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DETAILS

Type of Examination: Retake

Examination Results: The SRO candidate passed the written exam. (Operating
exam had been previously passed and was waived).

1. Chief Examiner At Site: David Wallace
2. Personnel Present at Exit Interview:
USNRC
D. Wallace
AFFRI
M. Moore
Attachments:
1.  Written Examination and Answer Key

2 NRC reply to Facility comment and modifications to the written examination
after the facility review.



ATTACHMENT 2

Facility written comments and NRC resolutions for the AFRRI senior reactur
operations exam administered on July 21, 1988,

Question H.02
Facility Comment:
"AFRPI Uses an AmBe neutron source because of its long half=)ife,
The situation presented in this question is not relevant t_ our
reactor, We do not use the term power level to indicate the
subcritical wultiplication level, we use the term source level. The
"power level of the present st:, cup" is confusing. It could be
interpreted as the startup neutron popula“inn, but more likely, our
staff interprets it is as a cold critical conditions. Interpreted as
the subcritical neutron population, the source level would be LESS
and interpreted as a cold critical condition the power would be about
the same. "
NRC Resolution:
Comment noted. Question will be deleted.
Questions H.06, b. and c.
Facility Comment:
"Sections b. and ¢. are irrelevant to the AFRRI TRIGA Reactor."

NRC Resolution:

Comment s not valid. Under unusual conditions sections b. and c.
would be relevant,

Question 1.01
Facility Comment:

“The Pneumatic Transfer System {s not used, has been removed from
the pool and should be deleted from the answer key."

NRC Resolution
Comment noted. Answer Key will be changed.
Question 1.06
Fac'lity Comment:

“The words "high radiation field" and "relatively high levels of
contamination" are subjective dependent on: the situation, the actua)



Attachment 2 2

radiation Tevels, the radioisotope in question, and the way the
fndividual has been trained. Sections b. and c. could realistically
be answered either TRUE or FALSE."

NRC Resolution:

The comment is not valid. The same "subjective" words are used in
the referenced procedure. The candidate must be able to interpret
the meaning of the procedure.

Question 1.09
Facility Comment:

"This question can be answered either theoretically or practically. In
theory, GM detectors are not energy dependent. In reality, we refer to
several different detectors (incorrectly) as geiger counters. A trainee
is taught to use the 6CEN to get an estimate of the dose expected from a
source and to verify this using a "gefger counter”. It would not be
unexpected to recefve either a "SAME" or "HIGHER" response to this
question."

NRC Resolution:

Comment s not valid. If an oparator uses a GM detector, he or she
should understand that it is NOT energy dependent. If an operator
uses a detector that s energy dependent, then he or she should also
be aware of its capabilities,

Question J.03

Facility Comment:

"The answer to section b. is incorrect. In the event that any/al)
control rods remain stuck after a pulse, the reactor core would
convert into a steady state power operatfon. At full power (1MW),
the temperatures of the fuel safety channels do not exceed 450
degrees C. At maximum calculated power, it is stil) below the 575
degrees C. scram point as well as the 600 degrees C. Tech Spec
limit. The reactor will not scram by temperature scram. In fact,
we hold the "tail" of pulses for as long as 15 seconds at which time
steady state conditions exist. The power generated would be
equivalent to a slightly higher than normal steady state operation."

NRC Resolution:

The comment is valid and will be incorporated into the answer sheet.



Attachment 2 3

Question J.04
Facility Comment:

"This question is misleading. In an exam situation, the pressure could
easily cause a 0.2 to be read as a 2.0. First, a false statement is
given and then, the examinee is asked "why this limitation {s
necessary." When the false statement is corrected, there are several
additional answers that are acceptable:

1. Minimize corrosion to reactor components.
2. Minimize activation products in pool.
3. Optical purity of water in reactor tank."

NRC Resolution: a
The comment s valid in that a false statement is given and then the
examinee is asked "why this limitation is necessary". Part a. will
be deleted and the answer to part b. will be changed to include the
additional answers,
Question J.06
Facility Comment:

"The answer to section b. s incorrect. In Mode 1A-AUTOMATIC, all
manual upward motion of control rods is prohibited, therefore
nothing would hapgen.”
NRC Resolution:
Comment is valfid. Answer Key will be changed.
Question J.07
Facility Comment:

"The answer to section b. is incorrect. In the event of an
electrical fallure, RAM-a as we)) as the criticality monitor R-5 are
kept 1n service autumatically by a battery backed electrical system."

NRC Comment:

Comment fs assumed valid. Answer Key will be changed. It would be
helpful to include this information in the operation manua) in
Chapter 6.



Attachment 2 R

Question J.08
Facility Comment:

"The power defect (referred to at AFRRI as the power coefficient of
reactivity) is computed incorrectly. The total power coefficient at
1 MW is $3.47 (this includes the $.59 to reach 100 KW). However the
question as stated was at the time of the rod insertion what was the
K-eff of the core, therefore, the power level has nothing to do with
the solution..... »

NRC Resolution:

Comments are valid concerning calculation, however, it is doubtfu)
that a candidate would interpret the question to be at the exact
moment of shutdowrn. Since the candidate taking the exam interpreted
the question correctly no further comment fs necessary. The answer
key will be changed to correct the reactivity calculation.



PI8STER COLY

U.S. NUCLEAR REGULATORY COMMISSION
SENIOR REACTOR OPERATOR LICENSE EXAMINATION

Facility: __AFRR
keactor Type: JRIGA MARK-F
Date Aaministered: 28/06/2]
Examiner: Robinson, G. L.
Candicate:

NSTRUCTIONS TO CANDIDAT

Use separate paper for the answers. Write answers on one sige only. Staple
guestion sheet on top of the answer sheets. Points for each question are
indicated in parentheses after the question. The passing grade requires at
Jeast 70% in each category. Examination papers will be picked up six (&) hours
after the examination starts.

Core Parameters

L. Administrative Procecures,
Conditions anc Limitations

20,00 20 .00

Category % of Applicant's % of Category

Value Tota) Score Cat. Value

20.00 20,00 K. Reactor Theory

20.00 20.00 1. Radicactive Materials
Kandling Dispesal anc
Hazaras

20.00 20.00 J. Specific Operating
Characteristics

20.00 20.00 K. Fuel Hancling anc

10000, 100Q0 e otals

Fina) Graoe *

-

A1) work done on this exam is my own, 1 have neither given nor recieved aic.

