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examination but failed ‘wo sections of the written examination.
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DETAILS
TYPE OF EXAMINATIONS: Replacement
EXAMINATION RESULTS:
| SRO |
| Pass/Fail |
N I
l | |
| Written | 0/1 |
FUSER S R I - TR LR SR
| | I
| Operating | 1 £P |
Bt |
| | |
| Overall | 0/1 |
| | |

CHIEF EXAMINER AT SITE: B. S. Norris, USNRC
OTHER EXAMINERS: W. S. Roesener, EGAG

No exit meeting was held since there was only a single candidate. Mr. Moore,
of your staff, and the examiners resolved the facility comments on the written
examination (Attachment 2).

Attachments:
1. SRO Written Examination and Answer Key
2. Facility Comments on Written Examination and NRC Resolution
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ARC RULET AND GUIDELINES FOR LICERSE EXAMINATIONS

Wring the swninistration <f thic =xamination the folilowinag rules appiy!

&

Uheating on the examination meuns an automatic denial of your application
ans coula resull in moere savelre pesnaltiss.

Restroci trips are to be limited and only <ne candidate at a time may

.eave. YTou must avold all contacts with anyone c¢utside the exuminsticn
wm 1o avoeld even the appearance or possibility of cheatring.

Jse black ink or darik pencil only %20 facilitate legible reproductions.

Frint your name in the blank provided on the cover sheet of the

sxamin&tion.

Fill in the Jdate on the cover sheet of the examination (if necessary).
Use only the paper provided for answers.

wpar right-hand corner o»f the first page »f each

J¥int youpr name in the
1 nswer sheaet.

sentian Ol Lhig A
ely umber =ach &nswey sheet, write 'End of Category __ =~ as

ppropriate, SLArt each cartegory on 1 new page, write only on one gide
per, and writse “"Last Fage” on the last ancwer sheet,

Nupber each answer ag to category and number, Ior example, 1.4, 8.3,
CRAP At least thiese llnes batwaen sach answer,

rom pad and place finished auswer sheets face

Separate answer cheets f
table.

down on your desk or
Jie abbreviations only if they are commoaly used in facility literature.

he point value for each question ig ilndicated in parentheses after the
uestion and can bYe used as & guide for the depth of answer required.
Show ail calculations, methods, or assumptions used to obtain an answar
to mathematical problems whether indicated in the guesticn or not,
Partia; readit may be given. Theraf re, ANSWER ALL FARTS OF THE
GUESTION AND DO NOT LEAVE ANY ANGWER BLANMK.

if parts of the examination are not clear as to intent, ask gquestions of
the wxaminsr only

fod mMUst Sign the statament on The covsr sheet that indicatées that the
work A8 your own and you have nol received or heen given asslztance lu
vnplieting the examination. his must ba done after T"he examination as

o Comp et ed




.

48, When you complete your examination., you shall:

Assemble your examination as follows:

(1) Exanm questions on top.

(d) Exam ajlce - figures, tables, ete.

(3) Answar pages including figures which are part <f the answer.

Turn n your copy of the egamination and all pages used Lo answey
the siamination questions,

Turn in all scrap paper and the balance of the paper that you did
not age for anawering the questions,

Leave the e¢xaminution ares, as délined by the examiner. If after
ieaving, you are found in this area while the examination is still
lu progress, your license may Le denied or revoked.

B e e e e - R R I R O O R R RN TR BN,
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WMUEST LON .Ul (i.00)

The reactor is cperating at 1 MW as iadicate! oy the auc.eal
iustruments. Using the given .anformat.ion, decermine il the powsr
indicated by the lastruments .5 corrvect,

GLVEN:
Primary cooling system secured
Fool vtemperature rise in 30 miputes .s 7.0 deg C

SHOW YOUR WORK, Helpful equations aand constants are inciuded in
attachpents A-1 thru A-4.

WUESTION H.0Z (1.00)

Assume that the primary <ocling systeéem Leat exlhangéel had & tilgnificent
Ludiaup of corresion products and other deposits cu the ilaside of the
cubes, and shat primary fiow through the heat sxchanger was held
HORsLART.

' How would the difference in priassary side temperature bLatween the heat
sxchanger iniset and cutlet be sffected) EXPLALN WHY.

I

|

| X - /.00
l QUESTION H.08 |
i
i
|

Explain why the transient rod is worth approximately twice as much 38
the regulating rod,

QUESTION  H.04  (2.00)
foel

State WO reasons for including the Samarium wafer: .u the eentrer rods.

QUESTION H.00 {(g.00)

#, Define BETA EFFECTIVE. (1.00)
3] Explain why BETA EXFECTIVE is greater the oETA. (1.0Q)
3
l
| (#dxxs CATEQORY H NTINUED ON NEXT FAGE =wasy ]




| a.
'0¢ /ereJ v‘é‘oau ~fate NCREASE
l XPC%

WUEST LON H.08 {e.V0)

State TWO reasons for walng & nsutron source Lo perfirm startups at
AFFRIL.

WUESTION H.07 (3.90)
a. Deline EXCZSS REACTIVITY. (1.00)

b, List FOUR waye in which AFFRI personnel may adjust #xcess
reactivitvy. (e.00)

GUELTIUN 4 08 ewwier (/L5)

The reactor sperator is conduct.ng & routine reactor startup After
it has been stutdown for several days. Prior o withdrawiang & rod
she reads & stable power of 10 <ps on the wide range log chanasel.
Immediately after withdrawing this tlade she reads & power of 16 ops.

iho

minutes, w
IN THE S
subcritica

1f she vrmed no rod-motion for f
J ECREASE F
the reactor i

IN, assumi t 18 ops.

S anucel

b, After % minutes she withdraws another rod such that the same
amount of resctivity is added as in “a” above but the reactor is
still subcritical. 1&g the change in power for this second rod
withdrawal GREATER THAN, LESS THAN or THE SAME AS the change in
powar observed for the first roed withdrawal?

EXFLAIN your arswer, (1.580)

QUESTION H.09 (2.00)

Assuming the reactor to be crivical at 100 kWi
4. Explain the initial (prompt) respouss .f the recctor power 0
a ten inch drop of the reguiating rod. A general explanation

a4 “ ’ T e 1 - 3 - {
A& \.‘a’:ttle't sUT & Caloudiallion, (Y ‘JU)

b. Deseribe the= Lehavicr of reactor power st twe minutes following the
Ten inch rod Jrop (1.00Q)

o Thian it - g W g iy a1 4 Yy g
(s%ens CATEGORY H OONTIRUED ON KEXT PAGE ¥ssex )
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CQUESTION  1.91  (2.90)

JL List the locaticn of FOUR ¢f the 10T wasute drains located on the first
floor within the boundaries of the KEACTOR FACILITY.

QUESTIUN 1.02 {3.00)

a. What kiud of discharges is the WARM waste drain systen designed to

accept? (1.00)

L, 3tate the capacity and number of tunks dedicated to WALM discharges.
{1.00)
2 State WO ways (i which WARM drainz: are ldentiflead? {1.00)
wUEST 10H 1.08 15.00)

After irradlation, a rabhit is toe be removed from the CET (Core
Experiment Jube):
a. Otate the dosimetry requirements for the personnel present

in the reactor room (at the CET). (1.00)
b. Name the three minimum required personne. (by title

or department) that smust Le present for this operation and

state where they shall ve located (by room). {2.00)

SUESTIUN 1.04 (2.00)

List the FOUR general actions that a radiation worker should take tu
gontrol a spill of radicagtive liquid,

(exnes CATEGORY 1 CONTINUED US NEXT FAGE seess)




.

Lo BALALALLLYE MALERELAL HANULING Slolusal
AL _Hbedies

RUEST I ON 1.0% [ §.00)

Fer

' Jhe type of detector.
logation vf ALL readous

than one Loostion!.

e high level slarm setpcint.

‘

-
e 4 ‘u

cvor room CAM (Primar;).

o
b ad
a
o

D R=2.
2 Criticality Monitor
Monitor.

ol . stack Gas

QUEST I ON {08 Le.90)

hat WO
L.IAOI'S':Y. ::J

radiclogical convitions wi..d

g - R
ACtion slation t

and going

QUESTION 1 .07 (2.00)
ATatée Lhis type and

} range of
NolDE the reactulr

IGATLCL YOG, LA

NCT

the emergency cache ‘ust cutlidée the contr
‘JL:E; ;.‘ N a < -‘ .] )

Define the following:

a Ey-product Materisal

b, High Radiation Area

: = :
thbes ENL : ATEGURY

meters

(Both day asnd night

the following radiation equipment list!

