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REPORT DETAILS

Examiner

D. J. Damon

Exit Meeting

On May 5, 1988, the examiner met with R. D. Myser to discuss findings
made during the examination. Due to the limited number of candidates, no
findings of a general nature were made concerning candidate strengths and
weaknesses.

The examiner did note that not all preventive maintenance items had an
associated written procedure. Mr. Myser agreed to review the need for
written procedures for maintenance items that currantly do not have a
procedure.

Examination Review

The facility comments on the written exam and their associated NRC
resolutions are attached.

Facility Comments

Comment H.03:

I can work through the problem in one of three way none of which is particularly
easy to ascertain correct answer. They are listed below:

:

Similar to how you worked the problem.

Lz = 1K

C‘ 1‘K2

1=k = 1-K,
Cz
Cy

l‘Kz = (l’Kl) l

3

1K = 1 - 1K,
3 3

Kz = 2 + 1K,
3 3

The value 2 shows up but I'm not sure how Lo interpret this.

w






Due to the conflict in training materials, I would suggest credit for
either critical or supercritical. Also I don't think Section 5.14 of
Glasstone & Sesonske is the proper reference for this question.

Resolution H.07:

Comment partially accepted. Keeping the "units" as K is acceptable when K is
sufficiently close to 1 so that K is linear with reactivily. Generally,
reactivity is a log function with K.

Answer key modified to include critical as a correct answer if the assumption
is stated that K is close to 1.

Comment H.09:

Please refer to Appendix H of RS-06 on the calibration of the PNR-4. The
correct answer should include at least an awareness on the part of the
examinees that the source actually increases with time up to a point. I have
included a copy of the discussion about source increase for your information.

Resolution H,09:

Comment accepted. A discussion of the source counts increasing will be
accepted for credit.

Comment 1.01:

"Supplementary" surveys are done as deemed necessary by the SRO on duty. The
phrase "whichever is most frequent" is weighted too heavily in relation to the
other parts of the question. Perhaps make all parts worth (.33).

Resolution I.01:

Comment accepted. Point values redistributed.

Comment I.02:

The Eberline RO4A air ionization chamber will detect both (f) ¢2mma and
beta radiation.

Resolution 1.02:

Comment not accepted. No additicnal materials sent to support the facility
comment. The reference cited supports the original answer. Answer key
remains unchanged.

Comment K.03:
Reg Rod Shim-Safety Rod
Smooth Grooved
Hollow Solid

Ref. Fig. 4 0OSU Reactor Control Rod Poison Sections.



Resoultion K.03:

Comment accepted. Answer key expanded to include additional answers,

Comment K.O06:

Only answer 1 to this question is correct. Answer 2 is a correct statemeni
but does not strictly apply to the question. Perhaps delete part two.

Resoultion K.06:

Comment accepted. Part 2 of answer is deleted and point value adjusted
accordingly.

Comment L.0O1:

The correct answers for d. and e. are reversed. Correct answers are as
indicated below:

d. (80% full scale on any range; this is the same as 120%).
e. (150% full power; this is the same as 15KW).

Resolution L.01:

Comment accepted. Answer key modified as requested.

Comment L.05:

The correct answer should be that one person is required to be in the
control room any time magnet keys are unlocked and in the control room.
This one person can be an R.0. or an S.R.0. It must be a licensed
individual.

Resolution L.05:

Comment accepted. Answer key modified as requested.

Comment L.09:

The important part of this question is that the examinee realize that a
licensee from the University of Wisconsin is not valid at the OSURR.
Therefore, the individual from Wisconsin could not perform a startup by
himself. However, it has been the practice at the OSURR to

interpret 10 CFR 55.13(a)(1) rather broadly. As a part of the individual's
training as a "student" we would allow a visiting professor to startup the
reactor if we deemed it appropriate. It is standard practice to allow
legitimate directly supervised operation of the OSURR by as many "students" as
pessible. We define a student similarly to Webster's New Collegiate
Dictionary as:

1. Scholar, learner.



2. One who studies: an atientive and systematic observer.

I would recommend the following point distribution for this question.
(1.5) for recognition that the Professor could not operate by himself,
(1.0) for familiarity with 10 CFR 55.13.

