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REPORT DETAILS

Facility Employees Contacted:

J. P. Farrar, Operations Manager

Examiner:

*K, E. Brockman

*Chief Examiner

Examination Review Meeting

At the conclusion of the written examinations, the examiner provided
J. P. Farrar with a copy of the written examination and answer key for

review. The following comments were made by the facility reviewers.
a. SRO Exam
(1) Question H.08
Facility Comment: The solvency of gases in water is not relevant
to reactor operations. Recommend delete question.
NRC Resolution: Disagree. Gas content is a factor in the
corrosion process. The concept is valid exam material. Question
retained.
(2) Question H.l4(a)
Facility Comment: "Power Defect" is not presented as a topic of
study at the University of Virginia (UVA). Recommend delete
question.
NRC Resolution: Accepted. Since the terminology is not taught,
it is unfair to ask for this definition. Question deleted from
exam,
(3) Question J.08

Facility Comment: The new storage facility makes this caution no
longer valid. The procedure has yet to be updated. Recommend
delete question.

NRC Resolution: Accepted. Caution is now invalid as per examiner
inspection. Deleted from exam.
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4.

(4) Question K.06

Facility Comment: UVA does not have pressurized fuel rods.
Recommend delete question.

NRC Resolution: Not accepted. Concepts investigated are heat
transfer mechanisms and materials sciences. Question retained.

(5) Question K.08

Facility Comment: The term “"cold clean, excess" is not used at
UVA. Recommend delete question.

NRC Resolution: Not accepted. Clarification was provided during
the exam. Question retained.

(6) Question K.12
Facility Comment: The procedure addresses "refueling" activities,
vice "fuel handling" activities. Recommend answers be graded,
allowing for potential confusion.

NRC Resolution: Acknowledged. Answers will be evaluated with
attention to this possibility.

Exit Meeting

At the conclusion of the site visit, the examiner met with representatives
of the plant staff to discuss the results of the examination. There were no
generic weaknesses noted during the oral examination.

The cooperation given to the examiner was noted and appreciated.

The licensee did not identify as proprietary any of the material provided to
or reviewed by the examiner.
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REACTOR THEORY

QUESTION H.0! (1.00)
Using the UVAR core 23s the basis for vour discussions TXPLAIN why

-

the average thermal nz2utron flux is LOMWER for = WATEIR REFLECTED coare
than for a3 GRAFPHITE REFLECTED core of the same thermal power level,

QUESTION H,02 (1.00)
Whnich nne of the following describes the HOTTEST CHANNEL in the UVAR?

a8+, The channel where s control rod was juvst withdrawn leaving
3 large water gap.,

b, The channel next to the rod with the highest reactivity worth
with that rod INSERTED 60%Z to 70X%.

cs The channel 23djacent to a large water gap where 3 rod was
Just withdrawn,

d. The channel adjacent %o 3 rod that was just INSERTED,

QUESTION H.03

SKETC! the following two (2) curves on attached Diagram # 4692,
USE THE SAME SCALES FOR EACH CURVE,

g, XENOMN Concentration buildup on 3 startup from 3 clean core
to 100% vower,

by, "XENON Concentration variation after 3 scram from S0%X mower
for an extended seriod of tim2, (i.esr» 0% e2quilibrium Xenon)

(wxxxx CATECORY M CONTINUED ON NEXT FPAGE wxxxx)




4, REACTOR THECRY PAGE 3

QUESTTION H,04 (3.,00)

Using the asttached integral rod worth curve for a2 three-rod reactor,
answer the following!

a8, Assuming that criticality is achieved with Rods A and B 80%
withdrawn 2nd Rod C 45% withdrauny STATE the SHUTDOWN REACTIVITY
was present - AND - the FRE-STARTUF K-EFF, (1.0)

b If Rod C 15 moved to 55% withdrawny from the critical positions
in (3) abtoves STATE what the STARLE FERIOD meter indication would be. (1.,0)

e An A - B - C rod withdrawzl sequence is used,
Rods can only be WITHDRAWN T0O 920%,
Shutdown K-eff is 0.88 with counts of 15 cps.

CALCULATE the Rod Position necessary to attain counts stable
at 60 crs. * 410}

QUESTION H.05 (1.,00)

Which of the following is the correct definition of microscopic cross
section?

a8, The azctual target ares of the nucleus,
by The effective target area of the nucleus.

¢+ The total actual target area of all nuclei within the core.

de The tc¢ | effective taraget area of 2!l ruclei within the core.
QUESTION H.04 (1.00)
Which of the fecllowing can be defined ac "the number of neuwtrons causing

fission that were originally born delaved divided by the total number of
nevtrons causing fission®?

0 Lambde effective
bs Rho
te Seta effective

e Tauw

(xxxxx CATEGORY W CONTINUED ON NEXT FACE =xxxx)




QUESTTON H.07

In 3 subecritical reactory Kaeff is increzsed from .88 o .94%. Which of
the following is the a2mount of reactivity thst was added to the core?

3, .085 (8500 pcm)

b. (10000 pem)
C» (12500 pom)
d. (22000 pcm)

QUESTION H,08 (1,00)

One of the characteristics of water is that it will hold gases dissolved
in solution. Which of the following will INCREASE the concentration of
dissolved 3sses in 2 quantity of water?

2, INCREASING the pressure and LOWERING the temperature.
DECREASING the precsure and LOWERING the temperature,
INCREASING the prossure and RAISING the temperature
NECREASING the gressure and RAISING the temperature,

QUESTION H.09 (1,00)

The reactor is heing started up after shutdown for two weeks with the
startus source installed, The rod withdrawal is stopped at the -0.2 %
A/ position and power level stablizes, Which of the following state-
ments concerning how power level will respond in the next hour if no
cther asctions are taken is correct?

Reactor power will remzin essentially constant,
Reasctor power will slowly decrease due to being subcritical,

Resctor power will re2pidly decrecse to initial prestartup
level.

Reactor power will slowly increasse due to long-lived
delayed neutrons,

(xxexx CATECORY M CONTINUED ON NEXT FPAGE wxxwx)




e e e e

QUESTION ™, 10 (1,00)

The -1/3 DFM SUR following a8 reactor trip is cauvsed by which of the
following?