Tancioste s dignature



L NRC RULES AND BUIDELINES FOR LICENSE EXAMINATIONE
. &TING the adminietration of this evamination the fellowing rules apoiy:

. Checttng Of the examination means arm autometic genial o¢ your éoolicetion
end coulo result i1n more severe peralties,

+ FRestroom tripe ére to bE limited anc enly one candidete at & time mé,
leave. You must evoicC all contacts with anyone outsice the eram nation
Foom to avoid even the appesrance or POsSsibility of Cheating,

Use black ink or darl pencil £0ly to facilitate legible reprogucsti ong,

« Print your neme in the tlank provicdec on the cover sheet of the
eamination.

Fill in the tate on the cover gheet of the examination (14 rezeossery.,
Jse only the pepur proviges for arigwers.,

Erint vour rero 3r thée uzoer righterang correr C4 the ¢iret sege ¢ 4 4-4al
section ©f tre éncwer ghees,

CONSPCUtively rumLer Gech angwer sreet, write "Ent of Cosegory L

-~
ELRPTODr.ietEe, ELETt wech Category on & DEr FPoge, write oriyv o0 20y g.08
Of the Deper, 72 write "Lass Fege" cr the lest orawer ghess

Numser eecsh egrgver sg +o Ceteqory &m0 rumter, Yor e ammic. 1.6, &.7%.

e BHiIp @5 Leass GIZEE LiNES DELWRE" @ECh erSwEr,
<o Bererete erswer srpets dron FEC &1'C pléce Yinigned anEwe” $roecs Yece
COwWA Of your cesl o tible.

~o LS® aibrevieticrne orly 14 they are Commorly useC irm Sacility ailgesu=e.

<e THRE® EOIFrL velus $or €8Ch Questicr is irciceter ir Féverthesss 24te” tre
CUEETICN &m0 Cér te Uses &8¢ & FLICE fO0" the Cepth ¢ amgwer reqQuires,

s SPE, MESN20E, O- ¢ESLUTOTICIE uesel

.- h--‘\’-
4 e Sb%
LC methensticel proclens wWhRLThEe” imCiceses 1P the cvestic

. r L Bl R

" er

o Fartial crezit may be Given, Thereéore, ANSWER ALL FAETE OF THE
QUESTION AND D0 NOT LEAVE ANY ANSWER ELANI.,

Lo 19 parts of tre fXAMINAtion are riot clear os to intent, ash Questiors o4
the gugoines enly.

« You must sign the statement or the cover sheet that indicetes that =<re
wWOrk 18 your owh ang you Mave not received or been Qiven assistancs inm
completing the examiration, This must be cone after the examination hes
been comcletez,



€. When you conplete your Exaninetion, you shall:

&, Arsemdble your exemiratior as follows!

(1) Exem ouestions or tor.

(-A

«) Euem @108 - figures, tetles, etc.

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

B. Turn in your copy of the eraminetion and all peges usec tec arnswer
the examination gquestions.

€. Turn in &1l scrap paper anc the balance of the paper that you ¢dig
POt Use “or enswering the Questi.ns.

€. Leave the e emirnation ¢res, o8 defined by the e aminer, v #frer
leaving. you are found i1m thig ¢TEe while the e amination 1e €41}
AN Prog #f8, your licerse nay be geriec or revol ec.,



H. __REACTOR THEOQRY

QUESTION H,01! (3.0

A critical! reactor is placed on a stable reactor per i od
of 60 seconds at low power.,

a. What is the approximate reactivity which has been
inserted? <(Assume lambda is 0.1/sec. and
beta = effective is 0,007.)
SHOW ALL WORK, 1.%)

L. I an agditional 0,001 reactivity is added to the
supercritical reactor, what wou'd be the resulting
DOUBLING TIME. Assume no heating effects,

SHOW ALL WORK, (1.8

ny
, ,'* T
| ?
v ¥
Your reactor has not beern operated for a 10n9 pericod of
time because of Building repairs and other necessary
maintenance, The rieutron scurce strength s about halé cf

what it wat wher the reactor was last started up., ALL
OTHER FACTORS are equal wher criticality is reached.

QUESTION H.02 (2.9

& Is the power level of the present startup GREATER,
LESS, or about the SAME as that cf the previcus
startup? Bried'y explain your answer. (§.29)

B. Are the critica) rod heignts for the present
startup MICGHER, LOWER, or about the SAME when
COnpared with those of the previous startyp?
Briefly explain your arswer. €1.2%

(ossos CATEGCRY M CONTINUED 04 NEXT FAGE ssees



H, REACTOR THEQRY

QUESTION .03 (2.0

Your reactor is located in position S&7, After severa)
weeks of being shutdown the reactor is taken critical

and the rod positions noted, The reguliating rod

position was at 400 units, The reactor is again shutdown
S$ix dars later after maintenance and tests on the primary
cocling system, the reactor is again taken critical, A
sample worth a NEGATIVE $0.2% has been placed in the core
and the pool temperature has decreased by & degrees
centigrade. 16 al)l rods except the regulating rod are
placed in the same position of the previous criticality,
what would be the rew position of the regulating rod when
Criticality is achieved., Assume ne cther reactivity
changes occur, Usefy! constantey, equations, and
Feactivity curves are appended to back of the €xam,

QUESTION H.04 (2.0)

Indicate whether the following statements concerning
fission product poisoning are TRUE or FALSE.