Resolution L.09:

Comment not accepted. Per 10 CFR 55.13(a)(1), a "student" is defined as
follows: a person who is in training for a license on the reactor, or a
person who is enrolled in a course that includes manipulating the controls cf
the reactor as part of the course. No other definition of "student" is in
keeping with 10 CFR 55. Thus, the visiting professor is not considered a
student unless enrolled in a course to manipulate the reactor.

Credit will be given for a "yes" answer if the statement is made that the
professor is at 0SU as part of course work and performs a startup under
supervision as part of that course.

The answer key remains unchanged.






NRC RULES AND GUIDFLINES FOR LICENSE EXAMINATIONS

During the administration of this examination the following rules apply:

1.

2.

3.

10,

11.

12,

l3'

14,

13,

lbl

17,

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

Restroom trips a-e to be limited and only one candidate at a time may
leave. You must avoid all contacts with anyone outside the examination
room to avoid even the appearance or possibility of cheating.

Use black ink or dark pencil only to racilitate legible eproductions.

Print your name in the blank provided on the cover sheet of the
examination.,

Fill in the date on the cover sheet of the examination (1f¥ necessary).
Use only the paper provided fOor answers.

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

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

Number each answer as .o category and number, for example, !.4, 6.3.

Skip at least three lines between each answer.
Separate answer sheets from pad and place finished answer sheets face
down ©on ycuJdr desk or table.

Use abbreviations only if they are cormonly used in facility literature.

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

Show all calculations, methods, or assumptions used toc obtain an answer
to mathematical problems whether indicated in the question or not,

Partial credit may be given, Therefore, ANSWER ALL PARTS OF THE
QUESTION AND DD NOT LEAVE ANY ANSWER BLANK,

1f parts of the examination are not clear as to intent, ask questions of
the examiner only.

You must sign the statement on the cover sheet that indicates that the
work 18 your own and you have not received or been given assistance 1n
completing the examination., This must be done after the examination has
peen completed.



18,

When you complete your examination, you shall:

Assemble your examination as follows:
(1) Exam questions on top.

(2) Exam aides - figures, tables, etc.

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

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

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

Leave the examination area, as defined by the examiner. 1f after
leaving, you are found in this area while the examination is still
in progress, your license may be denied or revoked.
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P = py10SUR(t)

SUR = 26.06/7
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Page 3 of S
RATA_SHEEI

CENIBIEUGAL _BUNE_LAWS!
Nl

No

R/hr = bCE/d2

G = Diluticn_Rate
Volume

A= Ay .—At

CONYVERSIONS:

1 Qm/cm3 = 62.4 lbm/4t3 Density of water (20 C) = 62.4 1bm/4t3

1 gal = 8,345 1bm

4t3 7.48 gal Avogadro’'s Number = 6,023 x 1023

gal 3.78 liters Heat of Vapor (H20) = 970 Btu/lbm

454 grams Heat of Fusion (ICE) = 144 Btu/lbm

2.72 1 AMU = 1,66 x 10 &4 Qrams

= 3,14159 Mass of Neutron = |,008665 AMU
KW = 738 ft-1lbf/sec Mass of Proton = 1,007277 AMU
KW 3413 Btu/hr Mass of Electron = 0,000549 AMU
HP o950 ft-1lbf/sec One atmosphere = (4.7 psia = 29.92 in.
HP 746 KW *°F = 973 *C + 32
HP 2545 Btu/hr o > S5/9 (°F - 32)
i1 Btu = 778 ft-1bf¢ 'R °F + 4460

1 MEV = 1.54 x 10 '® Bty 'K = °C + 273

h = 4,13 x 10—2l M-sec

1 W= J3,.:2 x 1010 fissions/sec

Qc = 32.2 ltm—ft/lbf—secz c2 £31 MEV/AMU

l inch = 2.54 ¢cm C =3 x 108 m/sec

- “
¢ = 00,1714 x 10 . Btu/hr 4t2 3]