2. The decay constant of the longest-lived group of delaved
neutrons.,

bs The ability of U-23% to fiscion with source neutrons.

e+ The amount of negestive reactivity added on a trip beinig
greater than the Shutdown Margin,

ds The doppler 2ffect adding positive reactivity due to the
temperature decrease following a trip,

QUESTION M. 11 (1.00) s

With the reactor inttially at a8 keff of 0.99» a certain reactivity change
cavees the count rate to double, If this same amount of reactivity is
aqain added to the reactory which of the following will be the status of
the reactor?

a3+ Subcritical
b Criticel
e Supercritical

d+ Prompt Critical

DUESTION H,12 (1,50
Indicate whether the following statements are TRUE or FALSE,

2+ A positive 100 pom reasctivity addition and a3 negative 100 pem
addition produce the zame value of startup ratesi only the
signs are diffarent, (0.5

b, A delaved neutron has 2 hiaher orobzbility of causing fission
tharn does a3 prampt neutraon, (0.9)

. If 2 reactor is supercriticals the fraction of delayed neutrons
shifts to the shorter lived pr....%0rs and the value of the
average decay constant (lambda) o rreases. (0.,9)

(xxxxx CATEGORY MW CONTI WED ON NEXT FPAGE xxmxx)



QUESTION !

Indicate how (INCREASE, DECREASE, or RIMAIN THE SAME)Y an increas
moderator temperature will 2ffect the following parameters

a. FResonance Escape Frobability
be Thermal Utilizetion Factor
2e Fast Non-Leakage Frobability

d. Fast Fission Factor

\ co
QUESTINON H.14 (S5 a1

For the following definitions, aive the term that is defined.

2, The amount of resctivity thet 1 peeded Lo -ge-foom ot =ore
R A e e PELETE

The fractionz]l change in neuvtron population per generation,

The decay of nevtron into a3 proton with the simultaneous

3
e jection of an electron (znd antinevtrino) from the nucleus,

(xxxxx MDD NF CATEGNARY W TREXY )
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OUESTION 1 (1000

Which one of the followine statements describes the correct sction(s)
to e takeny if 2 fTilm badae is lost?

a, Until 2 new film badae is obtained, no entry into 2 radiation
area is allowed.

be A direct-reading dosimeter 15 used in liew of the lost film
badgey until a new film badge is obtained,

¢s  The individual dose 15 estimated by processing the film badges
of individuoals with similar work furnclionss then 2 new film
badge is i1ssued.

A

v A direct-reading dosimeter 16 1ssuved, but antry into high
radiation a2reas is not allowed until the next guarter to ensure
quarterly exposure limits are not euceeded. '

QUESTION T.02 (1.00)

Which one of the following =tarements regarding the release of pond water
into Megdow Creek is NOT CORFRECT?
3 The Fesctaor Supervicor must gpprove all pond water releaces,

%

be If the pond waler resches 3 level less than two feet lLelow
the top of the spilluwayr three samples must be taken,

¢, If Lthe pond water sctivity 1s groater than 3E-8 uwe/mly the
water must be diluted prior to relesse,

dy One waek prior to discharges thiez zamples must be drawn to
determine the pond water activity,

QUESTION I.03 (2,50)

Concerning Effluent Felesses!

a3, If 4 relesse from 38 waste hold«up tank is to be performed in con-
Junetion with pond watery LIST the four items of information which

should be present on the "JOINT RELEASE OF WASTE TANK AND FOND WATER
AUTHORIZATION® Form for releasse approval Lo he aiven. (2,0)

b, STATE who may percform the actuwal release. (0.%5)

(wexxx CATEGORY I CONTINUED ON NEXT FPAGE wxwxx)




I, RADICACTIVE MATERTALS HANDLING DISFOSAL AND HAZARDS “AGE
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QUESTION I.04 (2:00)
When a person becomes contaminated and the ares of contamination
on his body is larage or not eacsily decontaminated, then certain
personnel at the University are to be immediately contacted for
the purposze of recommending decontamination procedures., LIST the
Job Titles for the four (4) sersons who are Lo be immediatelty
notified,

RUESTION I.05 (2,00)

A segment of Amendment . to the UVAR SAR analyzes AR-41 exposure

problems at the facility., The following questions pertain to that
snalysis.,

a2, DESCRIEE the event which i1is postulated as the most severe NORMAL .

case of AR-41 release Lo the environment. (1.0}

be LIST the alarm setpoint(g) for the AR-41 monitors in the ductwork.(0.5)

. STATE the type of detector used for AR-41 this monitoring. (0,5
QUESTION TI.046 (1,00)
Which of the following is 2 10 CFR 20 exposure Limit?
a2, 9 rem/year - whole body,

be 1 rem/quarter - whole body.
g 18.,7% rem/quarter - hands,

dv 7 rem/quarter - skin of whole body.

(wxwew CATECORY 1T CONTINUED ON NEXT FPAGE wxawx)




QUESTION 1:07

What would bHe the activity of 2B agr: 1-287 (Al1-2% has a3 half-life
of 2,29 minutes).

2. 1,95 E24 dps
b: 1.86 dpe
€+ Drae dps
d. 3.10 dps

AUESTION TI.08 (1.00)

If a point source of Jomma radiation gives an exposure rate of 10 mR/hr
at 1 metery what would be the exposure rate a2 5 meters?
a, 2.0 mR/br 2
by 140 mR/hr
¢y 0.4 mR/hr

d: 0.2 sR/hpr

QUESTION TI.,09 (2,00)

Far the following radiation detector typesy indicate whether the output
intensity (current or pulse height) is proportional to the incident
radiation energy: 1.e.» 1f the incident erergy incressess will the out-
put intensity increase?® (Answer YES or MO to each part,) :

Taon Chamber (0.9)
GM (0.%9)
Froporticonal Counter (0.%5)
Seintillation (0.%)

(exwxx CATECORY T CONTINUED ON NEXT FAGE waxxx)