&, The amount cf positive reactivity needed to
cvercome the equilibrium value of xenon=-13%
poisoning at 100 per cent of Ful) power is twice
that reeded to cvercome €QuUilibrium xenon=12% at
SO0 per cent power,

B. When increasing power from S0 power (after
¢extended operation) to 100% power, the xenon=13%

concerntraticrn imitial)y Cecreases anc then
IfCresses,

e The equilibrium value of samarium=149% s NOT
dependernt on power leue!,

g. Shutting down the resctor 4rom full power does
NOT change the samarium=14% corncentration,

(®ssss CATEGORY M CONTINUED ON NEXT FAGE ssves)

(2.0

0.3

(9.9)

0.5



B ___REACTOR THEOQRY

GUESTION H.09 (3.0)
YOour reactor is subcritica) and K-~effective
YOur startup channe! reads S0 cps.,

when the count rate has Increased to
what is the new K-eéfective? SHOW A

Would the reactor be subcritical, cr
supercritical 4 enouatr reactivity w

dout the count rate again? oML

b




M. REACTOR THMEQRY

QUESTION H.08 (1.9

Your reactor has Jjust reached criticality after being
shutdown for two weeks and is placed on a ninety second
period., Therafter no rod movement occurs. Later, you
find that the power increases by & factor of 10 in 300

seconds. Have you reached the point where temperature
effects are noticeable? Justify Your answer and show
all work,

QUESTION H.09 1.5

Briefly explain HOW and WHY the worth

of & regulating
rod would change i arncther rod is placed adjacent to
Ity

(eseos END OF CATEGORY MW Eare)

(1.5

(1.5



L.__RADIOACTIVE MATERIALS MANDLING DISPOSAL AND MAZARDS

QUESTION 1.01 (3.0)

4., Briefly describe how nitrogen=-16 and argon-~41 are
produced by the operation of your reactor. Include
the source(s) of these radioactive isotopes and
describe where the source(s) is found,

(2.0)
b. Indicate which of the above two radiocactive Isotopes
Is more likely to $ind its way into the environment
outside the reactor building., Briefly explain your
answer , (1.0)
QUESTION 1.02 (3.0

Work must be pcrformed in Exposure Room | where there '8
& 900 mRem/hr gamma radiation field, The person performing

the work is 23 years old and has & )ifetime exposure through
last quarter of 22 Rem &8 indicated by his NRC FORM 4 and ne
exposure this quarter.

&, In accordance with 10CFRZO,

P G \Ol’lg 1t this
perscorn permitted to work

in this ares? (2.0

B. In accordarnce with facility procedures hew long
s this person permitted to work in this area
without obtauhuhg special permicsion

to receive &

larger dose? (1.0
GUESTION 1.03 (2.0)
After working in an areas for 2 hours, a worker discovers
that his pocket dosemeter Freads ofé-scale. He immediatel y
leaves the area. & SUrvey Indicates that radicactive
source left out of ity shield i Feading 1600 mrshr gamma
&t & distance of 2 feet. The man had been working about
4 feet from the fource. Estimate the dose which the
worker received, Show &l calculations, (2.0)

(sssss CATEGORY ] CONTINUED ON NEXT PAGE rrene)



L. RADIOACTIVE MATERJALS MANDLING NISPOSAL &ND WAZARDS

QUESTION 1.04 (3.0)

List the three conditions which must be satisfied before
the exposure rooms may be opened WITHOUT A SAF moni tor
present., Assume that no radicactive material or equipment
Is to be removed from the prep area, that the proper
entries will be made in the ¢xposure room log, and that

the reactor has not been O power in that ER since the
last survey,

(3.0) |
QUESTION 1.09% (2.0)
A radicactive sample was taken from the &ir eing inta 7
the stack, (assume only ocre isctope.)
The sample was counted &t the following times:
Time (minutes) Counts per Minute
|
’roltl.) cc:uht 00 |
30 740
é0 619
o0 o112
180 294
What g the half=)ide of the sample”
SHOW ALL WORK (2.0)

(Errns

CATEGORY | CONTINUED ON NEXT FRGE »ssss)



Lo _RADIOACTIVE MATERIALS HANDLING DISPOSAL AND HAZARDS

QUESTION 1.06 (2.0

In accordance with AFRR] INSTRUCTION 6310.1F, "Management
of Injured and /or Irradiated or Contaminated Personne!,
Iindicate whether the following are TRUE or FALSE.

a. First aio usvally takes precedence over decon=- (0.5
tamination procedures.

k. Do not move an injured person, even if¥ he or she
is in a high radiation field, until the injured
person has been examined by & competent medical
professional . (0.5

¢, The presence of even relatively high levels of
contamination rarely conetitutes & hazard to the
individual, (0.5

d. The primary methiod for decontamination of an
Individual is through the use of a milg $0&p
&Ng warm water, (0.5

QUESTION 1.07 (1.3

Does the biclogical effect of 10 REM depend on whether |t
'S & neutron or gamma dote? Briefly explain your answer, ¢(1.%)

QUESTION .08 (1.9

Twe centimeters of lead placed at & certain location in -

Beam of Qamma rave reduced the Qamme radistion leve)

from 400 mr/hr te 200 mreshre . What sadditions! thickress

Cf lead placed in this beam would reduce the gamma leuve!

to 2% mr/hr . Assume no builoup., SHOW ALL WORK, (1.%)

QUESTION 1.0% (2.0)

Consider twe point sources €ach having the same curie

strength (for example, | curie tach) ., Source A gamma’s

have an energy of | MeV while source B gamma’s have arn

erergy of 2 MeV, Your obtain & reading from the same

Ceiger courter 10 feet from each source., Weould the resding
from source A Le about twice, one-halé, or about the same

&% that from scurce B? Briefly explain your asnswer, (2.0

(eosss END OF CATEGORY | sseses)



J.  SPECIFIC OPERATING CHARACTERISTICS

QUESTION J.01 (3.0)

During operatior of vour reactor, what direction of move~

ment of the contrel rod, i€ any, will be required to main=-
tain constant power level by the following changes,

Assume each change occurs independent)y, BRIEFLY EXPLAIN

YOUR ANSWER.,

&, AN exper iment containing air that is placed next to
the core leaks and €i11ls with water,

B, Conductivity of the primary coclant decreases.

€+ A boron sample 18 placed in the core via the
rabbit gsrystem,

QUESTION J.02 (2.0
Consider the Primary Cooling Srstem
&, What s the purpose cof the smal)l holes Grilled

In the suction and return Yines about 4 inches
beneath the poc! surface”

Be In the event of & large Yose of water (Below core
height) due to & reacter leak, what means are used
to provide water to meintairn the resctor coc)ant
leve! above the reactor core?

QUEET I Gy J.03 (2.9
Corngider the pulse mode.