BYEBAGE _THEBUAL .CONRUCTIVIIY

Matecial

Cork

Fiber Insulating Board
Maple or Dak Wood
Building Brick
Window Glass
Concrete

1% Carbon Steel
142 Chrome Steel
Aluminum

Copper

Silver

Water (20 psia,
Steam (1000 psia,
Uranium Dioxide
Helium

Zircaloy

BISCELLANEQUS _INEQBMATIIQN:

E = mzs

2

KE 1/2 my

PE = mgh

)
Vo

+ at

200 degrees F)
550 degrees F)

RATA_SHEEI

-{KL

K
0.025

0.028
0.0%96
0.4
0.45
0.7%9
25.00
35.00
118,00
223.00
235,00
0.392
0.046
1.15
0.135
10.0
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Geometric bject

—_—

Vol ume

Triangle

L1171 1777777777717 7

Square
L

L1110 77277070777177

Rectangle

LA 71 771l rr 1l

Circle

101 T I/ r777/7

Rectangular Solid

2(LxW + LxH + WxH)

V= L x Wx H

Right Circular Cylinder

P4 2

A (2 mr)h + 2(nr™)

Vv

Sphere

A= 4 ﬂrz

v

Cube

L7l il irrrg/

A

-




RATA_SHEET
' MISCELLANEQUS . INEDBUATION. (cootiauedl:

Page S of S

10 CFR 20 Appendix B
Table 1 Table 11
'Gamma
Energy Col 1 Col 11 Col I Col 11
MEV per Air Water Alr Water
Material Half-Life |Disintegration uc/ml uc/ml uc/ml uc/ml
Ar-41 1.84 h 1.3 sub| 2x10°° | ~=--- StB Y. | mosnin
Co=60 5.27 y 2.9 s | 3x10”7 [1x10°° 1x10 9 |Sx10 >
1-131 8.04 d 0.36 s | 9x10 7 |ex10 > || 1x10 0| 3x10 "’
Kr -85 10.72 v 0.04 Sub]| 1210 3 | wwwee 310/ | cecea-
Ni-65 2.52 h 0.59 s | 9x10~’ [ax10"° 3x10 © |1x10 ¥
Pu-239 2.81x10° y 0.008 s | 2x10" 4| 1x10” 6x10 13| sx10 °
Sr-90 29 y — s | 1x10 7 |ix10 > || 3x10 17| 3x10 '
xe-135 | 9.09 h 0.25 sub| 4x10°° | ~=--- 130 | | ===e=-
Any single radionuclide with T > 2 hr i » _ o
which does not decay by alpha &F% 3x10"7 |9x10™> 1x10"1°]| 3x107¢
spontaneous fission
Neutron Energy (MEV) Neutrons per cmz Average flux to deliver
equivalent to 1 rem 100 mrem in 40 hours
thermal 970u102 670
0.02 400:106 280 (neutrons)
0.5 43x10, . 30 =mmgem----
10 24x10 17 cm” x sec
Linear Absorption Coefficients p (cm
Energy (MEV) Water Concrete lron Lead
0.9 0.0%0 Q. el 0.63 847
1.0 0.0467 0.15 0.44 0.77
1.3 0.057 .13 0.40 0.97
2.0 0.048 0.11 0.33 0.31
2.9 0.042 0.0%97 0.31 0.49
3.0 0.038 0.088 0.30 0.47
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DUESTION K. C1 (1,00

I
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S

.|

s 3

Brimtly explé.n the difierence between bk effective and K infinity,

DUESTION M, 02 {3, O
Vescribe what 3s meant by eath v the following terms: (75 wa0)
a. Frompt Neutrons
@e  Delayad Neutrons
s Pret Neutrons

d. Inermal Neutrons

CUESYION H,03 (1.5

14 the count rate in a subcritical reactor were to triple, calculate how
manh Lire margar to craticality would change. 5Show all celculat:ons used to
8L Hel AT answer .