Page &

(Scme may readout in MORE

AdQATMm

nece“sitate

cerpolnta)

A8AVIALE Lhv Primary

o the seccudary EAST

e portaile radiation

fnciude

_ -
s L0

LR N B

detectors avallable
tlie instraments in
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Page 0

WUEST.OR  ¢.Cd .00

Half way through a % hour reactor operatica run you discover that the
normal ventilat on 4xnaust damper aeeve—etr=TTNENTYE has been blozked

open Ly a student performing experimerts in the hood. Yuu can neot
clogse the Jdampe' bDe ause 1t was damaged.

a. What actions should be taken relative to reactor operationty (1.00)

b. Is the avan' reportable’ Why or why not? (1.00)

(A copy f the ventilation Technical Specification is included as
attachment A-2E, )

P02 (1.00)

GUESTION

Explain the mechanisn vy which the transient control rod 13 dropped

inte tne core on 4 scram signal.

QUESTION J.03 (3.0

WHAT protects the rosctor contrel conscle from voltage surges an | WHY
i this protection reeded?

<UESTION J .04 (1.00)

Maltiple Cholow:
Whizh c=e of the following receives its power from transformer 42A
(looated in room w1%2)°

A, cooling lcwer fans

b, ventilation exhaust fan EF-i
2. radiation monitor panel

Q. Yeafior control pansel

e. air compressor for tyansient rod and lead door seal

CATEGOKTY SUNTINOFD ON NEXT FAGQE #*dasxk)

LR BN R




GUESTION J.0b (3,04)

Lisr FOUR of the laterliocks associated wisth the Rod Withdrawal Prevent
sircuit any one of wnich will preavent witnhdrawal of ALL reode. Include
i your answelr the asscoiated setpoint.

WUESTION J.U8 (1.09)

What des3ign jeature minimizes the Lottoming impact of
A gcontrol rod drive piston?

HVEST 10N J.07 (1.00)

Wny 185 air pressures at 3 psi suppliod to the shield Joor tearings?

WIESTLON v, ue 13.60)

What are the THREE busic functions of the water purification system?

QUESTION J U9 (2.00)

List the THREE special indications in effeqt only in the Pulse Mode of
speration include in your »uswer EUTH the parimetsr and the methoa of
display.

QUESTIUN J:50 (1.00)

1 a puise of $2.50 ig fired from coid coriticel conditions and a
gubsequent scram does not oocur, what will Le the final steady state
power assuming no Sperator action., Ussful reantivity curves are
included s8 attachments A-d thru A-2¢.

(wnans CATEGURY J CUNJINUED OR REXT FAGE ¢+nes

Fage 10
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QUESIION  J.11 (€.00)

During tne performance of & norma. K eoxcess calculaticn, the operstor
decides to pull the transient rod first, the satety rod next then tie
shim rod and finally to g¢ critical on the regulating rod. The sperater
makes & mistase on the first withdrawal, pulling the transient rod to ‘
. B5Y instead of 25%, Assume the power with the transient rod at 65% i3
! .08 watts and assume that the zore is in position 5€7.

a. 1f the cperator does not notice her mistake and continues withdrawal
of the otaar rods, which rod wiil be moving when the reactor goes
critical? CSLhow all calcoulaticons used to arrive at your answer.

(2.00)

B, if the operator continues to pu.i the rod in "a" above, what will be

the first sutcmatic action to taks place, a FPERIOD RWF, a POWER
SCHAM, or & TEMPERATURE 3SCRAM? (0.50)

attacrments A-1 thru A-2E.

:

|
Useful constanta =quations and reactivity cuyves are inciuded as

|

SUESTION J. 42 (¢.50)
TRUE OR FALSE

A rupture in the primary coolant return piping is prevented from
draining the c.re below the top of Lhe core by small holes drilled in
both the zuetion and return piping level three feet above the top of the
ore.

QUESTION J.13  (1.00)

\
|
|
|
|
State the complete Technical Specification limits on bulk and |
purification outiet conductivivy.

!

|

Aesds EXD OF CATEGORY J #énan

-




w HANDLING AND CORE_ZARSETERS

QUESTION K.l (3.00)
Lxplain »hy the procedure for ivading fuel from the inside zing cut . s

mere consarvative than leoading fuel from tnhe outside in. Inclade in
your answer a sketch of the 1/ plots for each ilcvading scheme,

QUESTION K.u2 (1.00)
I1f the reactor was coperating at 1 MW and a fuel =lement developed a

2rack in the cladding, lhow would the operator first receive an
indication ot tne failure?

wUEST L1ON A, 03 (1.400)

State the 3afety Limit and the BSafsty sSystem Settings. Iinclude both
the parameter and the setpoint.

wUESTION K.04 (3.00)

According to Technical Specific

ations, wi;h fuel present in the core,
wien is the resctor considered sec

uy “"-c .

QUESTION K.08 (1.00)

.
o

el ki s, o
TRUE or FALSE?

A The Technical Specification limit »n transg . .rse bend is Lased in
part on the preventicn <f hot zpots resulting from touching fued
rods. (0.50)

b. The Technica.) Specification limit on fueli rod elongation is pased in
part on ensuring adeguate coolant flow. (0., 50)

e k% CATEGORY & W JEL HEXT FAUE wxxé&n
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ol QUESTION. ~ K.08 © (2.00)

_ a. An experiment i3 lovaded into the B-ring of the core when the

: reactor is operating at 1 MW. After loading the experiment, the

1, re=ctor power level decreases to H0U KW, How much reactivity was

“ auaed by the experiment? Useful reactivity curves are included as

attachments A-5 thru A-20. ey
o0.5°

I
..

b. If tne same experiment had been .oaded in the outer ring would
you expect the final power level t¢ be GREATER THAN. LESS THAN
or EQUAL TO 500 kW? EXPLAIN your choice. | )

HEO

WURSTION K.07 (2.00)

The reactor core i3 in posit.ion 231, power is 1.0 MW, Hode 1
cperation. The shield doors are fully open and both eixpusure room
doors are closed. If the core carriage control (core dolly)
wailfunctions and starts driving the core towarad the cénter

of the *ank, will the reactor be SUPER-CRITICAL, SUB-CRITICAL, or
CRITICAL when the core reachos position 587. JUSTIFY your answer.

AGSUME: NO OPERATOR ACTIONS
| ALL OTHER SYSTEMC FUNCTIONING NORMALLY (2.00)

WUEBEST LON .08 {1.G0)
foel

The inspection <f the ~aa$¥9+~ruda required annualliy is scueduled this
week. The three prev.ous .nspections were conducted 14, 25, and 40
months ago. Can an experiment be run this week without inspecting

the control rods? Justify your answer. A copy of the applicable
Technical Specification is included as attachment A-20

QUESTION k.08

o
.(!"

TRUE oy FALGE?

) ) 53y 4 & o USRI, o i 3 . = -~
in=core #xpe 1‘nc“L; siall not be placed ia adjacent A pesiti.ns of
- 2 Y e Y [ N
e £-ring and/ Leping. £0)
» Sl B b Al b 4 » A T ™ ) 1 =
vYax- ¥ CATEGORY { CONTIRUED OF SELL AGE vewax




o B __FUEL EANDLING AND CORZ FARAMEILES Fage 14

QUESTION K.10 (2.00)

oo

Ia the core loauing procedure, fuel 1ods are inzerted In large groups
At ) there are a total ¢f 686 rods in the core, thereafter the rods are
inserted 2 at a time.

a. Explain why rods are added .n such large groups up (o £86 and then
oniy added two at a time thereafte .

b, How 13 crisicality tested for after each group of rods is inserted?