&, Explain why the temperature channe)l normally has
ne effect on 1imiting the peak power generated,

L. Explain under WHAT corndition and HMOW the temper=

.Qur. ch."n.‘ “J.]‘ ',.u_). an .‘4.ct on ll"h!!ll"g t'l.
power being generated,

(essss CATEGORY J CONTINUVED ON NEXT PAGE eeess)

(1.0

£3.0)

£1.0)

(1.0

(1.0

(1.0



o SPECIFIC OPERATING CHARACTERISTICS

GQUESTION J.04 (1.5

:
i RV/L :

Consicler the Primary Water Purification Syitem. A%IAP

8. TRUE or FALSE? Your tech.: | specifications state
that "the reactor shall not L+ Cperated i+ the
conductivity of the water (s LREATER than 0.2
micromhos/cm at the ocutput of the purification

syetem, averaged over one week,

0.5

B, Give two reasons why this 1Timitation is necessary, (1.0

QUESTION J.08 (2.0

W

AESUME YOUr reactor has been at Fated power for one week,
The reactor is shutdown for a period of two hours, Ouring
this time an experiment is inserted. Alse during this

time the primary coolant temperature decreases

S degrees C.,

Briefly descr ibe what indormation wou'ld be hecessary to

Caiculate the critical rod positions,

QUEETION J.0é (2.0

The reactor is cperating at S00 KW in Mode lA-AUTOMATIC,
Indicate whether the following are TRUE or FALSE.

Consider each statement separatel v,

&, UWhern the up Button dor the regulating rod s fushed,

the reactor INCreases n power.,

By When the up button for the safety rod s pushed,

the regulating rod moves inte the core.,

€o When the mode switeh ig tharnged to MODE
Feactor automatically scrams,

11, the

d. When the mode switeh is changed to MODE 11, the

J=second periocd rog Withdr swal prevernt
IS Brpassed,

(eonse CATEGORY J CONTINUED ON HEXT FAGE seans)

interlock

(3.0)

(0.%)

(0.3

(0.9



Lo SPECIFIC QPEPATING CHARACTERISTICS

QUESTION J.0? (1.5

&, Which TWO of the ‘Ollowing receives its power from
transformer 42B .located in room 31%52)2 (1.0
fv G.E. Nuclear Instrumentation
i1+ Reactor Control Pane!
lil. Reactor Room Radiation Monitoring Equipment
ive Contre! Console Voltage Regulator

. TRUE or FALSE =~ 14 a)) AC electrical power i lost to
AFRRI, there wil) be no installed racgi ation monitoring
txetem alarms operable except the critical ity moniter? (0.3

QUESTION J.0@ (3.0

Your reactor g Cperating at 1 MW in position %&7 with
the regulating rod withdrawn 629 units, 1¢ the
regulating rod is fully Inserted, what (¢ Keeféective
Of the core at this time? Atsume no change in poo!
temperature or poison concen'ration, Usefu)

Feactivity curves are dbpended to back of the exam, (3.0

QUESTION J.0% (1.9

Ligt three con

gitions that must be fSetisfied before
ER #] doar can be cperied,

(1.%

(esees END OF CATEGORY J sesnn



K. FVE[ HauQ|[NQ aup ;QB: EﬁBﬁﬂEIEBS

QUESTION K.01 (3.9

Your reactor has Jjust been taken critical after bring
shutdown for two weeks. The following data was noted:
Core at position L ¥4
Safe angd Shim rods 100 percent withdrawn
Transient rod 250 units
Regulating rod 300 units

&, Using app. opriate curves appended to the end of this
exam, compute K-excess., SHOW ALL WORK,

B, I% excess reactivity within Tech Spec )imiteg?
JUSTIFY YOUR ANSWER,

Give TWO reasons why your techricas! specifizations Vimit
the amount of elongation of & fue! element.

QUESTION K.03 (2.0)

Irn accordance with cperating Procedure V11, "Reactor Core
Loading and Unloading", indicate whethar the following
stotements are TRUE or FALSE.

&, 1t s permissible to urlced the core under the
fupervigsion of the Beacter Cperations Supervigyer.,

&, It is permissible to load the COre with Just cne
Puciear instrumentation chanrel cperatiorna),

€ Fuel elements are lcaded in the core with 31! rods
but the safe recd inserted.

@, Fue) elements are lcaded starting with the B-ring
end C=ring thermocouple e¢lements,

(essse CATEGORY K CONTINUED ON NEXT PAGE ssvos)

(2.3

(1.0

4 P

(0.

(0.%)

(0.



Ko FUEL HANDLING AND CORE PARAMETERS

OUEsTlm K.O‘ (? JJ
Consider the reactivity eféect of replacing a fuel element
With new fuel near the center of the core (B=ring) versus

the edge cf the core (F=ring), Which new fue!) element will
803 the most reactivity? Briefly explain your answer. (2.0)

QUESTION K.09% 2.5

Cons ider the Technical Spacifications concerning SHUTDOWN
MARGIN,

&, What is the minimum shutdown margin allowed? 0.9
B, For the core position S&7 what would be the assumed
position of the shim rod, safe rod, regulating rod,

and transient rod when caleulating the shutdown
margin? (Consider each rod separately.) (2.0)

QUESTION K.0é (3.%)

The following data was taken GUring & core loading:

No. of elements Detector & (CPHM) Cetector B (CPM)

0 &0 32
12 $1 a4
24 && &1
3¢ &80 &
az 100 140
- 144 2%¢
8. Sstimate the number of fuel ¢lemants needed to go
critica). (Use graph paper provided.) (2.0

. Which detector curve did you use for

your prediztion
of criticality® JUSTIFY YOUR ANSWER,

(sex3s CATEGORY K CONTINUED ON NEXT PAGE sesas)




K FUEL HANDLING anD CORE PARAMETERS

QUESTION K.0?7 (2.0

No werk is in progress Invelving in=core fue! handl ing or
refusling operations, there are no insertion or withdrawal
of in=core exper ments, and the reactor is subcritical,

Maintenance is being performed on the regulating rod,
List ALL other required cond

Itions that must be satisfied
to secure the reactor. (2.0)
QUESTION K.08 (1.0)
The thermocouples in the Ihgtrumented fuel rod measure
temperature: (Choose the most correct arswer,)
A. Oh the surface of the fue) clagding
B. on the outer surface of the fuel
C. in the interior of the fuel =moderator sections
D in the center of the 2irconium rod (1.0)

QUESTIWN K.ne (1.3

~

When storing irradiated fue! Cther than
what twe congditions must be satisfied

Ih the reactor core,
Technizal Specifications?

Ih dcCcordance with veur

(l -!')

(eesss END QOF CATEGORY K seren



QUESTION L.01 (3.0)

You are the SRO on duty., You are also the only pe son
at the console. The reactor is operating at | MW in
position S&7 for an extended run, 14 the fire alarm
sounds, what are your immediate actions”?