QUEETICN  HO0% {1 3)

You are required to increzss power drom 1 watt to 10 KW in 1O minates on &
snaoth ramp,.  Calculete the reastor period regquired to accompligh thiss
Stow &ll work,

QUESTION W, 085 { .79

fAeslure that genples of four ditferent materiale were plaved in the reacter
for wrramiatian expecrimentis and thatl the samples were mixed up after taey
ware removed from thye reattor. Yau ne lonoaer dnew wiath sanple 1€ whish,
Explain how, using anly radia*tion survey i1nstrunenis availeble at OSURR,
Yy can identify the sanmples, Btate any assunpltions you sabe.

QUESTIDOR k. (1,50}
How miich reactivity khas been aduerd to a subcritical reactor if tne couat

rats has incressed rom 75 cps to 180 cpe and 14 the initial valua of ettt
Nﬂs . 9!.'.-

(hxaad CATEGORY W CONTINUEDL ON NEXY FALE $xksx)
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| s BRECTLE_ THEORY PAGE T

l.‘ .
QUESTION M. Q7 { SO

You are performing a reactor stertup ano add enough reactavity to doubie
the count rate, 14 the samne amount of react:vity were agein added 1o tne
gsubcritical reector, what condition would the reactor be inT Limat your
ansnar 10 SULCRITICAL, CRITICAL, OR SUPERCRITICAL.

DUESTIUE M, 08 Low 200

The -0 second pericd (~i/7 a9 GUR) tellowing & reactor trip is caussd by
Whyahy, of the 4 5) ) ow;

. JTne decay tonstant i the longest lived group of delayeu fnautron:s
precursors,

b. The ability of U~L38 to fi1g8101 with SOUrcE neutrens.

C. The aneunt of peeative reactivaity added on a trap being greater
than the Lhutdown Meraoin,

3 The anrcunt of negztive reactivity added of, & trip Bsing grroaser
1tha et o,

TS NRC IS O | ) o PR ) S

Agulime tnat the Fu-be nevtrorn sowrce used in the reactor wesg a8 L curaie
scturce whieh 14 wes manutactured IO yoarg ago. if that source were rap.aeu
by & new O curi€e gource, what would be the change in Counts Der Sefontictesr
on the startup chamnel” Snow all calculations and state all sssumptior s,
fizeume that today s count rate before replacement 16 1000 counte per

ghocnd,.

OUE:ST YO Fie 2 Ci (1.50)
Démcribé the nutiest redntaitne t.ct toke plage te R AT TR LRG TN T T ULAE of Sl S ST SOET o M
i
Flutonium=deryll rum (FMu~Be! socurce.

(NF ek CHTEBCRY R O CONTINUED OM NEXT PABGE 23ias)
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CGJESTION W1} (2. 000

For each o+ the 4ollowine toerme trom the four-factor fnraul.. Qive & woirg
definition: (1.0 2a)

&, tuxsgt fissron factor (epsilon)
b. reprocuction factor (ata)

& thermal utalization factor (+)

HERT TR 8 TR T (2 DxY
Lescribe how an unceompensated 1oniration chamber detecte i1ncident theormal

newtrons, 1ncluding ir your answer any nuclear reactionz thel tatu place 1n
the detector.

GURETION M, 1T 11 .50
fre irvesilated ganple, Just removes from the reactor, reads 21 mrenmsrr ooroan

Lheri it pata-ciara angtrunent, £ wurvav T ominuies (eier shows 1.0 orn
per hewr.  Caicuiate the Rair=1id4e of Lhe Jrragiated sanple.

LEo NN E END OF CATEGIORY H  kaxsa}
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AT,
B

T
QUEBTION T, 0 (. 000
bow long «oulyd & person have to spend 1 each of the following tielcs to :
1 recerve nle/her quarterty whole body dose? (77 ®a) I
fle 4O ar/hr gamma -
B. 100 mEAl/Lar  nEestre.
= oS00 ol e beta
de & f18)E containing 2l of the sbove
)
|
GUESTION  1.06& {3.50) 1
i fi= befine the following per 10 UFR 203
.
i 1. FoeDIETION axtda (1,02
! . AIUH HADIATION AYEA, (1.0) |