Aszsume that the core ¢an be made cyitical with an sxcess reactivity of

£.40 with 62 fuel elements in the Zure.
a, Escimate the maxinmum number of fuel reods that <can be inserted
without exceeding Technical Specification =xcese delta K limitvs.
(1.00)
B I1f no experimer® ' are to L& ;uace:. how muany extra core sites will
be left to fi. nce all the fuel i1s loaded? (0.50)

GRS Wit i The hoh ruererposreions—reenssod—ir—r—above?-
Delered (448

a, If an experiment is added te the core that i« a
of reactivity, would the maximun number of rols allowe
INCREASE, DECREACE or TEMAIN THE SAME? (Q.50)

g & 4 % w2 s . - . T g - P v 1 DL ITTTUR @&
. {f an experiment is added to the core that i3 wo.:h a POSITIVE §.60
\r reactivity, would the wmaximnvm number of rods allowed in "a" above

|

| INCREASE, DECREASE or REMAIN THE 3AMZY (0. 50)
|

|

\

\

|

|

verwr END OF CATEGORY K vewxs)
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L. ADMINISTRATIVE PROCEDURES, CONDITIONS Page 15
AND_LIMITATIONS

QUEETION L.01 (2.00)

What is the minimum staff required when the reactor is NOT secured?

QUESTION L.02 (3.00)

For each of the following, state who (by title or position),
is responsible:

a, For final approval on a Reactor Use Request. (0.50)
b. For authorizing entry of a visitor intc an exposure room. (TWO
answers required). (1.00)
o. For Reactor Facility Key Control. (0.50)
4. For supervising the insertion of an approved in-core experiment.
(0.50)
& For supervision of the loading of the core, (0.50)

QUESTION L.03 (4.00)

Indicate whether each of the following situations would require
immediate shutdown of the reactor. Consider each situation separately

JUSTIFY yvour answer.

a. Reactor power spiked to 1.15 MW during Mode I operations and
is now at 900 KW, (1.00)

b. The log power channel fails while operating in the Fulse mode.(1.00)

Power increases as rods are manually driven into the core while
at 500 kw. Pool temperature is 95 F and the primary and secondary

pumps are operating. The reason for the increase is not known.
(1.00)

(9}

d. An area radiation monitor (R-3) in the reactor room 18 found to
be inoperable. (1.00)

(*x%xxx CATOGORY L CONTINUED ON NEXT PAGE *%xxx)




22BATIVE FRCCEDURES, COSDITIONS Page 186
AND _LIMITATIONS

QUESTION L.04 (2.00)

10CFR55 defines an operator as any individual who manipulates a control
of a facility:

a. Define the term “"control” . (1.00)

b. Under what conditions is the person physically manipulating a
control not renuired to hold a valid operator's license? (1.00)

QUESTION L.05 (2.50)
While showing a trainee how to operate a reactor contreol room fire
alarm, you accidentally set it off. GState your immediate actions.

Assume that the reactor is critical and that you are the current
operator in charge.

QUESTION L.0OB (2.00)
State the order of succession of command for the f<mergency Action

Station (EAS) Commander according to the "Emer zerncy Plan for the AFRRI
TRIGA Reactor Facility".

QUESTION L.O7 (1.00)

How could the EAS commancer determine who was inside the AFRRI complex
during nonduty hours?

QUESTION L.O8 (0.50)
TRUE or FALSE?
The EAS Commander has the authority to make on-the-spot decisions and to
direct or per- orm immediate actions deemed necessary provided that the

ECP Commander is informed of such immediate decisions and actions as
soon aft=r the fact as possilble.

(#%xx% CATEGORY L CONTINUED ON NEXT PAGE *x%xx)
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H. _REACTOR THEORY Page 13
ANSWER H.04 (2.00)
1. Functions as a burnable poison.
OR
Extends the life of a rod by limiting the excess reactivity of a
new fuel rod and then burning out as the rod ages to help account
for fuel burnup and fission product buildup.
2. PFunctions as a flux suppressor.
OR
Helps to flatten out the axial flux distribution by svppressing the
flux peaks at the ends of the fueled region of the rod.
REFERENCE

Fundamentals of Nuclear Reactor Engineering, Ch. 4, Paras. 101 & 1C2.
AFRRI Sample wuestions C.86.

ANSWER H.06 (2.00)
a. The fraction of the thermal neutron population that was born
delayed. (1.00)
b. Since delayed neutrons are born at lower energies tnan prompt
neutrons [2.5uv; they are more likely to reach thermal energies
(0.50). (Therefore, the fraction of delayed neutrons at thermal
energies (beta effective) is greater than the fraction of delayed
neutrons at birth (beta).) (1.00)
REFERENCE

A Listing of Terms/Concepts/Definitions for the AFFRI TRIGA Reactor, p.
AFRERI Sample Questions H.2 & H. 9.

(*xxxx CATEGORY “ CONTINUED ON NEXT FAGE «#¥xxx)

i



H._ _REACTCR THEORY Page 20

ANSWER H.08 (2.00)
1. The source is used to check low level instrumentation [1.00].

2. The source is used to insure safe, controlled startup of the
reactor [1.00]. (2.00)

REFERENCE

AFRR]I Sample Questions A.Z2.
Fundamentals of Nuclear Reactor Engineering, Ch. 4, Para. 1489,

ANSWER H.07 {3.00)

a. That amount of reactivity remaining in the core greater than what 1is
needed to bring the reactor <old critical. (1.00)

b. Any four of the following at 0.50 each:

1. Moving the core.

2. Adding (removing) fuel.

3. Peshuffling fuel.

4. Changing fuel (refueling).

§. Changing experiments (including exposure room modifications).

6. Installing (removing) the core experiment tube (CET). (2.00)
REFERENC% 37 Je,o/en‘a) ree foel (o,wr-n'v The rc-scrv").

AFRRI Sample Questions A.6.
Listing of Terms/Concepts/Definitions for the AFFRI TRIGA Reactor, p.

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

19



, H.__BEACTOR THEORY Page 21

ANSWER H.08 48854 (7,50)
a. A ~Right afte€r the rod ion cea subecri al
equilibridm level i ot yet egtablishe .850)1. The
05/61’6«1} | ontinue increase til the new equil ium is

. 50]. R

b. GREATER THAN [0.50]. As the multiplication factor approaches one
\or as the reactor approaches 2riticality) [0.50], the number of
generations required to reach equilibrium increases [0.50] and
theraefore the change in count rate increases. (1.50)

OR

The final equilibrium level is pruportional to [1/(1-K)] = (1 -1/p).
As K approaches 1, p approaches zero from the negative side and
sach step change in reactivity causes (1 - 1/p)

to change (increase) by a larger amount resulting in a larger
increase in the associated neutron level (or count rate).

(As p approaches 0 from the negative side (1 - 1/p) approaches
infinity.) (Note Bien: p = rho.) ¢1.50)

REFERENCE

Fundamentals of Nuclear Reactor Engineering, Ch. 5, Para. 158.

ANSWER H.09 {2.00)
a. The reactor powsr will drop immediately [0.50] due to the quick
response of the prompt neutrong to the change in reactivity [0.50].
(1.00)

b. At two minutes the reactor power will be decreasing {0.50] at a rate
controlled by the decay of delayed neutron precursors [0.50]. (1.00)

REFERENCE

Fundamentals of Nuclear Reactor Engineering, Ch. 2, Fara. 79.

(sk%x& CATEGORY H CONTINUED ON NEXT PAGE *xxxx)



H.__REACTOR THEORY Page 22

ANSWER H.10 (2.80)

(The reactor will g0 on a positive period of 25 sec based on the inhour
curve. The reactor will rise to a stable power level with a reactivity
change due to the negative temperature coefficient equal and opposite
to that added by the rods. It will rise at the 25 second period at
first and then tail off as the power r’'se begins to add significant
negative reactivity. .165% delta K/K = $.235 s0o power will rise %o

approximately 30 kW.)

| *
! x
i *
300 sec L 30 kW
2 .
275 sec {
*
| 150 sec L Pericd = 25 seconds
| | *
i {
| 75 sec
L]
J
|
\
0 sec f «
| |
, ‘
1 W 10 W 100 W 1 EW 10 kW 100 KW

(x#sxx CATEGCRY H CONTINUED ON NEXT PAGE wxxrx)
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i .

Grading

a5 sec
Correct periodﬂ(*/‘

1l sec)

JokwW

Correct final powerA(+/- 20 kW)

General shape of Graph (9.50]

REFERENCE

i s
and for wrrecT rime from lairial 1o

[1.00]

Fundamencals of Nuclear Reactor Engineering.