QUESTION L.02 (3.0

The reactor s in the shutdown condition and 1s about to be
fecured when 1t is ciscovered that the conscle key hev been
logt, What are the minimum stasé requirements for this

. 3 tu&'IC‘rn-)

QUESTION L.03 (.0

Indicate whether or not each of the fellowing are viclation
o0f Techrnical Specifications., Briefly explain why it Is or
rnet & viclation,

4. Operating at ¢u)) power with one disabled Fuel
Temperature Safety Charne)

B, The reactor g cperated at full power for two
hours with the purification srystem Iinpuy water
temperature at 40 degrees C.

€. The resctor was inaduertent)y pulsed with ;

3.0 step insertion wher & $7.%0 pul e was
planned,

QUESTION L.04 (2.00

Give twd Technical Specification BASES ¢or the annua)
surveillance requirements to determine the reactivity
worth of each contrel reod.

(eosse CATEGORY L CONTINUED ON NEXT PAGE sssss)

(3.0)

(3.0)

€
U

(1.0

(1.0

1.0

2.0




QUESTION L.0S (2.0

|
ha ADMINISTRATIVE TROLEDURES , CONDITIONS, AND LIMITATIONS ‘
4. Define *burnable poison®, (1.0)
|
B. In accordance with your Technical Specifications, what
limitation is placed on use of “burnable poisons® in
your reactor, (1.0

QUESTION L.0¢ (3.0

Technica) Specifications rFequire the following radiation
monitors to be cperasble QUring reactor cperation:

v Two ARM detectors lo.ated in the reacter room
(Rl and R2),
Il One ARM detector placed noar tach exposure
reom plug door .,
It A Qas stack monitor,

IVe AN Air particulate monitor in the reactor
”C‘Mﬂ-

&, 'ndicate the AUTOMATIC FUNCTICINS (other thamn alarms)
SER0CIATe0 with the sbove )igsted rediation monitors
and the purpcse of these functions. (1.0

B, What is the reason for Placing an ARM detector near
®ach exposure roem plyg door (1.0

€. Which of the above )isted radiation monitors give
Both an avdible and visuva) alarm in the contre)

room?® (1.0)
QUESETION L.0? (3.0
8. Define Emergency Action Levels (EAL). (1.0

B. Briefly describe trne difference between a class O
4ng » class | Emergency Action Leve!., (2.0)

(essse CATEGORY L CONTINUED ON NEXT PAGE *raae



aT R T TAT

QUESTION L.08 (1.0

Consider the operating procedures required by your
Technical Specifications,

&, Who may make temporary changes to the procedure
providing these changes do not change the original
intent? (0.3

B. Who must eventually revirw the temporary change? (0.%)

(snses END OF CATEGORY L sssss)
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f « a4 veg/t

LA
£t
Kf = 1/2 mv
PE = mgn
',.V.‘lt

N ey "

2

w e/t

€ = 93 o

Q= eCpat
G = UAat
P = Hfah

P =up IOsur(t)
¢} -

P = Pget/‘

SUR = 26.06/T

SUR » 260/1% » (8 = )T

To(e/e) « [(8 «0)/ae)

Te Ve =)

Te(8«0)/(20)

* * (Kopr1)/K g0y Kors/Xors

o (A% Rypg)] ® [Typq/(1 & 2T))

P e (2ev)/(3 x 109
L = gN

Yater 'ar!gggg:;

1 gal, = 8,345 tom.”
1 :tl. * 3.78 liters
] . 7.48 90;. 3
Density » 42 .4 c:’/ft

‘Dersity » | gy

Heat of vaporization = §70 Bu/loem
Meat of fusion & 144 Bty/lde
1Atz » 14,7 pst = 20,9 ‘?{ Ng.

Y 8 WA LA reer A

g Vot * 112 a?

e (Y, : o)/t

Ry(1 = Keon) ® Ra(1 = ¥,

e ————— - ————

Crele efficiency o (Networx
out)/{Enargy 1n)

A = AN Aw A°‘°lt

A= wt,,z - 00":/:’/2
et = (%))
i) * (%)
[“e Ioe"x

[ o] ™™

t o xo 10°%/TVL
™VL » 1.3/

HYL » <0.8383/x

SR e S/” . ‘Qf.‘)

Ry = (1 - Ketey)

#2)

Mo 1/(1 oK) © R/
M= T = Kapped/(1 = Kopey)
SO ® (1 = Kopg)/K gas

t* = 1C7° seconcs

T e 0.1 secongs”!

Wik ,
L Db, ; P
R/hr = (0.5 (X)/¢(meters)
R/AF o € CL/¢? (feet)

Miscellareous Lonversionsg

! curie » 3.7 2 100

1 kg = 2.2) loe
1 hp e 2,54 x 10° Bru/ne
T aw e 3,40 x 10° Bsu/nr

1ine 2.4
°F = §/5°C « 32
*Ce85/9 (Y-R)

1 BTU » 778 f1-1bf



9 SEP 87
AFRRI-TRIGA REACTOR PARAMETERS

Prompt Neutron L!fetime 39 uSec
Bets effective (B .. 0.0070

Prompt Negat!ve Temperanture Coefficlient of Reactivity
=1.26 X 10 *k/k/°C (-30.018/°¢C)
Steacy State Temoerature Coefficient of React!vity
=5.1 X 107° “k/k/%C (~$0.007/°¢)
Vol Coefficient of Reactivity
«0.2 X 1074 *k/k/1% voio

Tank Constant 1.48°C/100 Kw=hr
FPower Coefficlent of React!ivity!
15 watts to 100KW $0.59
15 watte to | MW $3.47
Nomina! Fue! Element worth (compared to H20)
RING 2k /k ($)
8 .89 1.87
¢ 0.73 1,04
(o] 0.57 0.862
3 C.31 0.44
F .20 0.28
Nomina! Control Rog worths:
Stencerc Contre! Rog $).84
Trensient Contro) Rog 3.66
Stancarc Contro) Rog Follower 0.20

Transient Control Rod Follower 0.30
Other Mag!c Numbers: 10
€= 3.1 x 10 fissions/watt-seconc
v = 2,47 neutrons/fission
REFLECTOR COEFFIENTS