QUESTION I.10
Mztch the isotopecs in Column A with the principal type of radiation
exposure hazard in Column B.
COLUMN A COLUMN B

a. Ar-41 Alpha
Eeta

b, Tritium . Meutron
GCamma

N-16 Froton

QUESTION I.11 (1.00)

When frisking in the cstep-down area of the UVAR reactor roome at what
level are vyouw considered contaminated?

a, 10000 dpm (absaolute)

Do dem fabsolute)

dpm (abave background)

dem (above background)

QUESTION ' 1 (1.5%0)
Matceh the radiation detector in Column A to the detector type in Column E.
COLUMN A COLUMN B

Contrnl Room 1, lon Chamber
e

' \ % 2+ Froportional Counter

9600h~69990»9~ 3. GHM
" \ 4, Secintillation

W sv Yrew RV S
se s Ve A

SGhace  eapt et eie

WUESTION L1.13 (2+00)

Listes 1n order of severity (from lowest to highest)» the FOUR Emergency
Action Levels (EAL's) specified in the Emerqgency Fl.n Implementing

Frocedures.,

(ewenex CATEGORY 1 CONTINUED ON NLXT FAGE wemxx)
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FALT

AQUESTION J.01% ¢d,00)
Assume that the UVUAR is beinq operated at 2 MUy when a TOTAL OS5 QF
POMER (Electrical) to the Facility occurs, EXFLAIN the offect of this

*hlackout® on EACH of the following!

2. Shim Rod FPosition

bs Regulating Rod Fosition

¢+ Core Spray System

d:s Reactor Room Containment

e, Catceh Tank Level (Fool Makeup Svystem)
f. Fool Water Temperature

4. Constant Air Monitors

he Frimery Coolant’ System

QUESTION J.02 (1.00)

(0,9 each)

For the purpose of making required resctivity measurements, STATE how

an operator would determine that!
as The UVAR core 185 XENON FRUE
o ] The UVAR core 1s COLD

(wexxx CATECORY J CONTINUED ON NEXT PAGE »wmxx)
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Jo  SPECIFIC OPERATING CHARACTERISTICS PAGE 13

OQUESTION J+ 03 t3:00)
Reaarding UYVAR Primary and Secondary Chemistry!

a« LIST the applicable LIMITS (or ranges) for Conductivity
and/or pH for? (1.0)

(L) Primary Water
(2) Secondary Water

be LIST the two (2) reasons stated in the Technical Specifications
which necessitate Frimery Water control. (1.0)

¢+ TRUE or FALSE

The necessity to regenerate the primary water svstem
deminerslizer resin is indicated to Lhe CONSOLE OPER-

ATOR by an alarm, (0.5
ds STATE Lhe reason for adding Chromate compounds and
detergent chemicals to the secondary water system. (0.,%5)
QUESTION J,.04 (1.50)
IESCRINE how N='46 s farmed during reactor operstion and STATE what

provicsions are made Yo assure that the ~ffects cre minimized in the
HJUAR,

AUESTION J.00 (2.,00)

Indicate whether the Actual Critical Fosition (ACP) would be HMIGHER
THANs THE CAME ASy or LOWER THAN the Fstimated Critical Position (ECP)
for the following conditions, Consider each separately.

@, A Peam Tube is inadvertently filled after the ECP is calculasted, (0.,%5)
e The reactor is started up 10 houwrs after 5/D for 4 hours at 1.0

MW instead of 2 hours after shutdown, (0.%5)
2+ The ACP is taken at 100 W instead of 10 W with other paraneters

as celculated on ECP. (0.%5)
d. The primary pump is secured just prior to startup, Note! the

resctor has been shutdown 211 weekend, (0.9)

(xwenx CATEGORY J CONTINUED ON NEXT FAGE wxmux)




QUESTION J.06 1,000

STATE the two (2) flow reavirements which the UVAR Core Spray System
meets to satisfy its desian Lasis (Flow Rates and Timing).

QUESTION J.07 (2,00)

DESCRIBE how the maximum excess reactivity 1s achieved on the CAVALIER
without exceeding the Shutdouwn Marain required by the Technical Spec~
ifications., Consider 3 fuel loading procedure where the reciprocal
multiplication dats indicetes tha't the reactor will g0 critical with
the next addition of a normal fuel element - thus a partial element
hos been loaded first.

QUESTION J.08 LTS PELETE
L e e e A

*Immediately after monitorings.,
| be moved to the Fuel oom .. "

ement shall

@ed prior to the move and WHY nust this person

QUESTION J.09 ¢ +50)

STATE which annunciator comes in when the *temporary electric eve'
system annuncigtes while it 1s being wvsed as 2 Radiation Zone Entry
Alarm, *

QUESTION J.10 (1,50)

LIST three (3) symptoms (indications) which you could expect to
see as @ result of 3 Dropped Rod.,

i QUESTION J.11 (1.00)

| Fer the UVAR SOF, DESCRIEE what indications would constitute INCONSISTENT
READINGS of the Reactor Fower Monitors (for power operations).

(xwmux END OF CATEGORY J wawex)
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K¢ FUEL HANDLING A 'D CORE "ARAMETLRS “AGE

AUESTION k.01 (1,00)
Shim rods were last inspected on April 30y 1984, Which of the
following dates would be the latest date to inspect them again
without vielating a UVVAR surveillance requirement?

@+ December 135, 1984
s April 30, 1989

¢« May 30y 1985

ds  August 31, 19895

QUESTION K,02 (1.50)

LIST the three (3) criteria which must be met in order to keep a
Shim Rod in servicer after an inspection.,

QUESYION K,03 (2,00)
Assume the following date was obtained during 8 core loading!
Count Rate (CPS)

Number of Fuel Elements Rods In fods Out
0 20 20
4 29 27
4 29 32
e 39 40
10 43 53
12 o9 79

2. Using the attached araph papers FLOT 2 1/M curve for the above
datar and FREDICT when criticality will occur,
SHOW ALL CALCULATIONS

b, Analytically PREDICT when criticality will occur,

(ewmunx CATEGORY K CONTINUED UON NEXT PAGE wxxew)
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¥, FUEL HANDLING AND CORE FARAMETERS FAGE 16
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QUESTION K.04 (2,50)