)¥ CATEGCORY H

(#xxxx END

final Time 35®sec (YL 1e0sec)

{1.00]

Ch. 3, paras. 78,79, & 88.
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. 4. BADIOACTIVE MATERIALS HANDLING DISEQSAL Page 04

ANSWER 1.01 (2.00)
Any four of the following at 0.50 e=ach:
1. Floor of Exposi.re Room #1.

Floor of Exposure Room #2.

2
3. Floor of ﬁgéé“s§ékgﬁﬁél'§oom {132Y)-

-~ O A
4, Floor of hallway tgrﬁegg‘E;é%angL%)Room (1120),
REFERENCE

| Operations Manual for the AFRRI TRIGA Mark-F Reactor, Figure 3=1%
| “Liquid radicactive waste drains located on the first floor of AFFRI" .,

| ANSWER 1.02 (3.00)
\
a. Liquid wastes containing low-level radicactive activation and
; contamination. (1.00)
| b. 5 tanks at 5000 gallons each. (1.00)

| ¢. 1. Painted yellow [0.50].
L 2. Marked with a yellow "WARM DRAIN" sign [0.50]. (1.00)

REFERENCE

Operations Manual for the AFRRI TRIGA Mark-F Reactoy, Ch. 3, p. §9.
AFRRI Radiological Safety Manual, p. 40.

(##xx% CATEGORY 1 CONTINUED ON NEXT PAGE #xxxx)
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ANL_HALARDS

ANSWER 1.03 (5.82)

a. AFRR] radiation dosimetry device [U.33].
Pockel ion chamber dosimeter [0.33].
Wrist dosimetry [0.34]. (1.00)

b. Reactor Room [0.25]-
SAF monitor(0.50]
reactor staff member [0.50])
Control Room [0.25] -
reantor oparator (SRO acceptable) [0.50] (2.00)
REFERENCE

Operations Procedures for the AFRRI TRIGA Mark-F Reactor, Proc. I, Tab B.
AFRRI Radiclogical Safety Manual, p. 13,

ANGSWER 1.04 (2.00)
PR
1. Contain the spill [0.%0] f—thrzTamr besafelydonme—{o0T20

Inform nearby people [0.{0] se—-thoyeanr—etther—asstet—to—1t0—or—
AT e

3. Isolate the area [0.50] (so no one else can be contaminated).

0o

4. Call SAF [0.50), (even if it involves contaminating the telephone).
(2.00)

REFERENCE

AFRRI Radiclogical Safety Manual, p. 38.

(#xxx%x CATEGORY I CONTINUED CN NEXT PAGE **axx)



. 4. RADIQOACTIVE MATERIALS HANDLING DISFOSAL Page 26

ANSWER 1.086 (4.00)

(0.25 points for each part)
a. 1. GM-Tube

2. Cn unit (Reactor Room)
Control Room
3

10 Kepm
b, 1. Secintillation
¢. Control Room -
sernrivy-offiee—(3rie) Emer €10y I?fs/?0ﬂ¢ Ieam (o971~ (3‘7'3 )
3. 10 mr
c. 1. ©Scintillation a1,
2. Control Room oR d [ Sein rillarmen
3. 50 mr by day 2. lorivel foom
20 mr by night Reacror Room
d. 1. Proportional Counter 3. CPm
2. Control Room §87 f
Environmental Surveillance Room Hppes Equipment Room)(31852)
3, 1500 cpm
REFERENCE

Operations Manual for the AFRRI TRIGA Mark-F Reactor, Ch. 6, p.115, 125,
126, 139-151.

AFRRI Sample Questions G-24.

Operations Procedures for the AFRR]I TRIGA Mark-F Reactor, Proc. VIII,
Tab C.

Emergency Plan for the AFRRI TRIGA Reactor Facility, pp. 56 - §58.

ANSWER .06 (2.00)

1. Radiation levels greater than 100 mr/hr [0.50] at the center of the
control room [0.50].

0o

Reactor room CAM high-level alarm [0.50] in c¢onjunction with
compromise of the reactor room to reactor contreol room boundary
[0.50] (such that there is airborne contamination in the control
room) . {2:00)

(*k%#+ CATEGCRY I CONTINUED ON NEXT FAGE #xex¥)




Lo EADIQ#CTIVE MATERIALG HANDLING DISTOSAL Page 27
AND_EAZARDS

REFERENCE

Emergercy Plan for the AFRRI TRIGA Reactor Facility, pp. 56 - 58.

Telerecrer = /1‘7')‘1 *Low [Ca -J e

ANGWER 1.07 (2.00) V'.t Jorene. e ‘ow ﬁ.ﬂj =

CAF There is a high range and a low range at 1.00 point each. (2.00)
REFEREN?

Emergency Plan for the AFRRI TRIGA Reactor Facility, p. 88.

ANSWER [.08 (2.00)

a. Any radicactive material, except special nuclear material, yielded
in or made radiocactive by exposure to the radiation incident to the
process of producing or using special nuclear material. (1.00)

b. ’ny area accessible to personnel in which there exists
yadiation, ( originating in whole or in part within licensed
| material) at such levels that a major portion of the body [0.25]

| could receive in any one hour a dose in excess of 100 mr [0.75].
(1.00)

| REFERENCE

A Listing of Terms/Concepts/Definitions for the AFFRI TRIGA Reactor,
pp. 8 & 23.

e T4



Jo. CEECIFIC OFERATING CHARACTERISTICS Page 23

ANSWER J.ul (2.00)
& (S8ince the system is8 incapable or performing its intended functions
in a normal manner, i.e. since the system is inoperable) it is
necessary to immediately secure reactor operation. (1.00)

b. The event is reportable since the reactor was operated in viclation
of a limiting condition for operation. (Specifically, the reactor
was operated with the ventilation system incoperable AND not
gecured). (Note - the 48 hour %ime limit applies to operation with
the ventilation system 3ECURED!) (1.00)

REFERENCE

Technical Specifications, Sec 3.4 & 4.4.

ANSWER J.02 (1.00)
Scram signal deenergizes a three way air solenoid valve [0.25] which

interrupts the air supply and relieves pressure on the air c¢cylinder
[0.50) allowing the piston to drop by gravity [0.25]. (1.00)

REFERENCE
Operations Manual for the AFRRI TRIGA Mark-F Reactor, Ch. 2, pp. 28-33.

ANSWLR J.03 (1.00)

A voltage regulator [0.50)] to prcevent overlcading circuits in the ‘
reactor console [(0.50]. (1.00)

REFERENCE

Operations Manual for the AFRRI TRIGA Mark-F Reactor, Ch. 4, p. 70.

(sxxxx CATEGORY J CONTINUED ON NEXT FAGE %*#%xx)



3. SPECIFIC UPERATING CHARACTERISTICS Page 29

ANSWER J.04 (1.00)
d.
REFERENCE
Operations Manual for the AFRRI TRIGA Mark-F Reactor, Ch. 4, Figs. 4-7

"Electric power distribution system for reactor building” & 4-11 "MCC
power distribution for reactor support equipment”.

ANSWER J.05 (3.00)

Any four of the following at 0.50 Zor the interlock and 0.25 for the
saetpoint:

1. Period - 3 seconds

2. Source - .5 Cps

3. Water bulk temperature - 50 C

4. Fission chamber high voltage loss - 20%

5. Operational calibrate - Operational channel in any position except
operate (3.00)

REFERENCE

Operating Procedure for the AFRRI TRIGA Mark-F Reactor, Sec VIII, Tab-C,
Operations Manual for the AFRRI TRIGA Mark-F Reactor, Ch. 7, pp. 92 & 93.

ANEWER J.06 (1.00)

When the piston is near (within 2 inches of) the bottoem of its
travel, its movement i3 restrained by the dashpot action ¢of the graded
vents in the lower end of the guide barrel. (1.00)

(wxx#x CATEGORY J CONTINUED ON NEXT PAGE wwwwx)
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REFERENCE
Operations Manual for the AFRRI TRIGA Mark-F Reactor, Ch. 2, p. 27.

ANSWER J.07 (1.00)

To minimize the likelihood of water leaking intc the housing if the

seal should rupture,. {1.00)
REFERENCE

Operations Manual for the AFRRI TRIGA Mark-F Reactor, Ch., 4, p. 68,

ANGWER J.08 (3.00)

1. It maintains low electrical conductivity of the reactor coolant
(to minimize the corrosion of all reactor components) {1.00].