Core Position Rog Pos!ition Messurec Excess Difference from Pcs 567

231 REC €3.3 $3.66 $0.5)
567 REG 43.2 4,17 ———
833 REG 44,0 4,12 0.08
903 REG €1.2 3.68 0.49%

In a)l positions, the remaining contro! rogs were configureg
88 follows: SAFETY « upP SHIM « UP TRANS - 25,0
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PR e s AWK Hey = Chirges rriopevan]

u*——-s‘a:ln!—ls‘gsx
ANSWERS =~ ARMED FORCES RADIOBIO., RES-8B/0™/21-ROBINSON, 6,
ANSWER H.01 (3.0
&, Rho = Beta 7C) ¢ Lambde » Tau)
= .007/(! L 00‘ * ‘0)
= 001} (1.9

b. Rheo = ,00) ¢« 00! = .003
Tau = (Beta = Rhe) / (Lambds x Rhoo

- (.00? - o°°:> F 4 (O.l x .003)

® 27 seconds (1.0
Doubling Time = Tau x In2 = 7.3 seconcs (0.

NOTE: 14 asppliconts answers part 2. incorrectly, use
spplicant s answer to patt . te caltulete the
sntwer Yor RALL B

REFERENCES

WFEE] Reserence Fackage, Rederence eguations

Reactor Cperater Regquadlidication Program W = 2.2 .21
Fungamentals of Nuclear Reactor Engineering p. €%

“ahl E ", 0 (2.8 5
e 02 - THS Svtsniewr Toe.C'Ce
8, FPresert startup power leve!l wil) be | wer ., (0.5
For o given reactivity aggition, subcritical
mrultiplication results in & lower neutron pooulation
IRCrease 4or the redactor with the lower initia) neutron

population, 0.7%)
Ve Critice) rod positions wil) be pproximate)ly the (0.3
fame

The critical rod position is Sepencent ypon the positive
FRACIVItY Recessary to Dring the reacter criticel ang is
ingepengent of source magni tyge, (0.78)

REFERENCE

Schultz, M, A,, Contra) of Nuclear Fesctors and Fower Plants
| l?| 372,

WISLER n 03 (2.0
€ Ceprees redctivity change ® =g x 00,007 / ¢ = «80.042 (0.9
At G000 ynits voQ worth = $0,.%8 (0.9
Tetal rog worth = $0.%3 ¢ 80.042 - 80.2% » s .74¢ (0.9
Reg position is 472 units 0,9
REFERENCES

AFREL  Rederence Fachage
Fungamentals of Nuclear Reactor Engineering p. 7%
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ANSWERE == ARMED FORTES RADICEIC, RES-86707/21-ROBINEON, G,

ANSWER  M,04 2.0
&, FaALSE 0.
b. TRUE “w.D
€. TRUR “w.%
g. FALSE 4 %3
| REFERENCE

Funcamentals of Nuclear Engineering p. 8d-9)

ANBWER H.08 (3.0)
| b LBol e (oibegddl) » 2 @ 1o 08 i (K=eddd) = %% (&0
| Ch=1 I=(k=asél) TN
| By Joibegédél) = 2 ®» 1o 8¢ I (K=¢$43) = (, 098 (0.9
l=(h=pssl) i1=(kmgedl)
THEREFORE THE REACTOR 1§ STILL SUBCRITICAL (0.
| REFERENCE

Fundamentals of Nuclesr Resctor Engineering p. J1dd-1d¢
AFRR] Feference Fachage

ANSWER M. 0¢ (2.0
; ¢, Decresse 0.9
| B. Incresse L.
| €. Uscrease (0.
¢, Decresse (0.
REFERENCE

Lamarah, J. R,, Introguction te Nuclear Engineering

| Funcamentals of Nuclear Reactor Engineering p. 100-110
’ P 321-00¢, 343-3%0
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ANSWERS -~ ARMED FORCES RaDIOBIO, RES-86/07/21 -ROBINSON,

ANSWER 1.01 3.0

4. N=lé is produced by fast neutron activation of oxvgen
in the coclant water in the vicinity of the core,

Ar=41 is generated by neutron activation of Ar e,

& constituent of air, Jisclved in the coclant water
BOE TN TRE 310 0F praumetet bbb b g ¢
exposure rooms. (Each part worth 0. 25pointe,)

B Ar=4l is most )ikely to encd up in the enviIironment .,
N=le hat & seven second held )ide ane cecers Letore
It becomes an environmentas! protlem,

REFERENCE

AFRR] S&k p, 22, 23

ANEUWER 1.0

o

(3,0)

&, S(2F-18) = 2% Renm
Lifetime 1imit = 28 « 23 = 2 Bem
With Form & on 4ile, person permitted 3 Fem gtr,
lidetime 1imit ig more restrictive.,
2.0 Rem /(0.9 Rem/hr) = 133 minutes

L. F.c&\|!y 1imit B !-C‘ mr gey
SO mr (P00 mr hr) @ 3.3 minutes

REFERENCE
10CFR20.,102
Health Physice Procedure 3-1-3

ANSWER 1.0% (2.0

DI/CR2 X R2) » D2/(R] X Ri) 1600/7¢(4 X @) ®» DI/ (2 X
02 = 400 mr/hr

For 2 hours he received 2 x 400 mr = 800 mr

REFERENCE

Lamarsh, J. K., Introguction te Nuclear Engineering p. a0%

(1.0

(.0

(0.9

(0.5

(0.
otj.s,.

\00!'
(00!'

(0.8
(Os!"
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ANSWERS -~ ARMED FORCES RADIOEIO, RES-88/07/21-ROBINSON, G,

ANSWER 1.04 (3.0

Po The last survey indicated that there were noe radistion
Tevels in excess of 100 mr/hr in any ares ©F the ER where

extenced stay time is possible. (.0
2. Survey meter readingt at the Coor Indicate safe entry
conditions Cless than | mr/hr), AR I o
. The ER /Com shou'ld be observed and its reading (net)
shoule be less than 200 CPM above background, .o
REFERENCE

Cperating Procegure | Conduct of Experiments, Tab a=3e
Feactor Operator Regual i¢ication Frogrem 110 p.3

ANEWER 1.0% (2.0) i

A= L el=lambds x t)

INCS00/7294) = lamboe »x 180 lambgs = JO0E23 min (1.5
tione=halé) & 0,693/ amboe = 111 minutes (0.8
REFERENCE

Lamarsh, J. R,, Introguction to Nuclear Engineering p. 22

ANSWER 1.0¢ (2.,0)

a. TRUE (0.9
b. FALSE (0.®>
¢t. TRUE (0.3
- Y.U' (0 .!;\
FEFERENCE

AFRR] Instruction €310.1F




L. BADICACTIVE MATEE]ALE WANDLING DISPOSAL @ND MAZARDS

ANSWERE =~ ARMED FORCES RADIOE'.Q., RES-86/07/21«ROEINSON, G,

ANSWER 1.07 (1.