MATCH the Fuel Element parameter listed in Column A with the tupe of
Fuel Element listed in Column B, (ANSWERS FROM COLUMN B MAY ZE USED
MORE THAN ONCE)

COLUMN A COLUMN B e
a+ 18 Fuel Flates 1) Standard Flat Flate
be 165 grams of U-279 2) Standard FPartial Element
c. 0.4 Metal to Water Ratio 3) Standard Control Rod Element
d:, &6 Fuel Plates 4) MIR Curved Flate
. 0,211" Water Cap between Flates %) MTR Rod Element
AUESTION K.0% (2,50

Concerning Refueling sectivities!?

a, STATE the bases for the precauvtion that no reactor core shall
be taken critical with Shim Rod positions below 1O inches and the

Regulating Rod fully withdraun, (1,0)
b, LIST the log entries which are required when unloading fuel, (1.9)
QUESTION M.06 (1.00)

Which of the following 1s NOT & reason for pressurizing the fuel rods
with helium?

1y Minimize clad creeping inwards toward fuel pellets,
b: Increase gep (pellet to clad) thermal conductivity,

e Allow detection of clad fa2ilure by helium analysis of the
coolant.,

dy Maintain lower fuel centerline temperature,

(enmnn CATEGORY W CONTINULD ON NEXT FAGE wexax)



FUEL HANDLING AND CORE PARAMETERS
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QUESTION K.O

Following 3 resctivity insertion of +50 pem to 2 suberitical resctors
the new count rate will take longest to reach equilibrivm 1f ¢

a4+ The new keff 1s 997 and source strength is 90 N/sac,
h: The new keff is ,9%9 and source strength is 50 N/sec,
ey The new keff 1s 997 and source strength is 100 N/sec,

d. The new keff 1s .998 and source strength is 100 N/sec.

AUESTION ¥.,08 (1.00)
The Shutdown Marain 18 correctly calculated by which of the following?
2, Totazl Rod Worth - Highest Rod Worth + Coldy Clean Evcess ’
b, Highest Rod Worth - Colds Clean Evcess + Total Rod Warth
. Colds Clean Excess - Highest Rod Worth - Total Rod Worth
d. Total Rod Worth - Highest Rod Worth - Coldy Clean Eucess

QUESTION K.09 (1.00)

The fol'owing are the boiling gzhases associated with nucleate boiling
and departure from nucleate beiling.

1) Transition Boiling

2) Bulk Boiling

A Film Boiling

4) Sub-cooled (Local) Boiling

Wihieh of “he fellowing is the order in which they would eccur in a
channel with normel flow and high heat flux?

¢ 20 4y 3y 1
b:. 2¢ 49 1» 3
&, & 29 3 }

3

d, 2y 1

(wwxnx CATECORY K CONTINUED ON NEXT FAGE sxxxx)




FUEL HANDLING anND CORE

QUESTION K,10

In the event of z2n Evacvation signal during fuel! movements STATE what
actions are to he taken by the fuel handling crew?

GUESTION K.11 (1.00)

LIST the TWO Technical Specification design limits for fuel storange
locations at ‘he UVAR.

OUESTION K.12 (1.30)

LIST the minimum radiation monitoring detectors that must be in
operation during fuel handlina evolutions on the UVAR» without
entering into an LCO.

QUESTION K.13 (1,000

EXPLAIN why the CAVALIER Log N Instrument wses 3 Compensated Ion Chamber
(CIC) while the Gammz Rayv "ower Range Instrument wses an Ion Chamber (IC).,

QUESTION {+14 (1,00)
LIST two (2) times when Control Rod CALIBRATION .5 required.

STATE what action(s) must be taken prior to removing THO (2) Control
Rods from the core.

(xxxxw END OF CATEGORY K wxwxx)
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QUESTYION L.01 €1,30)

LIST tha three (3) conditions which must be satis ‘iedy per the Taenprical
Specifications concerning the Alternate Reactivity Insertion Syctaw
(ARIS)Yy for the CAVALIER to be operated.

QUESTION L.O2 (2,00)

LIST four (4) of the forces which the Restraining Force on SECURED
EQUIFMENT must be able to withstand,

AUESTION L.03 (2,50

SKETCH the Thermal Fower vs,. Coolant Flow Rate operztional curve
(Gafety Limit Curve) for the FORCED CONVECTION MODE of the UVAR.
fe sure to annotate aves parametersy critical and end pointsy and
#gll other 2pplicable core parzmeter limitations.

QUESTTON L.O4 (1.,00)

Which one of the following conditions is NOT REOUIRED to allow
removing a8 Jjumper from the control conzole of tihe CAVALIECR?

2. MNo Safety Svystem is compromised.
b, Reactor Supervicor's approval.
¢, Feactaor Log FBook enbtry.

A4y Reactor shutdown.,

QUESTION L.OS (1.,00)
Answer TRUE or “ALSE to the following.

g+ The licensee (youw) shall notify the NRC within 1% days azfter the
accuvrrence of a disability., (0.95)
D, If a2 licensee (you) have not been actively performing the functions

of 2 senior operztor for a period of five monthsr you can NOT
resume licensed activities without NRC concurrence. (0.95)

(xewex CATEGORY L CONTINUED ON NEYT PAGE wxxux)
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QUESTION 'L.0a6 t1.%0)

Per tha UVAR TSy LIET the minimum
reactor at 1.0 MWy steady state co
individual must be at the facility

QUESTION L.O7 (1.00)

LIST the requirements which pust b
changes (Irclude in vour resnonse

QUESTION L.08 (1.,00)

The Fower Leve: LSSS for the CAVAL
average of the Mawximum Averzge Fow
basis for allowing this higher pow
mined?)