Ve A foel glenant 1 rencoved rom the pocl end thne radiation dose rate at
v seet 18 10 e/, AL whatl ditstanes trom the fuel elament wouls wiv
PRt ¢ "Badigtiaon G ea" gy

T —

|

1

i

QUESTION  1.07 (1.0 j

!

wWhach of the following ramiation esposures would inflict the grestest o ]
biclog:cel demace to mant 1 Rern of UAMMA, 1| Rem of ALFHA, or 1 Rem o

NZUTHRONT  Justity your answer, !

i

J
J
|
1
Tixg CETVSRNIRY. 1 CUOwITINUED O HEXT FPAGE *8¥24) »
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QUESTION 1.08 (1.50

For each of the following cocunente., state whether or not the docusent is
reguired Lo be posted per 10 UFR 17,11, Limit your answer to YES cr Wi,

&, the license for the facility
b. the operator’'s licenses

ts  Hhe operating proatveduras

e 1w LR 17

s - I CFE F0O

f. Sorm NRC-D (Hptice to saployevs)

GHESTICN - 1,09 (1%

What prevents leskcage end leasan) o radioactie pual
contrate of the peol well?

e I R R R R N R I R R R R R ===

(Fsegy END OF CATEGURY 1 S%ssx)
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Je. DPECIFIC_QFERATING CHaRALTIERISTICS PAGE

.

GLEETION  J, 01 1.%0)

Whal two interlockzs must be met before magnet powesr can be applied”

BUESTIAON  J.08 (1,00)

Wity 18 & bypass 1eature proviosd +1or the Low Source Level Scrar?

Trwes oF P al sel

Lite ¢cf the +us) elementy at OSUKK 18 determined by zorrosion
congideratinne and not by fusl bHurnup.

,.
v
"
v
4

—
bt
3
L]
-

"

o
-
.

~
-~

begscribe tre pakegp of the LDOCUNR <uel smaterial; tnejuding materials une:

L h R0t ¢ YL OMS § srpn gat sl anc BTy JoRMEnT,
. TS g o ) 0 R O G L7 { R
Lescrabs the aoriferernce hatwern @ "viow scream” and @ "fast scrar,
-
GULST ION  J.06& (& 1))

At low power, &diuvsting ‘te compensating voltage on a campensated :on
chamnber (LIC) will have a very noticeabls effect on the output of Lthe
geteciar, However, at pawer level approacthes 10 MW, the effiest 20 ih

autput of changing coempeneating vollbage 18 almasy neglicible. Expteaan
PN =Nt

(2403 ChaT OORY O CONTINULD UON NEXT FRAGE E52%2)
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¥
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I
QUESTION J.07 (4,00°
Refer to the attached figure., }
Match the letters on the {fi1gqure to the following components 1n t5e
sh:m-satety gontrol rod asseably: .
1. Hzaunet b Up switch '
<. Magner armature 7. Lown switch |
l ve Lonnecting ro9 . Bottom switch ,
. Foyrson sestyon 8., Draive motor |
! Le  Fuel siesent 10y Fositaion indicater transeatter i
E fine or course)
a
l BUCSTION  Jang (26 B0
, .
; ter Terhnical Sperafications, complete the following corncerning J
t spegiticationag ang charazteristicys of thoe DSURR: {18 ea) ]
1
[ b, Micaasue allowable power level 38 __ . I
; g« HMarmanum legal e cegs roactivity 16 o s
} o Hevizom goraw ipsertion fine shall not exceed - . !
4, Faaimua nasser ol fuel elements that may be joacder i1nto |
2y its conteol system ehail have a shutdown margin of |
&% loast __ . - ]
?
BUESTION J.0% (3. o)

Fer Technical Specitications section 5.4, there shall bhe % channgls of
nucl®a” Instrumantation rperating at all times. List theze charne:s and
the miraaan onerating ranjes per Technical Speciflcitions.

(R¥axr END OF CATLGURY O tArar




e JFUEL _BANDLING _AND CORe FAKAMETERD FAGL 10

.

PRE ]| (1.50)

. &« pool lwal develops which necessitates drarning the pool for repe::
e plain how proftection from fuzl slement radiation is provided.