NO 0.
The unit REM considers the difserent eféects. REM i3 »
biclogical unit, thuy didderent radiation Cavusing the same

gose in REM shou'y have the same eféect, (1.0

REFERENCE
10CFR 20
AFRR] Glossary p. 92

ANEWER 1.08 (1.

One hald thickrness s 2 centimeters of leac, (0.8
Neec three more halé=thichresses to reduce 200 mr/hr to
2T mr/hr,. Theredore need six (&) d0diticha) centimeters
of lead, (3.0)

REFERENCE
Fagiclogica) Health HMangbook p., 42¢

ANSUER 1.09 (2.0)
About the same (1.0
Geiger counters are not energy cependent (1.0
REFEREMCES

Funcamentals of Nuclear Reactor Engineering p. 142
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o SPECIFLIC QPERATING :ﬂﬁ:ﬁ‘ il 9 Bt
ANSWERE =~ ARMED FORCES RADIVLLIC, RES-BB/07/21-ROBINEON, G,

ANSWER J.01 (2.0
&, FRod will be inserted, (0.5
Water s & better reflector (scatterer) than air, 0.5
B:. INo eddect, 0.9
Varistion of conductivity within the allowable
Cperating limits will have no effect on reactivity, (.
€. Roo wil) be withorawn. (0.%
Eoron has & large absorption Crost section <hus
hegdtive reactivity will be sgoec. (e
REFERENCE

Fungamerntals of Nuclear Engiteering ¢, 40, ™3

=

ANSWER v.02 (&.0)

&, Thess holes prevent water $rom Being syphoned out of
the reactor poe) ang uncovering the core in the event

©F & primary coolant line leak or ruptute. (3.0
By An emergency fi1) line wil) be connected from an cutsige,
dCJRCEn: hogrant main 0 the primary coolant leop ., 3.0
REFERENCE
“R "' }-1“
ANSWER v.03 (2.9

8. The time constant of the temperature chanrne) g

Felatively long Ceeconds) when compared to the tulse
wigth (mi))igseconds)., (1.0

. In the event that ihe Puise rod remaing stuck in the
0l )y wither awn position, the—temperyture-TEnTe )

(0.7%)
T
N T N T 0t PULSEL oWt Y T . ¢
EROURR T FEAT I vty 0 - eXCOOE™ the Tempuratyres =
TN S aSet r 8 e e TR Q.78

REFERENCE
Tech $pec p. ¢, Section 2.2 “Basis®
N‘T‘ 8T a“,\ rg.u'.- A ”“ ®efervy "0‘4 O"j cv O“/ ""’"”’“[‘
reperrn Ewnt & s s a ,'o/:?.“ “fr *o,-l'oﬁﬂl Wil g by
belvw The roE 'z fove el Tei pewt  Pimtrnitg foew . g
o deitus b .s"‘..",/ ’," Yiaw Varme! ‘*"4' o,
éfprov}fn y



Lo SPECIFIC OPERATING CHMARACTERISTICS

ANSWERS == ARMED FORCES RADIOBIO. RES~8E707/721-ROEBINEON, G,

ANSUER J.04 (1.5

‘l "L" 40.5)

By 1o This value s an acceptable leve! of water=borne
contaminants in an aluminum / stainless stee) srstem,
Basec on experience, activation at this leve! Ooes

net pose & significant radiciogical hazard, (0.9
ihe This value (s consistent with the fue) vengor s
Experiente ang with similar resctors 0.3
REFERENCE

Tech Spec o, 12 argd p. 13, Section 2.2 "Basis”’

ANSWER J:0% (3.0
Frevicous rod positions, (0,8
AenOn SAVIOOWN Ve, Fredctivity curves (or ca'culate %), (0.&)
Worth of exper iment agoed (0.6
Feactivity gecrease cue to burnup (0.é)
Negative temperature coeddicient (0.e)
REFERENCE

Funcamertals of Nuclear Resctor Engineering p, 80, 86, $7

ANEWE R J.0¢ (2.0)
L N ‘aLs‘ (O.?‘
. e e (0.9
S Fa_L%E (0.%)
e, TRUE (0.9
FEFERENCE

Ceperations Manval p, §7, 98

ANSUER J.07 (1.5
L e ‘r'= UL "ouC‘
&, TP racgz (0,9
REFERENCE

Cperations Marmya) p. 74



PECIF PERAT ]! MaBAZTERIETICE

ANSWERE =~ ARMED FORCES RADIOEIO, RES-86/07/21-ROBINSON, G,

“ISWER J.08 (3.0
From regulating rod curve = inserting reg. roo
."' -“|‘!‘| (‘uc‘l
Fower oefect from AFRR] parametersy =
36T ot (0 4% . (1.0
R e  SVENORD $1.1%) x 007 = @ leld
s et r—— et fore s (1.0
Cwr th wovid ke abeovt Onﬂ‘)
REFERENCE
WFRR] Revderence Paciet
wFRE] Glossary, Power Loesdiciont of Reactivity
ANELIER J,.0% (}.8)
&: LeaC shield goors must e closed., (0.9
B. Core gol)y must e i Position 3. (¢.
€. Electrica) power contre) box te ER #] doo must
De unlocked and turneg orn, (0.2
FIFERENCE

Operations Manua) p. 104



ANSWERS =~ ARMED FORCES RADIOEIQ, RES-BE-07/21-ROBINSON, G

ANSWER K.01 (3.9

4. Ke=axcess = total transient rod worth = transient rod
worth at 250 units ¢ tota) reg ro@ worth = reg red

worth st 350 units,

03.66 = 80,7 81.82 ~ $0.30 = 4,48

. YES, Keexcess s within T.8. limits
T.8. 1imit is 85,00

REFERPENCE

Uperation Procedure VI, TAR O
Federernce Pachrer
Tech Spec 3.1.%
ANEWEFR K, 02 (2.0)