2. 1t reduces radicactivity in the water (by removing particulates and
soluble impurities) (1.00].

3, It helps to maintain the optical clarity of the water [1.00]. (3.00)
REFERENCE
Operations Manual for the AFRRI TRIGA Mark-F Reactor, Ch. 3, p. 41.

ANSWER J.09 (2.00)
1. Peak power level [0.33] is displayed on the chart recorder [0.33].

r

l 24 Integrated power [(0.34] is displayed on the safety channel C meter
' (the megawatt-sec meter) [0.34].
|
|

3. Fuel temperature [U.33] is displayed on the chart recorder [0.33].
{ 2.00)

|
\ (*xxx%x CATEGORY J CONTINUED ON NEXT PAGE xxxxx)




oo SEECIFIC OFERATING CHARACTERISTICS Page 31

REFERENCE

Operations Manusl for the AFRRI TRIGA Mark-F Reactor, Ch. 5, pp. @8 & 99.

ANSWER J.10 (1.00)
580 KW (+/- 20 kW) (The $2.50 insertion is offset by the negative
reactivity inserted by the fuel at a power of 580 kW). (1.00)
REFERENCE

AFRRI Sample Questions J.13.

ANSWER Jo1l (2.50)

a. Normal criticality for this configuration occurs when rods have
added $1.85 + $1.86 + $.71 + .63 = $5.056 [1.00].

85% of the transient rod is worth $2.79 and all of the safety rod
is worth $1.86 leaving $5.05 - $2./9 - $1.86 = $.40 to criticality
(0.50). Therefore, the shim rod will be moving (through 37.5) at
eriticality [0.50]. (2.00)

b. PERIOD RWF [0.50].

(EXFLANATION)
(A 3 second period occurs at $.75. (Known from square wave
operation or may be calculated). For the situation discussed, an
insertion of $.75 would occur at 63.5 on the shim rod. With a rod
speed of about 8 sec per 1% rod motion the total time to 63.5 beyond
criticalitv is 21 seconds. Even conservatively assuming an average
3 second period for the entire )1 seconds gives a power increase
of only-
21/3

= = ‘098 or a final power of the order of 500 watts
which is well below the power scram and well below the point of any
significant heat addition to the fuel to either cause a scram or %o
insert significant negative reactivity via the temperature
coefficient.)

(%xx*¥x CATEGORY J CONTINUED ON NEXT PAGE *wx¥x)
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REFERENCE
Operating Procedure for the AFRRI TRIGA Mark-F Reactor, Sec. VIII,

Tabs D & F.
Worth curves for position 567.

ANSWER J.12 (0.50)

FALSE (0.50)
REFERENCE

Qperations Manual for the AFRRI TRIGA Mark-F Reactor, Ch. 3, p. 41.

ANSWER J.13 (1.00)

Purification - 2 micromhos/cm [0.25) averaged over cne week [0,25].

Bulk - 5 micromhos/cm [0.25] averaged over one week [0,25]. (1.00)
REFERENCE

AFRR]I Technical Specifications 3.3.

(xxnxx END OF CATEGORY ] wxxw¥x)
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ANSWER K.01 (3.00)
Dee attached FIGURE F-1 [1.00 each].
Because the fuel worth increases from the outside edge to the inside
ring of the core [(0.25], the outside to inside loading scheme leads to
an initial overestimate of the number of fuel elements required
for criticality (0.2f) while the procedure used at AFRRI (inside out)
leads to an initial underestimate [0.25] which is more conservative and
safer (0.25]. (3.00)
REFERENCE

Fundamentals of Nuclear Reactor Engineering, Ch. 5, Para. 160.

ANSWER k.02 {1.C0)
The reactor room CAM would alarm.
REFERENCE

AFRRI Sample Questions I1.8.

ANEWER K.03 (1.00)
1. Maximum fuel temperature [0.25) shall not exceed 1000 C [0.25].

~

2. Measured fuel temperature [0.25] shall not exceed 800 C [0.25]. 5
(1.00)

REFERENCE

AFRRI Technical Specifications 2.1 & 2.2.

(wxkvx CATEGORY K CONTINUED ON NEXT FAGE ##xax)
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ANSWER K.C4 (3.00)
1. The reactor is shut down [0.50].

2. The conscle key switch is in the "OFF" position {0.25), and the key
is removed from the console [0.25) and is under the control of a
licensed operator [0.25], vr is stored in a locked storage area
[0.256].

3. No work is in progress !nvolving in-core fuel handling [0.10] or
refueling operaticns [0..0], maintenance of the reactor [(0.10] or
control mechanisms [0,10]), or insertion or withdrawal of in-core
experiments [(0.10], un.ess sufficient fuel is removed to insure a
$0.50 (0or greater) shutdown margin [0.50] with the most reactive
control rod removed [0.50 . (3.00)

REFERENCE

AFRRI Technical Specifications 1.18.

ANSWEK K.05 (1.00)
a. FALSE (0.50)
b. TRUE (0.50)
REFERENCE

AFRRI Technical Specificaticss §.2.2.

ANSWER K.O8B (2.00)
a. $1.12 (+/- 8.1) (C.20)
. GREATER THAW (u.50]

The core outer ring has a3 lower flux and therefore the experiment
would not ingert as much n2agative reactivity (1.00]. {1.50)

(«xxxx CATEGORY K CONTINUED ON NEXT FAGE s¥¥xxs)
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REFERENCE

Fundamentals of Nuclear Reactor Engineering, Ch. 3, Fara. 82 -~ 84.
AFRRI Sample Questions C.15.

ANSWER K.07 (2.00)
SUBCRITICAL [0.5].
As the reactor moves positive reactivity is added (from t increased
reflection) (0.50). The rods are in manual thus power ir :ases [0.50].
When the HY1-FLUX scram setpoint (1.1 MW) is reached, the reactor
scrams [(0.50]. (2.00)
REFERENCE

Funaamentals of Nuclear Reactor Engineering, Ch. 3, Para. 85.

ANSWER K.08 (1.00)
Yes [0.50].
TS surveillance is one year not to exceed 15 months and was not
violated in any of the above cases [(.50]. (Note: AFRRI TS do not
include 3.25 x interval requiremcnt.)

REFERENCE

AFRRI Technical Specifications 4.1,

ANSWER K.09 (0.%50)

TRUE

(#sxxx CATEGORY K CONTINUED ON NEXT FAGE *a#«x)
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REFERENCE
AFRRI Technical Specifications 5.2.2.

ANSWER K.10 (2.00)

a. Experience shows that approximately 67 fuel elements are required to
go critical [0.50). Therefore, 66 elements should not normally
cause criticality to occur and therefore it is not necessary to
predict criticality conditions as ofter. [0.50].

k. Control rods are withdrawn to 50% and 100% [0.33]), changes
in detector readiugs are noted [0.33] and a 1/M plot is constructed
to predict criticality (0.34). (2.00)

REFERENCE

AFRRI Technical Specifications §.3.
Operating Procedure for the AFRRI TRIGA Mark-F Reactor, See VII.

ANSWER K.11  48=bsi(2.50)
a. Max excess = $5.00 [(0.50)
Fuel rod worth in the F ring iz $.28/rod

~

Therefore: (85.00 - $.40)/ $.28/r0d = 16.4

18 rods may be added [0.50]. (1.00)
b. 3 (87 -68 -18) (0.80)
e ST T TS T Delered R
4. REMAIN THE SAME (0.50)
@ DECREASE 0.50)
(sxex% CATEIORY K CONTINUED ON NEXT FAGE wax%x)
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REFERENCE

Operations Manuali for the AIXR1 TRIGA Mark-F Reactor, Th. 1, p. 18.
AFRRI Technicul Specifications 3.1.3

axsax END OF CATEGORY K #%*x%xx)
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AND_LIMITATIONS
ANSWER L.01 (2.90)

1. SRO on call [0.5].

2. RO or SRO in the control room [0.5].

3. Radiation Control Technician on 2all [0.51].

4. Another person within the AFRRI complex [0.5]. (2.00)
REFERENCE

Techn:/ 2al Specifications, 6.1.3.2

ANSEWER L.02 (3.00)
a. Reactor Facility Director.

b. Reactor Facility Director (0.50)
AND the Head of Radiation Safety Dept. [0.850].