QUESTION L.09 (2.,00)

You 3re told ot escorv 3 visitor t
visitor is @ reporter on s local n
youw or your supervisor, DESTRIBE
actions, par UVAR S0OF 13,

required operating crew with the
nditions. STATE whether each
or may be on call.

e met to process "minaor® procedural
2 definition of "minor®).,

IER is 100 Wy much greater than the
er Limit of 200 W-hr/day, STATE the
ar {(i.2,y how was the limit deter- °

hirough the UVYAR resctor room., The
ewspapers but personally unknown to
your responsibilities and required

(xxxxx CATEGORY L CONTINUED ON NEXT FAGE xxxxx)



B e ML e

R IR

£ ADMINISTRATIVE PROCEDURES: CONDITIONS AND LIMIT.TIOMS Fagl s |
QUESTION L.L1O (1.,00)
Given:

"A Qualitative verification of acceptable performance by
observation of ... behavior, This verification should
include comparison with other independent indications or
nethods of mezsuring the same variabler where this capa-
bility exists,”

Which of the following does this statement most accurstely DEFINE.
a. Channel Calibration
bs Channel Check
& Functional Test
d. Functional Check

QUESTION L.11 (2,00)
With respect to the UVAR Natural Convection Safety Limit!
a, DEFINE *P* and STATE ils SPECIFICATION,. (1,0)
b, DEFINE *T * and STATE ite SPECIFICATION. (1.,0)
I
QUESTION L.12 (1,50)

Fer the CAVALIER S0F, when maintenance 1s performed whereby operation
of a2 system or component could result in personnel injury!

3, STATE what action must be taken on the controlling device(s) for

that svstem, (1.0)
be ETATE who can "undo® the above action(s). (0.9)
QUESTION L.13 (1.50)

Fer the UVAR TSy LIST the three (3) requirements which must be
met when an individoal 1s ON CALL.

(xxxxx END OF CATECORY L xxxxx)
(xxxxxxxxxexxx EMND OF EXAMINATION XXXXXEXEXKXENNK )
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Hy REACTOR THEQORY CAGE
ANSWERS -- UNIVERSITY OF YIRGINIA -846/05/713~-BROCHEMAMN, K
ANSWER H,01 (1.00)

Critical loading is less for graphite (2,31 kg vs. 2:97 kqg)

For same MW, if the za2mount of U-5 goes downs then the flux must
go wup Lo maintain the same fission rate

- DR -
More neutrons are reflected bact into the core becauwse water 135 a
better neuvtron z2bsorber. (1.0)

REFERENCE
UvA: UVAR SARs pp 246 - 273 DPCy» Section 3.3

ANSHER H.02 (1.00)
c

REFERENCE
UVA:  UVA SARs p 134

ANGWER 4,03 (2.50)

See Ati=zched Grao!

REFERENCE

JVA: DPCy pp 161 - 1643 NUSy Module 3» pp 10.2-2/3» 10,3-1/3



FEACTIOR THEQORY i R |
ANSWERS ~- UNIVERSITY OF VIRGINIA ~84/05/13-3IRNDCHEAN,
ANSWER 4,04 (3,000
& Bod K o~ 9 = A
Row B = “B¥ &% SRir
Rod C = J,90% Ak/k
12.45%% Ak/k = Shutdown Reactivity
(0.5)
A
FK-gff = )/ Kepfl w = 1040 > Ri= 1 = =, 12858 B K > &k &« 0O/ (0.%9)

bs Rod C Inserts = 0.4% Ak/k

T = (Beta-eff -~ vho)/lambda x rho (.007 - .004%)/.,08 x ,004%
= 6,729 szeconds “{5+0)

i - B2rel SE-RE3/L1-k2)

i

0o

50719 3 = :g%.)/(i - k2) => k2 = ,97 => 10,5% Mu/k (0.5)

Rod A w/d @ 90% = -5,15 Z ~k/k

Rod B w/d @ 90X = -4 Z Ak/k

Ffod C needs 1.35% Ak/k (10.9X - 9.15%) = 247% Withdrawn (0.%)
REFERENCE

Uua! NUSs Module 3 Unit 4

ANSKHER H.05 (1.00)
b

REFERENCE
CP&Ls Nuclear Reactor Theorys pe 52

ANSKER H.06 (1,00)
e

REFERENCE
NUSs Reactor Theory




B e L e A ae eSSt e e e b B L SR A .-‘—.._.1

REACTOR THEORY FARE. 28

. - -

ANSHERS ~- UNIDERSITY OF VIELCINIA ~B4L/05/ L3 -BEOCHMAN,
ANSHER H.07 (1.00)

b

REFERENCE

NUSs VYol 3» pp 6.1-3

ANSWER H.08 (1.00)
a

REFERENCE
General Physicsy HT & FFy Chapter 1 .

ANSWER H.,09 (1,00)
3

REFERENCE f
Bssic Resctor Theorys Suberitical Multiplication

ANSUWER H.10 (1.00)
3

REFERENCE

VEGPy Training Texts Vol. %y p. 21-47

Westinghouse Reactor Fhysicsy pe. I[-3,17 & 19

DPCy Fundamentzls of Noclear Resctor Enjioc =1 @a» p. 1064

001/000-45,49 (2.9/3.4)

ANSHER H.11 (1,00)
c

REFERENCE
HERs Reactor Theorys Session 42y pp, 3 8 4
DFCy Fundamentals of Nuclear Reazctor Enaineering

004/000-K5.08 <(2.46/3.2)

TR I R T B S R A S R R T R ST WP RSPy C APy OrE T L TR T SV S Y X, R T T Sar, e
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REACTOR THEORY
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ANSWERS -~ UNIVERSITY OF VIRGINIA =B4&/0G7 13 -BEROCKMAN »

ANGRER H.12 (1,950)

a. FALSE

bs, FALSE (Power Resctor):! TRUE (Research Reactor)

&+ FALEE

REFERENCE

WHestinghovwse Muclear Tr2ining Operations» pp. I-3.9 - 15

ANSKWER H.13 (2.00)
a. DECREASE

b+ INCREASE

c. DECREASGE

d., INCREASE

REFERENCE
Westinghouse Nuclear Tr2ining Operstionsy pp, I 2.21 - 34

§ o
ANDWER H.14 (LY
3. Fouwer Defect (=0,75 far power—cosfficient) PELENT

be Reactivity
c. Beta (minusg) Decay

REFERENCE

Hegtinghouwse Reasctor Physicss ppe I-5.26» I-3.2 and I-1.18

MERs Reactor Theorys Session 32y pe 3 2nd Session 21y p. 2 and
Sessicn 4y ps 2

(0.95)
(0.5)
(0.5)

