. The transient rods depend on electrically operated solenoid valves to
retzin the necessary pressure to hold them in the UF position., If
electrical power 1s losty» the solenoid deerergizesy allowing air
precsure to diminishy cauvsing the rodes to drop by gravity (1.0

REFERENCE
FSas VII-24

ANSWEF J.08 (2.00)

I the free convection caser ¢ power increzsesy» the tempercture rise
through the core i1ncreases» increazing the density difference between the
inlet and ovtiet coolants thus i1ncreasing free convection flow. Cone of
the power increesce 1t absorbed by the increesed core flow (1.0
Ir the forced cornvection casey the 1ncressed power 1s only remcved by
increasina the enthalpy of the coclant ac 1t passes throuah th, c
since the core flow remains constant (1.,0).



S
.

J. SFECIFIC OFERATING CHARACTERISTICS FAGE

- e S e e e e e S R e R -

ANSWERS -- UNIVERSITY OF ILLINCIS ~-86/01/15-HIGGING, K.

B e e B a e
.

. REFERENCE
FSAR Iv-24

~ ANSHWER J. 0% (2.00)
2. Graphite impreanated with boron carbide (0.%5),

b. Merivally draven (0.5).

N T .=~

ce To diminish the flu: peaking 1f water filled the rod channel after the
4 rod wee withcrawn (1.0).
' REFERENCE

l FSAR III-1¢

ANZUWEFR J.10 (2.,00)

l The fast iransient rod and the motor driven rods gre vien to oblian &f

| initial steady-state power level (.7). The adjustzble trarcsiecrt rod 1¢
ther fired to obtain & rapid increase in power (.7)., To compencate for the
negztive reactivity that occurs as the fuel tenpereture 1ncreasesy the
TEulatling Sleketiees 004 “avtomancally withdrawrn to stabilize power at
the preset level (.6).

. REFERENCE
| FSAR VII-11



¥. FUEL HANDLING AND CORE FARAMETERS FAGE J¢é

ANSWERS -- UNIVERSITY OF ILLINOIS -B6/01/15-HIGGINS, K.
ANSWER K.01 (2.50)

a. $.02 (0.5)

b. 4003 to 8005 (0.5

c. $3.%53 (0.5)

d. $1.40 (0.%5)

e. w30 §.60 (0.5)

REFERENCE

NE 390K Notess ¢ 10y 1% and 17
LOFR& SARy ¢ 1

ANCWEFR K.02Z (1.50)
"y

&« In &8 rac wspended on fhe out of, the concrete cshield (el .,
2 4&44~wz.ibv{&4 ,»~lé#¢4Jth2££ilt. ?ST)

b The fuel handling Yool 1¢ locked 1in place (0.

REFERENCE

FSAR IX-6
ANSHER K.03 (1.00)

Reactor Supervisor (0,5) and Reactor Hezlth Fhysiciet (0.5).
REFERENCE

FSAR IX-7
ANGHER K.04 (2,00

The lead plug is removed from the bottom of the cest (0.%5). The cesb 18
brought over the irradizted elementy the fuel hardling tool 18 e tended

dowr. through the cast onto the fuel element (1.,0):. The fuel elenent 1s

raised 1ntec the cz2¢by 2t which tine tiﬁ lead plug 16 closed and the fuel
element 1s released from the fuel handling tool (0.%).

REFERENCE
FEAR IX-B




K. FUEL HANDLINC AND CORE FARAMETERS

ANSWERS -- UNIVERSITY OF ILLINOIS

ANSHWER ¥.0%5
a. 16 feet (0.5)
b. & 1nches (0.5)} ‘ incheae (0.5)

(6.50)

~B86/01/15-HIGGINS,

K.

FACE

c. Turns on the @ QFm emergency core spray cooling makte-uwp systern {0.5)

d. Stops the add tion of make-up water

cooling systea (0.5)
!
€. d inches (0.,5)¢ ixr-ches (0.5)

f. Frevent water fron overflowing the

Reactor (0.5)
Cooling system 1¢c0lation
Frimary pump stops (0.5)
AVZ opens Lo 1ncreacse emergency
$ to B8 3gpm (0.

REFERENCE
FSAR VI-10»

ECTPEMm

valves

F U o
« ® * @

vVIIi-20

ANSHWEFR He06

8. 2 (0.5

b, Cadmium (0.95)
¢+ Licensed operator of the LOFRA.

REFEREVNCE

LOFRA SARy p 26 and 36

via

Regctor Yank (0.%)

close (0.%5)

core spray cooling

(0.5)

her &~

the 3 apm emergency core spra,

&7



K. FUEL HANDLINC AND CORE FARAMETERS

ANSWERS -~ UNIVERSITY OF ILLINOIS -B6/01/15-HICCINS, K,

ANEWER K.07 (2.00)

1. Remove enough fuel elements and plug the fuel holes so that Keff 18 less
than .99 with the safety control and poirson rods removed (remove two or
more central fuel elements) (1,0),

2. One of the following (1.0):

&, Move the platform containing the grid plates and remaining fuel
elenents several feet from the thermz! coluan and leck 1t inle
position. OF

tt« Flace & reutron absorbing screen hetweern the thermel colums
LOFFA core.

REFERENCE
LOFRA SARy p 2¢

ANEWER Ko OF
2. $3.00 (0.5

by 2 days (0.5) 1 MW (0.5)
co $5.00 (0.9

d. 80O C (0.,5) 755

e, 120 F (0.%5)

REFERENCE
FSAR VII-30
Tech Spice 341.cr 34101 and 2.7




L. ODHINISTRATIUE FROCEDURES» CONDITIONS AND LIMITATIONS FAGE 2€

ANSHWERS -- UNTVERSITY OF ILLINDIS ~B6/01/1%-HIGCGINS, k.