PVeshor )L WO a control-rot +uel element ditfers $rom a stancard ftus)

e r .
Y B o i o !

Descrioe three ditferences between & shim-safety rod and the requlating

roec,. LG &a8)
UL 1301 t | )

! ’ . f i et wiiat p s re A

Fe ! Cre © . i ¢ ' & OFr =1 B (R 1
1 1 1 5 L [ + ) ity - t

f the Lentral Jrradiation Facility (CIF) céen only be lrctaten

in maitrix positrion (Seol)s
Wir b ;_' ’ t ]
VEE 10 2he interlock feature assocliaoted with the shin=satety r¢
v E t £ te eiceecin maximum reactivity ad tiin rates,

INREAN THTESORY ) CONT IR L L O NED 'eaal SRNAY )
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__EULL_HANDLING_AND. CORE.EARANETELS

QUESTION ¢, 07 (5e Q)

There are soveral lights provided on the control panel for each shim-salely

roc, For each of the following lights, descraibe what the light indice es
when 1llun.nsted, and what cnlor the light i1t
-
a. Javw
- P 2,
‘:n D-',“‘
(= 38 Lt tom
#s  hgaceE
BUESTIEN 'Ri98 () SWr)
Fer lschnical S$pecificetiong, detims an “"esperiment’,
GURETION 09 1. S
RNseEt e88h t the tollomarid onaFlien® TEUE oo AL regsrding Twihriuh
BlieiitCationes (W% ooy
& The nevtron oouste shaill be pasitioned vertically between the gria

b.

&ty

e

plate and the top of the fuel elements during startups.

A minamem of four channels of nutlrar 1nstrunentation shall be on
suale, providing meaningtu! information through all power ranges.

Buring &« craitical esperiment, subcritical aultiplication plote shail Lo
chtained fram at leasl four i1nstrumentation channels.

Tha nav.oum reactavity varth of any s:nogle 1ndependent euperiaent shali
ot prtped U8R In reasctivity.

The rpsctor shall ne pperated only when &ll lattice positisong At teirnad

to tha alive +uel buuncary are ctcupred hy erther a starmcdarg or
contrel duel element,

(AR : CATEGORY K COWNYTINIED OW NOXT FAGE RkEEx)




nas per Technical Specrificationss

re reownired to be present when handli

FTHINVAG a8 are reeu &g te be oressnt
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b ALHANISIRATIVE EROCCDURES, CONDITIONS AND. LINITALLONS FOGE 13
GUESTION L.01 (2, 50)

Fer Technical Specifications Table 1, tor the following conditions o
signels, provide the applicebls scram setpaint. Assume that none of the
sCrane &re bypassed. (8% ead

de Nevtron count rate

b  Reactor period slow scram
. Regctor perioc tast scram
4. HKesctor powser slow scram

€. Reastor powan fast scram

':-'Ljé 37 l{.\' W P ?5)

Arsune that you are the Sermor Uperator on Duly a&nd that the Laboratory
Drrector #ng fAesccizte Lirector are not available when a nuclear emergeniy
pccurs. fer Engrgenzy Frocedure LP-01, what © actions are you resfponsible
for pertorming?

BUEST IR L2 t2, Bl

FFer technice! Sprecafrcationny serrtamn Sy wWwWial arg the Jimite On pac) wat
derth, water (gaporaturs, pH, &g ootigdustivaty

:!L'E‘:‘T lL‘l-‘ L . ‘:’a {1, E".‘.‘

Wrno must approve new procedures before they may be entered 1nto the Mg
Frocedures Manual”

CUESTION L,.0E (1.50)

er Of-1, "Regctor *cwer (hangoa", htw mahy persons with whastl sano o
livengss mugt be present 1r the comtral roon any tims the macaet controd
fower key 18 wnloched?