L (0.5
(0,5)
(0.5)
(0,5)

(0.5)
(0.9



RADINACTIVE MATERIALS HANDL IS

B HAM

REFERENCE
UvAa: UYAR SOF 10-3

ANSUWER I.02
d

REFERENCE
UVA! UUVAR S0P, pp 10-9 & 10

ANSUER I.03 (2,50)

3, Specific activity from the Waste Hold-up Tank
Specific activity of the pond
Volumetric flow rate of the pond and tank

Calculated activity of the mixed relesse (0.5 each)
b: The Facility Staff or Envivonmental Health =2nd Sa2fety
Office Staff (0.9)
REFERENCE

UVA: UVAR SOF. pp 10~-10 - 12

ANSHER I.04 {2.00)
Re=zctor Health FPhvsicist
! Environmental Health and Safety Officer
‘ Faeility Director
Resctor Surervisor (0,9 each)
E REFERENCE
: UtAt  HUAR SOPs p 10-19

T T ———



T, RADIOCACTIVE MATERIALS “aMDLING DIGPOSAL AND HaZarLg FAGCE 27

- e . w8 e e B e S M e e e e e e e e e e S e S e e e e S e e e

ANGWERS - UNTUERSITY 0OF UIRGINTA ~246/05/13-BUNCKHAN, ¥,

ANSKER .05 (2.,00)

2, Flooding 3 Beam Port after 3 long period of operation (0.%5) due
to the larage volume of irradizted air released (0.5). (1.0)

be 800 cpm (700 cpm + 100 ceom background), (0.5)
ce (Thin wzlled) G -M Tuhe. (0.%)

REFERENCE
UvA: UYAR SARs Amendment 1. pp 54 - G54

ANSHER I.06 (1.00)
c

REFERENCE
10 CFR 20,101

000/060-K1.,02 (2.5/3.1)

ANSHER 1,07 €1.,00)
d

REFERENCE
NUSsNETy Volume 2

ANGWER .08 (1.,00)

&

-

REFERENCE
Rad Health Handbooks USDHEW, p, S¢

R R . R B B D B B R T PRy = W w SR S e ¥ SL PG S S ap .



v FANTOACTIVE AT TALS I A

NOWERE - INTUERS NIZ QLUEMAN»
ANGHER I.09 (2,00)

2 YES (0,3)
b NO (0,9)
Cs YES (0.%)
b YES (0,5)
REFERENCE

FNFs Health Fhysics and Radiztion Protect: _esson FPlanse pp. 41-44
William J. Frices Nuclear Radization Detecticons oo, 43 - 46y 77y 138,

and 196

VEGP: Training Texts Volume 9, pp, 23-39

072/00-¥5.01 (2,7/3,0) :
ANCHER I.10 (1,50}

> Y ’1 "005)
My g {0.3)

4 {(0,9)
oo ¥ F Ve

0D

¥ ]

REFERENCE

HUA: UUAR SOF 10-5

ANGHWER 1.12 {1.50)
3 i

b 3

gl ‘2./‘)

REFERENCE

NCEU, Ops Marnuals Table 7-1

UvA

CAF

(0.,5)
(0.3)
(0,9)
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ANSHERS == UNTVERESTITY £OF JIRGCINIA ~24,/05/13-BROCKMAN,. Vv,
ANSWER 1,13 (2,00)

(0,3 for EALy 0.2 fuor order)
1. Unwsual Evaent

2. Alert

2. Site Emergency

4, Generzl Emeracncy

REFERENCE

NCSU:» Emergency Frocedure 4,0y p. L

Uva: CAF

ANSWER I.14 {1,00) s

to be equzlly evpozed to 3 level equzl to the z2verage of the two dosi-
meters,

REFERENCE

UUA: UVAR SOF 10-4

RADIOACTIVE MATERIALS HANDLING TISPOISAL AND HAZARDS *AbE 29

(0.:35)
(0.9)
(0.5
(0,3)

The tour guide will wear two dosimeters, The entire group is considered




}. SPECIFIC OPERATING CHARALTERISTICS gE - 3
ANGWIERSG UNIVERSITY 0O UIRCINIA : ) } SHMAN
ANGUWER Js01 (4,00)

a, FULL IN (Loss of Magnet Current)

b, - AS I8 (Losees of Drive Moter Current)

c. Water Flow to Tanks STOPS

d, Ventilation Exhauwst Duct Door & Personnel Accews Door CLOSES

. NO EFFECT (Mechanical Float VUalve)

£, INCREASES (Decay Heat w/0 Flow)

g 8ST0OFS <(Cezses to Function)

he STOPS (Pump Stops -> No Flow nor Indication) (0.5 sach)

REFEFENCE
Uva UUAR SARy Variows Sections

ANGWER J.02 (1.00)
2, The resctor has nol LDeen operated st 2 power greater thanm 1 kW
(0,2%) during the previouws ?é6 hours (0.295) (0.5)
be Fool Temperature less than 20 degq F. (0.5)
REFERENCE
guat uuar S0P 5-243 UYAR TS5 Definitions
ANSWLF J03 (3,00)
i1} Conductivity 1 - 2 uwmho/cm -0R- Poolwater 9 vmho/cm
PH G = 2 ~0Re 5+ T8 (0,25 each)
(2) pH CNLY & ~ 7.4 (0.5)
b. Limit Corrosion of the Fuel Cladding
Limit Inverntory of radioactive nuelides (0.5 each)
¢ - TRUE (0.5)

d. Chromates - Corrosion Control
Detergent - Algae Control (0.25 each)



< |-""|_‘ N L4 "‘1'!' { \ Fo ¥ Tl
YMGWHERS " | ) £2 & -840 ! CHMAN

UUAR SOF 8-13 TS 3-11

ANGWER 3,006 (1.%0)

14 1 L& 1
0 R S t p (0,3)
8 0 7 1

Flow water directs returning primary water 3%t wall furthest from
the reactory thus minimizing N-16 gamma a3ctivity. (0.,5)

i
o

In forced convections newly formed N-14 iz drawn into the header

inztead of beiny allowed to rize Lo the pool surface, *10+«07

REFERENCE
UvAa! UVAR SAR» ¢ 45

TMGUWER J o G5 (2,00

3. THE SAME AS (0.,5)

b. HIGHER THAN (0.%)
= THE SAME AS £0.%)

4. THE SAME AS L

™y ‘“l"ri HC

NCSUs» PDBy Vols II» p, 1
ANGUER 1,04 (1.00)

1) 10 gpm (0.3%) for the first 30 minutas (0.39) (0.7)
2) 7+9 gpm (D.15) for the next &0 minuvies (0,195 (0,3)

REFERENCE
UUA!  UVAR T3S 3.1



!