. To sssume that the clecding material wil) not be

SUBJected to stresses that could cause @ loss

IRteQrity in the dyue) containment,

B. Assure adeguate coolant 4)ow

REFERENCES
Yech Spec $.2.2¢ ‘Patlis* ., 27

#HEUER K. 0% (2.0)
o, TRUF
2. TRUE

€y FALSE (A)) rogs inserte)
g. TRUE

REFERENCE

Operating Procegure Vi1, Reactor Core Lodging ang Inlcaging

(1.9
(1.0
0.
0.5

1.0
(1

(0. %
(0.5
0.9
‘C‘-.!*'




ANSWERS == ARMED FORCES RADIOBIO, RCS-86707/21-ROEINSON, €

ANSWER K.04 (2.00

8. Near the center of the core (Bering) (.M
B. Replacing & fuel element nesr the sope of the core goes
REt 400 &8 much resctivity because more of the 4 .88 ion
nevtrons are lost oue to leakage, (1.

REFERENCE
Federence Facher
Funoamentals of Nuclear Reactor Engineering p. 74

mw!' 0..05 \20!‘\
&, Minimum shut@own margin is 80,50, (0.9
By Transient rog = $ully witherawn 0.
$a¢e rog = $ylly insertesg 0.8
Ernim rog = $ully inserteq (0.5
Regulating ree = 4ully inserted (0.8
REFERENCE
T.E" st'QC 30‘01‘0& “a .
ANESWER K.0é (3.9
&, %% elements 1.0
Froper calculation of Ceost (0.8
Froper plotting of points 0.8
B, Detecter B curve (0.7%)
Detector A curve I8 nonconservative Becavee the tangent
te the curve has & contingally ingreasing slope, .7
REFEFENCE

Fungamentals of Nuclear Feactor Engineesring p. 147-18¢
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..

im FUEL HWANDLING AaND CORE PARaMETERS

ANSWERS =-- ARMED FORCES RADIOBIC, RES-88/07/21-ROBINEON, 6.

ANSWER K.0? (2.0

T v reactor muet be subcritical by $0.%0 of reactivity with
the most reactive rod removed, £.8 Resctev 18 Shurdewn * (1.0
The conscle key switch is in the "cfé” position and the key
is removed from the conscle and is under the contre) of &
licensed cperator or is stored in & locked storage area. (1.0
b WO - Terh Spee debmiter o€ Swur1CowhN 18 suker trref ky ¢ o080
REFERENCE
Tech Specs .19 p, &

ANSUWER .08 (1,02
Co In the interior of the “uel =moderator gsecticon $3.02
REFERENCE

SaR p, 4 -~ 14

=INESLIER K.0% <1.%

& Stored in an &rray that wiid permit sutficient

natural convection cooling By air or water (0.?7%)
B. Storage shall be such that groups of stored fue!

elements will remain subcritica) under al) conditions

cf moderation, (0.78

REFEMENCE
Tech Specs $.3 p.
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e ADMINICTRETIVE PROCEOURES, CONDITIONS aND LIMITeTIONS
ANSWERS -~ ARMED FORCES RADIOB10, RES-86/07/21~ROBINSON,

ANSWER L.01 (8.00 '

Gcram the reactor,

Secure any exposure facilities,

Remove logbock, emargency guide, teletector too) kit
and keyvs.,

Report to EAS,

Do not 1ock reactor doors.

REFERENCE
Operating Procedure V1, Emergency Procedures
AFRR]1, Emergency Scenarios (No., 20

ANSWER L.02 (2.0

Since the reactor is NOT secured
SRC on ca))
RO or SRO in the main contro! room
Fediation Control Technician on call
Arcther person within the AFRR]! Complex

REFERENCE
T.:h S".C c-’ﬁlns:cz C‘l 30

ANSWER L.02 (3.0 !

&, T.8, vielation
Two Fuel Temperature Safety Charnels are required for
cperation,

B: No T.8, vielation
Above & Kilowatts and above &0 degrees C, would be &
T:8, vielstion.,

€ No T.8., vielation
Maximum step insertion 2llowed is 4,00,

REFERENCE
T.C?t E‘:'.c 37-2.1 | 9’ 3.3 "' 12. 3.1.2 < )
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ba ADMINISTRATIVE PROCEDURES, CONDITIONE, aND LIMITATIONS

ANSWERS -~ ARMED FORCES RADIOEBIO. RES-88/07/21-ROBINSON, 6.

ANSWER L.04 (2.0)
8. To assure that the required shutdown margin is
available, (1.0
. To provide an accurate means for determiring the
reactivity worths of exper iments in the core. 1.0
REFERENCES

Tech Spec 4.1 "BASIEY p.1®

ANSWER L.0T (2.0)

&, ANy material with & large neutron absarpticon cross section
which, whern it apsorps & neutron, i€ converted inte
mater ial with & low absorption cross section. (1.0
B. Any burnable poison vsed for the specific purpose
of compensating for fuel burnup or long=term reactivity
adjustments shall be an integral part of the manufactured
fuel elements, C1s03

REFERENCE
AFRR] Definitions
Tech Spec $.2.1¢ p. 26

&, Alarm of the air particulate monitor will cause closure
0f the positive sealing dampers and 0%
cause reactor room isclation. (0.
B To Jdetect streaming radiation (1.0
€y Air particulate monitor (0.8
Rl ©f the reactor room ARM s (0.5
REFERENCE

Tech Spec p.14
Operstions Manua! p. 111-134
SAR p. 3-2% to 2-24




ANSWERE == ARMED FORCES RADIOBIC. RES~8E/07/21-ROBINSON, G.

ANSWER L.07 (3.0

4. EALs are thesholds 4or establishing (entering) an
emergency class (1.0
B. Class (, everts less severe than the lowest category,
are evernts generally periphers) to reeéctor operations. (1.0)
Class |, notification of unusual svernts, consists of
& situation thet exiets or develope that presents &
potentially serioue hazard tc the reacteor ., (1.0

REFERENCE
Emergency FPlarn p.2%, 4% ang 48

ANZUWER L.OE Cy 0D

#, Reactor Operation Supervisor or Reactor Facility

Director (0.5
b, Reactor Facility Director (0.5
REFERENCE

Tech Spec £€.2.2 p., 34