¢. Reactor Operations Supervisor.

d. B8RO,

e@. Reactor Facility Director OR Reactor Operations Supervisor.

REFERENCE
Operating Frocedure for the AFRRI TRIGA Mark-F Reactor:
a, owec 1
b. Sec I, Tab A
¢c. Sec V
d. Sec I, Tab E
- dec VII

saxasx CATEGORY L CONTINUED ON NEXT FAGE »xsxx)




T2

L ADMINISTRATIVE PROCEDURES, CONDITIONS Page 39

ANSWER L.03 (4.00)
a. Shutdown i:s required [0,50) since safety system has failed to
operate [0.50]. (1.00)
b. Shutdown is not required [0.50] since the log p.v - chaanel is not
required to be operational in the pulse mocde [0...,. (1.00)
¢. Shutdown [0.50] (to avoid an accident) since the operator cannot
control the reactor by normal means [0.50]. (1.00)
d. BShutdown is not required [0.50) sinc: R-2 is an additional area
monitor not required by Technical Specifications [0.50]. (1.00)
REFERENCE
Technical Specifications:
LI T e
B 3.2.3,
4. 3.5.1.
Operating Procedure for the AFRRI TRIGA Mark-F Reactor:
¢c. Sec. VI
AMSWER L.04 (2.00)

a. Devices (apparatus and mechanisms) of a unuclear reactor, the
manipulation of which directly affect tne reactivity or power of
the reactor. (1.00)

b. The individual manipulating the control must be under the directicn
of and in the presence of a licensed reactor operator [(0.50] and

the manipulation must be part of the iadividuals training as a
student [0.50]. (1.00)

REFERENC

10CFRSS, Part £5.4 , 55.9 and $9.13.

(wexsw CATEGORY L CONTINUED ON NEXT PAGE wxwa»)
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AND_LIMITATICONS

ANSWER L.0% 12.50)
1. SCrAM the reactor (0.50].
2. Secure any exposure facilities which are in ase [0.50].
3. Remove the logbook [0.10], emergency guide [0.10], radios [0.10],
teletector [0.10), tool kit [0.10), and keys [0.10] and report to
the EAS [0.40].
4, Do NOT lock reactor area doors [0,.50). (2.50)
REFERENCE

Operating Procedure for the AFRRI TRIGA Mark-F Reactor, Sec. VI
AFRRI 3220.2H, Enclosure 4, ». 13.

ANEWER L.us (2.00)

1. Reactor FPhysicist-in-Charge (Will accept Reactor Facility
Director) [0.50].

2. Reactor Operatioas Supervisor [0.50].

3. Most-genior licenged SRO present [0, 50),

4., Most-senior licensed RO present [0.20]. (2.00)
REFERENCT

Emergency Plan for the AFRRI TRIGA Reactor Facility, ». 23,
ANEWER L.07 (1.00)

He can look at the Security Area Reglster, {1.00)

(«xx&x CATEGORY L CONTINUED ON NEXT PAGE t‘x»¥x;
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AND LIMITATIONS

REFERENCE
AFRRI 3020.2H, Enclosure 4, p. 14,

ANSWER L.08 (0.50)
TRUE
REFERENCE
Emergency Plan for the AFRRI TRIGA Reactor Facility, p. 30.

ANSWER L.09 (3.00)

a. EALs are thresholds for establishing (entering) an emergency class.
(1.00)

b. Any two of the following at 1.00 each:
dee the attached Emergency Classification Guide.
Parts of ary one of the EALs that are ccmplete within themselves
such as “Receipt of a vague bomb threat” for Class 0, or "Verified

visual ohservation of fuel damage involving multiple clad failures,”
for Class 2 are accepted for full credit. (¢.00)

RETERENCE
Emergency Plan for the AFRRI TRIGA Reactor Facility, p. 38-42.

(#sx+s END OF CATEGORY L a%wxx)
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Table 5.1, Emergency Classi{ication Guide

‘w

Emergency
Class Emergency Action Level (EAL) - Purpose
| Clash ' Receipt or notifleation of vague bomd Ursau or awi disti-oances 1. Alert stat!
. Evenu Lem | norrmpecifle o the reactor | e posmiue
| Severs Than | eseaation
. The Lowest | Omsarvation or notifleation of personnel lnjury or dsanlement
. Category , within the operstions boundary : 3. lnitiate
l ! usemment and’
' : Notifleation ar rvewipt of offlcially declaed severs waather warns | or conflrmatory
| ingy for the wea | actioms M
‘ ~ ecemAry
! ! Obsarvation of & small but wnmual los or drop of normal reactor |
| | poal water that @ deiar Nined to de wilhin the capadilities of Uw i U Provide
| | normal Maxeup water systemis) ' Ireatment and/
} | oe intiate
| ' Observation of & minor rediation (ncident within the cperations correstive
| boundary 10 (nciude &0 experment f ure post-irradiation dunng, ietone, M
{ ! rc-ﬂmnm.mwumcmmm " ecwm—ary
1 of unexpectad higher than normal reactor facll radiation reacd
: gy or alarmis) below the LAL Uwesnolds iden od for 4 Clam |,
i "Notiflenton of Uil [vent” emergeney condition Usted daow |
| | Pl sarm o coeervation/notiflesdon of a4 fre or explosion i
| determined 1o be outmds of and not immediataly adlacent o the
1 Feacior cperytions bounary or ne itvalving the recetar faeity. |
| 4
!
| |
| {
. f l




Tadle $.1=cont:nued

| Emergency
,‘ Class Emergency Action Level (EAL) Purpose
Clams 11 ' Receipt o “Ufleation of 2emd Uveil o avd Astusance . Assure that
Noufleation | peclicaly drected gLt N resctor and having potential | emergency
of U namuad | rediclogieal release of resctor faclity stuetwu camage mpuce- | pemonnel we
: l.vm Uore reacdy avadasie
| ‘ o respOng,
? Notifleation or receipt of an wanticipated ~eactor lacility intry .\.;w "
fon detecuon syntem aarmisl. (Note: Syeh events wil be acted '
! PO In sccorcance with the AFRRI Reactor Faoility Phveical 1. Perlorm

Secunty Plan, which 4 protected T  pudue caciosure./

| Sustained fire (210 minute duration) or miner explosion within the
’ | CPErALONS Doundary (especialy wilhin (he regctor room) whieh

| could adversaiy affect the resctor or (U control Tystems: deter
| mined via otservation, novifleation, or o flre alarm catermined to
| beimtiated from wilhin the reactor cperations doundary
l

Offieia) report/notNeation of comervalon of exulng of (Mmminent
severs Natural phenomena (A the Mmediate loca: ares whieh might
chuse rescior facllity suvetwal damage

|
: 1 Low pool water leval alarm actuation (loas of 26 nehes of water
frem the normal pool water level) in conjunc.ior with coservation
‘ { or notifleslon of 4 continung unusual or signil cant loss of pool
| ‘ water, 0 inciude ooservation/notifiestion of unplanned
| leAks/Dreaks in the primary coclant doundary, al of which are
| | either sclatadle of determined 10 be within the cipadilities of the
[ normal AN eMergency MAxeup waler systams such (hat core
| ancovening & not poasnidie or i not Ukely without fother escaation
|
f