ANGUWER J.07 (2.00)

The partial element will be replaced by an

experimental

Ffue! alament

with the maximum number of fuel nlptes removed Fuel platezs will he
' - ) . .8 o arik " a 3 2 b o ik s 3 . il »
added to the #lement, one at 3 times and rod positions znd zhuotdown
L fter the addition of sach fuel olate until the mavimum
8 AV chieved without exceeding t snutdouwn margin

REFERENCE

UVA? CAVALIER 50F S-1.s.t

ANSUHER 1,08 (3 St O
ey - - —— e oo T e e~ MRS SRS DE S S S NP .

-8 544 2 b briidddl e R Pt td iR i R b D Bt B B Bl e )

REFERENCE
42 CAVALIER SAR $5-4.4

LR R ) ’ ~ " y

eat Exchana 41 fi10an one Fnrt
REFERENCE

THIsA + AR Q0P 11-4

ISHER 1:10 (1.50)

et Enazai 1 4 auT

>4 t1ng Lite - N

"fu;'-ﬁ ctor Fou - DET CACE
RUEERENCE

LiVvA® HUAR SOP 11-8%
r.f\yl'nvr"‘, J ’.’ I‘_.':)(\‘

Power R e Chanr sy a0 LY low the OOWeET i
the Core Differeniial Temcerature

X

swel indicated by
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- K, TUCL UANDLING AND CORE PARANETERS

- - - - -

B U pNSHEOS - UMIVERSITY 0F UTRGINIA “R4/05/17 BROLEHAN,
. aNSHER  K,0! (1,007

o

g REFERENCE

_ UVA! UUAR SOP 7-1B (TS allows 15 morths)

. ANSHER  K.02 (1,50

$‘ 1) Mo crack grezter *han 1/4° in length,

. 2) No obvious doterioration.

3) Able to pase a 1" feeler gauge freely over the rod,

REFERENCE
VAt UVAR SOP 7-18

b
K 5

i

o AL T

(0,5 each)
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K, FUZL YANDLING AND CORE FARAMETERS FAGE . 35

ANSHERS -~ UNLUVERSITY OF YIRGINIA ~846/05/713-BROCKMAN, K.,
ANGHER K.03 (2,000
a3, Calculate 1/M after each loading for the Rods 0Out Data
Number of Elements cPs 1/M
0 20 1.00
a 27 0.80
4 32 0.469
8 40 0.50
10 93 0.38 :
12 79 0,295, (0.5
Flot 1/M vs, % of Fuel Elements? Extrapolate the araph to 1/M = 0.00%
You will get 14 Elements needed to g0 eritical, (1.0)

be Using the Rods Out Datzs choose 2ny two poinls znd construct
the mathematical analegy e predict criticality,

@.9.,¢+ If 0 Clements and 8 Elements were chosen!
N/8 = 1,00 / 0,50 ~> N = 16 for Criticality (0.9

REFERENCE
VAL UVAR COF §

ANSUER K.04 v 2.50)

a. 4

- TR

2 1.8 2

g: 2% 3

$ 17 2» R 3 (0.9 each)

B R R R R R R R R RN, P T R S AN TR ———. S A PO CUREe I U S T TR e Iaee Y




Ry FUCL MANDLING AND CORE FARAMETERS ' A L

L e e e e e e e e e G G S e D e S G S e e

ANSWERS -~ UMIVEPSITY OF YIRGINIA “R4/0%/L-ENOCYMAN ¥

2 REFERENCE
b UVAS UVAR SAR: pp 2/24/22 - 33

- ANSHER K.08 (2.50)
- 2, This ensures tLthat the rezctor will not 90 critical when pulling
shim rods two 2t 3 time during a reactor startup, (1.0)

b, Name of the Senior Operator in charge

b’
3l

Fuel elaement rumbers and storage locstions (0.3 eash)
3 REFETENCE ;
o3 VA UHUAR SOFs pp 59710, S-128
ANGUER HeDé (1.00)
¢
REFERENCE

All orerations and manipulations

Censeal Physicses HT & FFy pp. 239 and 240

ANRHER K.07 (1,00)
G

§ PEFERENCE
% EGEPy Training Text, Vol, 9» p, 21-17

ANGUWER K.08 (1,00)
|

REFERENCE
NC3Us Ons Manualy, p, 3-34
LYAt TS 3,1(1)

PETISL Ty O




K. FUECL HANDLING AND CORE PARAMLTLRS

ANGHERS ~= UNIUERSITY OF VIRGINIA ~Bé
ANSHER K+ C? (1:00)

d

REFERPENCE

NUSs Yol 4y pr 3.3-2

Turkey Pointy, Thermal-Hydraulic Pr neciples and Applicationsy pr.

ANSWER K.10 (1.50)

1. Fuel aszembly in tranzit stored in recorded location
2, Ffuel handling tool disconnected from fuel
2.

Evacuate Reazctor Ray
-~ CAF -

REFERENCE
NECUy» Speciazl Frocedure 3.2» . 1
HUAt CAF

ANSUHER Katl (1,00)
- Heff less than 0.9
2. Temperature less than 100 deqgrees C

REFERENCE
Uva: UVAR TSe 5.3

ANGUER K.12 (1,50

Bridae Radiation Monitor
Core Gamma Monitor
Reactor Room Continuvous Alr Monitor (CAMY

REFERENCE
UVA: UJAR TS 3.1y 3.2

18=17 = 20

(0.5)
(0,%)
_40,%)

(0.9
(0.3)

(0.5 each)




! FUEL HANDLTHTG D CORE 4 a
ANS 1 Y et IMTA ~RAH/0% /138 \
ANSUER Ks13 (1.,00)
The CIC is needed to compensate for background and
can distort indications 2t lower sower levels!
inzte for gammass since 2t higher nower levels the
sroportionzl to neutron powsry (Alzos the direct

2zt balances).

in liew of conducting rezcltor h

REFERENCE

Detector Theury

HUAT  UVAR SOF 7-3% CAVALIER SAR 4.3.4.4
ANGUER K.14 (1,00

1} ©Change in core configuration is made,
1200 HH-hr

RECFERENCE

since the lazst calibration.