ANSWER L.01 (1.00)

Greater than $.50 in the coldy» xenon-free condition (VU.5) with the highest
worth contreol rod withdrawn (0.5).

REFERENCE
Tech Sgpec 3.1.h

ANCWER L.02 (1.00)
Reactor Supervisor (0.5)% Reactor Health FPhysicaist (0.5)
FEFERENCE

FSAR XI-26

ANLWER L+03 ({.OG)

2s 25 rems (0.5)

be Group A (0.5)

c. Unzgnimous consent of Grouweg A (0.9)
d: True (0.5)

REFERENCE
Radiation Emergency Flane p &9 7 and 13

ANSWEFR L.04 (1.00)

a. Alert (0.%)

b, Site Arez Emergency (0.5)
REFERENCE

Radiation Emergency Flary p §
ANSWEFR L.0% (1.00)

The film badge rack (0,%5) and Lthe doszameter list (0.5)

(™ .




L. ADMINISTRATIVE FROCEDURES,

CONDITIONS AND LIMITATIONS

FaAGE 3C
ANSWERS -- UNIVERSITY OF ILLINODIS ~86/01/715-HIGGINSY R,

REFERENCE
Radistion Emergency Flarny g 11

ANSHER L.06 (1.00)

In the building a2t the mairn souvth entrance of the Coordinated Science
Building to the northwest of the Reactor Euilding

REFERENCE
Radistion Emergency Flan, ¢ 11

ANSWER Ls07 (1.00)

Fhone

REFERENTCE

Kacdizticrn Emergerncy Flane p 13
ANSWER L.OB (1.00)

Nuclear Engineering Laboratory (0.%5) and Envirornmental Studies Institute
Anrne.: (0:95),

REFERENCE

Radiation Emergency Flarn» p 4

ANSWER L.0%
Wind Direction

REFERENCE
Radistion Emergency Flarne ¢

(1.00)

14

ANSWER L.10 (1.00)

Sufficient control rorde are 1nserten

subcritical by at leszst $1.00 (0.%) an

g to assure that the
groaress (0.5),

a8 reactor 1%
ari SKEQ 1¢ ar

chaerge of any work 1n

a0




L. ADMINISTRATIVE FROCEDURESs CONDITIONS AND LIMITATIONS FAGE 31

ANSWERS -~ UNIVEFRSITY OF ILLINOIS ~B6/01/15-HIGCINS,» K.,

REFERENCE
Tech Spec 1.1

ANCWER L.11 (2.00)

1, Sufficient control rods are i1nserted to ssczure subcriticality by
$1.00. (0.5)

2. Fower to the control rod mearnets and asctuating scolernocids 1¢ offs and the
key 1s removecz. (1.0)

3. Nc work 18 in gprogress invelving fuels 1n-core e periments or
meintenianice of the core structuresr control rodsee or control rod drive

€

mechanisne., (0.F

REFERENCE
Tech Spec 1.2

“NS“ER L.ll’ (100':\"

1. The temperature in & stzinless-steel clads high hydride fuel element
shzll not exceed 1000 C under any conditione of operation (0.%),

2. The temperature ir & low hydride fuel element thall not enceed 550 C
under any cornditione of gperation (0.5),

REFERENCE
Tech Spec 2.1

ANSWER L.13 (1.00)
Any two of the following (0.5 each)!
1. The reactor ehall be shutdowrn.

2. An immediate report of the occurence shall be mzde to the Chairman of
Lthe Nuclear Reazctor Comnittee.

3. Ar immediate repo t shzll be made to the Nuclear Regulatory Commicssion
in Washingtons D. O,

REFERENCE
Tech Specs 6.4 end 6.7




L. ADMINISTRATIVE FPROCEOURESs CONDITIONS AND LIMITATIONS

- e W e e e e e e e e e e

ANSHERS ~-- UNIVERSITY OF ILLINDIS ~B46/01/15-HIGGINS: K.

ANSWER L.14 (2.00)

The minimum reactivity worth required in the control and safety rod systes
at 211 timesy starting from any permissible operating conditions such that
the reactor can be made subcritical by no less than the shutdown margin
(1.0) assuming that the reactor 1s 1n the coldy xeon-free condition (.4)
with the highest worth rod fully withdrawn (.3) and with the highest worth
non-cecured e seriment 1n 1ts most resctive state (.3).,

REFERENCE
Yech Spec 1.26

ANCWEFR LelS
Rezctor Superv.izor

REFERENCE
Tech Spec ¢.2

ANSWER Lelé (2.00)
fny two of the following (1.0 each)!?

1. Operating with any actual safety system setting less conservative than
specified 1rn Tech Specs.

2. Violation of & limiting condition for operation.

3. Malfunction of & required rezctor or experiment safety system component
which could rencer or threaten to render the system incapable of
performing 1ts intended safety function.

Felezse of “.sston products freom 8 fuel element.,
An uvncontrolled or vnagnticipated change in reactivity.

Ar. observed inedequacy in the implenentztion of ei1ther administrative
or prucedurel controles egnch that the i1nadequacy couwld have cevsed the
ervistence cr developnent of &n vnsefe condition 1n connection with the
creration of the recector.,

FEFERENCE
Tech Spec 1.14