Visual cbearvation cues of sctual of napected ims o0l fuel darmage

of clad fadwres) or actuation of ynanticipated 1acia'ion uarms
< (with of without visuai cues or an experiment ladure), specifi=
eadyr Rl reciauion ares monutor (RAM), located rear the surface
of v resctor pool 2500 mR/Nr for 2! minute: R! RAM, located
an the wert wall of the raactar room, 210 MR/ ford | minute: E3
RAM, located on the want wall of the resctor prep ares adjacent 10
ANd acUNg &8 4 raciation streaming detector for exposure room o1,
210 nR N for 2] minuter B0 RAM, (ocated on the west wad of the
resCior PrED ArGA AdTacent L0 and aclUng M 4 radialion streaming
deec o for expasure room 02,210 MR/ for2 | minute: RS
RAM, oceted on the cadle trad doum to the saeor core doly
SAFAQE WD ecUNg &8 ¢ cTiticalitly Montor Sum g fesctor shuls
Jowh or securdtd pariods, 289 MR/ ford | Miwiel stasw A
monitor, whieh samples and monitors the gaseo.' radicactive
effiuents from the AFRRI reactor stacx, eQuivaient! 2000 times
MPCqpr for Ared] lunrestricted area) for 21 minute: o the reqctor
room cOntinUCW air moniter (CAM), whieh samples air ‘mec fically
particulates contained within the air) from girectly ove' the core
aedr the pool surface. equivalently 2100 times MPC, .. for
unimowns (restricted area) for 21 minute=al of whieh must D
shanticipated slarmy

econfirmatory
and/of extents
sl~consecuences
Aseusmeny
necesaary

J. Perform cor
reclive and pro=
leclive scuomn,
o fecemaYy

4, Provide
weroprate off
Sile agencies with |
ourrent status
information

] (Rev 3/84)
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Tabie S.1=cont.nued

nergency

Class Emergercy Action Level (EAL) Purpose
|
- Obsarvation of an Uradiated fual alement clad mpture dunng o
| 2 " | feal handling weration, meeificady J e serwrenes @ out-ols b SENN
| | poal, La, i W rather AN water s, 2
| ‘ rpaNzALon 3
! | Offielal report or coearvation of severs natwral phenomena ongite :‘""““ e
| | SAURING AMAge 10 the resctor facuity structure A senjunclon annec
; wIth the wante pated EAL regiation slarmis) genullied uncer 2. Cotdt Wt/
1 clame |, "Notifleation of Unusual Event.” adove o e nermal
& | Reactor faculity fire Marm of reportcteervation of 4 natuned e o
3 | fire (210 minute d@ration) of expiomon (Inciuding musue (mpaet) \eamary
! wilhA Uhe operalions Doundary that U determined 10 have drecuy 3, Loles .
; sompromised the reactor (aeility structure (especially and partievs By e o
’ | lariy the resctor room) (A cennACUOn with the unanticipated EAL e seted
| raciation alarmis) idenufled wider Clam 1, Neuflesuon of Unue R T
| | rial Bvent,” above e i
| ‘ Low pool water lavel alarm setuation (loms of 24 inches of water :M;;::'“
[ | from the normal pool witer level In conpunction with otmervalon s mom.-':l-
, or noufleation of 4 very araatis or continang sgnflcant lom of poss -
| | posl water whieh @ determined (o be A excws of Lhe capadlities b vy
' of the normal ANd emenrgency MAkeu water TyItems and whieh ean pr-
| [ LUMAtaly or doms actually (880 10 the COPE DeCOming uneavernd feoEmary
[ L Verdled visual wservalion of severe/extensive fual damage inve' = :"::':'.:::_
1 ‘ g MuUple clad fadures (Mone), of unarLeipated aarms of the oo b
, renctor room CAM (at the EAL thresnold dentified for o Clam |, i
: , "Notifleation of Unusual Fvent” adove) in conjunction wilh racias 5. Puferm one
| | Uon alarms fom R1, R1, and RS, and/or the 1lacx gas T omlor (als0 190Lve setions
| ot the EAL threanold lavels dentifled for & Clams |, "Notifleauon » !
of Umusual Event® wpove) provided the uarmi are coneurrent, foe e
s Suraton 2] minute, and unanv cipated . Provice
setifiestion to
| and consutation
with approprate
afnite agencies,
] M NeCemAry
| 1. Providr nloema-
tion for the putle
through the Delerse
Nuelear Ageney CNA
Puplie Alfairy/
Information Office

“Uranticioa W® within Tadle 5.1 and seci 0w L0 and 5.0 ementially 5 used
1o ensre thal the alar® o0 ather threshold (ndieation is in fact amociated

with o real emergency Az and not, for example, as o resuit of o tert o
saubration of the systym of a3 ¢ reruit of planned wnd approved mecial
work permit operations where such aurms of threshoids wouid De antiel

pated a3 & matter of course.

1) 100 times MPCy e (unragtriered ares) for Azdl ot the top of the suex 4 | (Rev 3 84
equivaient to 1, S X 10'} m A% at ite AFRR] gite Doundary.

Notes: l)

1 100 MPC, ,ominvtes for unimowng (reatrieted 4res) (A the reqetor TOOR i
equivaient 1o 0078 MPC, ey for unanowns (ynrestrictied ared ot he
top of e AFRR! stacx
facter of 0 10

1hig camume; n3 MEPA fiitration and & Siution




FIGURE F-/

Eorly
Actual So. S Indications
~ ~
~ ~
\\ \\

\\ \\

~ ~
\A\‘ \\\

Number of Fuel Elements Needed to Reoch Criticality

OUTSIDE ELEMENTS ARE LOADED rIRST

taa
Indications '\ \

S sada

Nur.oer of Fusl Elements Needed to Reach Criticality

CENTER ELEMENTS ARE LOADED FIRST



ACHMENT A~/

AFRR[~TR

Prompt Neytron Lifetime

Beta effective (BQF"
Prompt Negative Temperature
1 .26 X

State Temperature (¢ Q

ement wWorth comparedq
LT °k/Kk $)

.

O O »= —

.8
4

C

®a N L

-

ontrol Rod Worths:

Standard Contirol 3
Trar”'ent Contro ‘
Stanvara

Transient

d
Control Rod Fo
ontrol Rod
Numbers: -
= 3.|1 X 10 fissions/Watt-second
= 2.47 neutrons/flssion

0

REFLECTOR

;,'OO Position Measured
REG 63.3 $3.66
REG 43.2 17
REG

4., | 12
REG

COEFFIENTS
cxCess
6l.2 .68

the remalining

P MM

Difference

$0.

from Pos
:




“ A=

BASE DATA FOR CONTROL ROD CALIBRATION

POSITIVE PERIOD METHOD

For use with the inaBous equation: 6

> 3
°<"'rj;r‘f‘ &1 _—1-‘*;_’_

eff
(Note: The ‘irst term may be neglected).

where L i L s 39 x 10°° seconds

Kerr

T = pariod in seconds, (k.")mz 1.024

2 0.007 (reference Oct 1375 Technical Specifications)

effective

The delayed neutron group data was derived from data presented by Keepin, Wimett,
and Zeigler in PHYSICAL REVIEW, Vol 107, pp l044-1049, (1975) and is as follows:

Group 8 (%) Z,,, (se0) A(See™t)
1 0.0213 &+ .002 5§5.72 + 1.28 0.01244
2 0.1418 &+ 007 22.72 + 0.71 0.03051
3 0.1270 + .01 6.22 + 0.23 0.1114
m 0.2567 + .01l 2.30 & 0.09 0.3014
5 0.0746 + .006 0.610 + €.083 1.13€3
6 0.0270 + .003 0.230 + 0.025 3.0137

Baotual * 0+647H £ 0,048 T, . x 9,022 sec (half life)
‘ -
Vs 2,44 Fiaales T = 13,016 sec (mean life)
’ R, M. SAVAGEY JR.
g, PIC, 3-10-80
.
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REFERENCE EQUATIONS

iy S AE
ACTIVATION A = Aoo‘" A e lime ) dps
A= oNt)
R/Hr @1ft = 6CEn
FLUX $ = nv (ncutronl/cnz-s.\c
FUCH'S PULSE MODEL EQUATIONS a
- 2(p=2) ("C) £ & 2(p=8) Awg
max o a tot k(a)
2
(p=8) " ™MW L ¥ .
ux' % k1 ‘ 1 v initial period
g = 9psec aw1.0/% e 1.26 10”48 K/%
8 = 007 K ¥ Q.b
Assumptions: Point Source, Adiabatic System, No Delayed Neutrons
IN-HOUR EQUATION pvs T
8 8
o nl o 1¢x"r ) xnér
efe 1Ay 5
1
a’ . 19T For T >10 sec.
SUBCRITICAL MULTIPLICATION TACTOR M
Cc 1
ok g, " Tk
1/M = C°/C Plotted vs Fuel Added (kFod Withdrawn)
NEUTRON SOURCE
3CL Am Be l.C)6 neutrons/sec
A.241 - 2!«‘ " P‘,‘,23‘7
+
PERIOD T
N =N .t/"!‘
(¢
POWER P
P = ﬂ‘—'—, Watts Where V = Volume (cn’)
10
3.1x10
Ak
P =P e At

o)




A-4

REFERENCE EQUATIONS
(Cont.)