LUUAS UVAR S0P 7-4
ANSUER Kil D (1.,00)
Remove a3t least four (4) Fuel Elements (0.5)

the core (0.5).

REFERENCE

UvVA: UVAR GOFP 5.4,2.D

the IC does

armmz sianal

from near the

decay gammas which

not discrim-
signal ise
15

TAMMm
used

(0.5 each)

center of



ANBNERS - UNTUERSITY OF DIRGINIA ~B5/0% /1 I-ERATKAAM »

ANSHER L.01 (1.50)

1) Solution volume grezter than 24 gallons
2) Eoron Concentration areater tharn 0,129 lbm/azl
3% ARIC injection valve unlocked

REFERENCE
uvAat CAVALIER TS5, 3.8

ANSWER L.02 2,000
1) Hydraulic
2) Frneumatic
2y Duoyant
4 0Otter forces rnormal to the operating envirarment
9) Forces that can arise from credible malfunc Lans

REFERENCE
UtAt  UVAR TSs Definitions

ANGYWER L:03 (3,99
Sse &ttackaed Curve on the Next Faage
REFCRENCE

BYA: UVAR TS 2.1.2» Figure 2.1

ANGHER g €1.00)
d

REFERENCE
yuat  CAVALIER SOF, p 1

(0,5 each)

(4 @ 0.5 each)
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DS L. ADMINTISTRATIVE FROCEDURES, CONOITIUNS AnD L IAL ATIONS PAGE 20

ANSUWERS ~- UNIVERSITY OF JIRGIMIA »BE/05 10 -RROCEMAN
ANSUHLR L.05 1. 50

a8, TRUE $0.%)
bs - TRUE (0.,3)
REFERENCE

10CFRS5.,41 and 10CFRS%5.31(e)

ANSUWER L.06 (1.,50)

1. DOSRO (or RO) (0.3) - At the Facility (0.2)
2. SFOD (0.3) - On Call (0. 2)
3. Anybody Else (0,3) - At the facility (0.2)

REFERENCE
UvAt YUAR TS 5.1

ANGL IR L.07 (1.00)

Minor means that the original intent of the procedure is not
changed (0,3)., The chanae can he approved by the Facility
Director (0.,3)y must be documented (0.2) and reviewed by the
Reactor BSafety Committee (0,2),

REFERENCE
WAL UWVAR and CAVALIEZR 76 6.3

ANCUDE L.08 (1.00)

This w2z determined by the g3mma radiztion level zbave the Moderator Tank
being minimal (< L aR/hr) and the neutron level bheing negligibley in
those 2reas acce:zsible Lo personnel. {(This was hszsed on calevlations

and messurements

REFERTUNCE
Dva: CAVALIER SAR, Section 3.2.3

e bl Al o sin A

R T SR

P g———



Ls | BIMINIGIRATIVE PRECEOULRTS» CONDITIOND AND LIMl? 4 gL o
ANSHERS == UNIUERSITY OF UTRCILALA ~BAH/0% /1 SO0y AR .
ANGUER L, D9 £t2,00)

People desiring antry inta the reactor room who are not authorized

to know the lock combination will reguire the assista2nce of someone
authorized to “Yrnow it. This auvthorized person 15 responsible for
gbtaining the identity of Lhe person desiring entryy determining that
tiiey have a need to enters ands 1f the i1dentity of the person desiring
entry 15 not krnowns searching any packages heing taken into the reactor
room and ensuring that hae/she i1s escorted while in the reactor room.

Packages carried by visitors which 2are larger than small hand carried
jtens will rnormally be left ocuvtside of the reactor room.

REFERENCE
yUAt  UVAR SOFP 13.3.2

ANGUER L.10 (1,00)
b

REFERENCE
uvatr UYVAR TS, Definitions

ANSWER L.11 (2,000
@, .Reactor Thermal Power (0 .5)% 750 kWt (0.95)
b. HRoeactor Coolant Irlet Temperature (0.5)% 111 degq F (0.5)

REFERENCE
Uva: UVAR TS 2.1

ANSUWER 1 e (1.,50)
a8, Controlling device(s) secured (0.,9) and Danger Tagged (0.5),

be Person familiar with the maintenance and the danger asscoliated
with it. (0.95)

REFERENCE
Uvat CAVALIER S0OPs Section 7.0.A

Y B U S L S S PV S S Py vy I ———————
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ANSWER thy Bz i1

1) Individual decs

U

igqnated and DSRO informed.
2) DSREO keet informed on the mercons locaticon and Phone Nugpher

3) Capzbility of getting to the facility in & reasonable amount

eac

8]

of time (7 30 minutes?, (o,

REFERENCE
UVA? UVAR TS, Definition:

$e



L > 19' Above Con(«/-, s)
T, S MI'F G 's)

3

e

L

\
=
Reactor Thermal Power, P, @

Q’L.;)

q_‘/ G 5) Region to the left of 400 GPM applies only
during loss of flow transient.

483 2 —gbu Tobo- T7d0
Reactor Coolant Flow Rate, W,(GPM
79

2.1 Safety limits with forced convection flow



100% +
a)
[Xeleq
(1.0)
1 l o d 1 1
0 10 20 30 40 50 60
Time
(Hrs)
125% +
b)
100% -
75%
7 (1.5)
[Xeleq
1 1 1 L 1 2 1 Koo .
0 10 20 30 40 50 60 70
Time
(Hrs)

Ref: DPC pp 161-164
NUS Module 3, pp 10.2-2/3, 10. 3-1/3



TEST CROSS SLFEREMCE
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