REACTIVITY Measure of departure from prompt critical
b

pmil, &% e | %
k=1
bg = X k‘.‘f Where e.ff-.oo7

REACTOR SCRAM DECAY TIME
From Group 6: T = B80sec.
t‘l = 55.6 rec

Precursor mean )ife = 12.7 sec

I B
I = (l*uX) -‘m’—

. 3

‘n‘, g

N
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4.2.5 REACTOR FUEL ELEMENTS
Applicatility

This specification applies to the surveillance requirements for the fuel
elements,

Objective

The objective is to verify the integrity of the fuel element cladding.

Specifications

All the fuel elements shall be inspected for damage or deterioration, and
measured for length and bow at intervals separated by not more than 500 pulses
of insertion greater than $2.00 or annually (not to exceed 15 months), whichever

occurs first,




3.4

4.4

VENTILATION SYSTEM

Applicability

This specification applies to the operation of the facility ventilation system.

Objective

The objective is to assure that the ventilation system is operable,

§gecification

The reactor shall not be operated unless the facility ventilation system is operable,
except for periods of time necessary (up to 48 hours) to test or permit minor repair of
the system. In the event of a significant release of airborne radioactivity in the reactor
room, the ventilation system to the reactor room shall be s2cured via closure dampers
automatically by a signal from the reactor deck air particulate monitor,

Basis

During normal operation of the ventilation system, the concentration of argon-41 in
unrestricted areas is below the "IPC., In the event of a clad rupture resulting in a
substantial release of airborne particulate radioactivity, the ventilation system shall be
shut down, thereby isolating the reactor room automatically by spring-loeded, positive
sealing dampers. Therefore, operation of the reactor with the ventilation system shut
down [or short periods of time to test or make repairs insures the same degree of control
of release of radioactive materials. Moreover, radiation monitors within the building
independent of those in the ventilation system will give warning of high levels of
radiation that might occur during operation with the ventilation system secured.

VENTILATION SYSTEM

Agglicabilitx

This specification applies to the facility ventilation system isolation.

Ohjecti!g_
The objeetive is to assure the proper operation of the vent‘ilaticn system in controlling
the release of radioactive material into the unrestricted environment,

Sgecification

The operating mechanism of the
system shall be verified to be operable an

positive sealing campers in the reacor room ventilation
d visually inspected at least monthly.

Basis

i ears of operation has demonstrated that the tests of the
Experience accumulated over y p s 0

ventilation system on a monthly basis are sgfficient ‘to assure proper oper:
system and control of the release ‘f radioactive material.



‘ REVIEW COMMENTS FOR THE
ARMED FORCES RADIOBIOLOGY RESEARCH INSTITUTE
SENIOR RtACTOR OPERATOR
WRITTEN EXAMINATION
FEBRUARY 24, 1988

A. Tre specific facility comments concerning the requalification
examirations, followed by the NRC resolution, are listed in the
following paragraphs.

Facility Comment: Part "a" can be interpreted as a question on what the
count rate is doing five minutes after the rod motion
ceases as opposed to the change over the five minute
period as implied by the question. Recommend that the
answer, "REMAIN THE SAME", be allowed as a correct
answer,

NRC Resolution. It is agreed that the question may be interpreted in two
ways. Since the interpretation may not be apparent in
the answer given by the candidate and, therefore, since
the correctness of the candidates answer may not be
apparent, the question is deleted.

Nuestion J.01
Facility Comment: The exhaust damper is not located above the fume hood.

NRC Resolution: The words, "above the fume hood," will be deleted from
the questien in the exam bank. This discrepancy is not
considered to have invalidated the question and the
question remains intact.

Question J.03

Facility Comment: The question was confusing in that the word, "ALL",
could be easily missed and, therefore, an incorrect

answer could be given,

NRC Resolution: The question is valid and remains intact. The question
will be reworded in the exam bank to place the, "ALL",
in a more visible position.




Question J.12

Facility Comment:

NRC Resolution:

Answer 1.0

Facility Comment:

NRC Resolution:

Answer )5

Facility Comment:

The cuestion {s confusing in that the first part about
the existence of anti-siphoning holes is true but the
second part dealing with hole location is false.
Additionally the location of the holes is not considered
to be very important information.

The entire question must be true for the correct answer
to be, "TRUE". The question is not considered to be
confusing and remains intact. Additionally, a feeling
for whether the holes are located near the top of the
pool or near the core is considered important from the
standpoint of radiological concerns since the water is a
very important shield.

The Heat Exchanger Room and Hallway are more commonly
known as the warm storage area. Recommend you accept
warm storage area as a correct answer.

Reference: AFRRI SAR page 3-3

Use of warm storage in place of Heat Exchanger Room and

in place of Hallway to Heat Exchanger Room is accepted.

Answer is changed to add, "(Warm Storage)" to both parts
3 and 4.

Part b - The meter readout has been moved to the
Emergency Response Team center in room (3434).

Part d - A second stack gas monitor has been installed
with the following characteristics:
1. Scintillation Device
2. Readout meters in Control Room & Rez:tor
Room
3. Setpoint 889 cpm

Addition21ly room 3152 is called "Equipment
Room", not “"Upper Equipment Room"

Reference: AFRRI SAR, page 3-43, 44



NRC Resolution:

Answer 1-07

Facility Comment:

NRC Resnlution:

Answer K.11

Facility Comment:

NRC Resolution:

Part b - changed as follows:
Deleted - "Security Office (3112)"

Added - "Emergency Response Team Center
(3434)"

Part d - Added -
"OR

1. Scintillation
2. Control Room

Reactor Room
3. 889 cpm"

Deleted - "Upper"

Detectors rormally in control room are:
Teletector - High & Low range
Victorene - Low Range

Answers added as follows:

"Teletector [0.50) - High and Low Range [0.50]
Victorene [.50] - Low Range [0.50]"

Part ¢ - Either non-fueled elements or left empty would
be acceptable. This situation has never been
encountered as the reactor has never approachead
the excess reactivity iimits noted in Technical
Specifications.

Part ¢ - Since no reference and no prccedure exists to
cover this situation, and since the reactor has
never been operated in this condition, the

u:stlgn is considered inappropriate and is
eleted.

B. The following changes were made to the examination as a result of
final review an/or candidate questions during exam administration. All

the changes to the guestion statements were publicly announced to the
candidate during the exam by the exam proctor.



Question H.04

The word "control" was changed to "fuel”.

Question K.08

The word "control” was changed to "fuel".

Answer H.02 [1.00]

Replace answer with the following:
"Two possible answers depending on assumptions as follows:
The T will decrease [0.50].

EXPLANATION: The corrosion layer inhibits heat transfer across the
primary to secondary boundary [0.10]. In order to continue
to transfer adequate heat across this boundary the primary
temperature must rise [0.10]. Assuming that this rise
results in significant additioral losses of heat to ambient
[0.10]), the heat transferred across the heat exchanger will
decrease [0.10]. With constant primary flow and a decrease
in heat transferred [1.10] the T will decrease.”

OR

The T will remain constant [0.50].

EXPLANATION: If losses to ambient do not change significantly [0.20]
then the heat transferred in the heat exchanger must remain

constant [0.20]. With constant primary flow and constant
heat transfer the T will remain constant [0.10]."

Answer H.03
Replace answer given with following:

"Gecause the transient rod is located in a region of higher flux as
compared tu the regulating rod."

OK

Because the transient rod absorbs more neutrons than the regulati
rod. (1.00)"

Change point value to 1.00,
Justification:
The answer was changed to appropriately reflect the question as stated. The

point value was adjusted to be consistent with the difficulty of the altered
question/answer pair.



Answer H.07
Add the following answer:
“7. By depleting the fuel (operating the reactor).
Justification:
Alternate correct answer.
Answer H.10
Alter grading to indicate the following:

Correct period 25 sec (+/-1 sec) and or correct time from initial to
final time 350 sec (+/- 100 sec) [1.00]

Correct final power 30 kW (+/-20 kW) [1.00]
General Shape of Sketch [0.50]
Justification:
Clarify grading.
Answer 1.04

Delete "if this can be safely done," and make first part of answer worth
0.50.

Delete "so they can either assist or evacuate,” and make first part of
answer worth 0.50.

Justification:
Questions asked for actions not for reasons for actions.
Question K.06
Change point value such that:
Part a. is worth 0.50.
Part b. 1s worth 1.50.
Justification:

Correction of editorial error.
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