(B¥NdN CATEWORY L CONTINUED OGN NEXT PAGE R955%)
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i L BOMINIS)RA11VE_PROCEDURES, CONLITIDNG AND_LIMITATIONS
PRy :

L}

PUESTION L.0& (1.%0)
fngwer the “-llowing questions per Or-7, "Fuel Element Inspectione”:

4. How often should AL fuel and control rod elenents be visually inspectc
for evicence ol patting and corrozion? -

B, 1o bhotwser cromplote 1nspections, how many fuel elements must Le
inepected et jeagt annuallyy

~

i GLESTION . | DT (Zaemd

The lechnical fperiticetions describe an “"exclasion area™ for QLUN,

Assume that you are the licensed senior reactor cperate” on duty at O e
A vamatanyg professor from the Unaversity of Wisconsin asks 1f he may
perform a startup., He currently holds a senicr operator license on the Lk
| Trige rescta ., ALl personnel requirements of the Technicel Specifications
l &re met, Lo vou let him perform the startup under your supervision’ uWUny
or why Aaot™

2., Defineg "pezlusion area', 112
te What is tho voundary o the exclusion arga for (OSUKRRT %21
SUEST IOM L. Of (e 2820

; Fer ‘e-hfiira! Srecrfavatiorns,; liset Jovr areds ‘nat rmuet be mani torec bLw

I A Ps Peaig sl ML 5

]

| QUESTION L.0% (22070

|

(4%%2% END OF CATEGUL 'Y L tRany)
(RRSS R RR AR END OF ERMMINATION 5340508883 688858)
:
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B BEGCIOE_THECRY il

3 ' ; :
f ANBWERS == 010 STATE UNIVEREITY ~Q8/05/07~DAMON, D.
5
:I:.
|
; AaNswl K H, Q1 (1,00}
L
1 i efvective takes into account the non—leakage factors that K infinmity
k igrores. (b infinity assum2s no leabage.) -
REFERENCE
Glasetone and SGesoncle, sec 4.4
LR Pey 02 (3. 0C)
&«  Fremgtl negntrones are bori: directly {1rom the fiseion process
L., deleyed nectrong ere born 4rom unstable fi1ssion dauvghters
t. taet noutrons have eneray levels on the order of 1 Mey (or greater)
G. thermal newvtrons have energy levels 1n equilibrium with their
environment (usually lesg than 1 ev)
RUFERENILE
Clanutone and Lesineotbe, sied v 1.02. o lnd to 2 169
ALGWL I s 05 O TP
M= 1/,(1~K) where M = count rate multaplier and K = fraction towaro
critical -
M= 3 soi = 2/3 (e 78
Margin to craticality ie cut by /3 or reactivity in the core is 1/3 o4
the original ..7%9)
Cred:t given for alternate answeres that are supported by arpiicable
fornulag,
| i F ERENUE
Qelinir student notes; page Se
)
il -




| Ha_BEARIOF_LLEORY

FABE 16

i '
el s ANGWERY =~ OMIUC STATE UNIVEREITY -B0/05/03-DAMON, D.
I
! ANGWER M Q& (1450
|
|
FFe Po erp (£/7) or 1 = t/(in F/Fa) («75)
-
Pe 10FEL weatts Fo=! watt t=aO0 geconos (, 25)
T 00 wec/ tdn 1005 = 600 /7 9,2 = &) spronds  (+/~ 1 sech  1,0)
FREFERENGE
dSURT student notesy peae 15
ANSHEIR . Y5 £ 2708
Tebe anitial rradinos of cach sample and record, Walt some period of taaes,
terve ancther set of readings. and record aiong with the time ditference
berwesn resadirngs. Itas would allow you to calculate a helflafe, and thus
1dentaify wiich samyie was which., (Alterpeste wordinos acceptable.
Alterrate explanations acrentsbla us lorng as they are supported by viable
ensuwnplhions, )
Wili eccept uvuse i the oamma spestroscopy ayestiem for credit.,
R ERE NG
SGlazsgtone ant! Seuorsid. BULs wes 3 2
ANGRER Ha 4 (1,50)
crEl Jfore (I=Kett2) / (1~Ketfl) =5 78/1850 ®  (L~katf2) -/ CE=0L.28)
therefore kKelfl=.975 Ca i
rho=(Kke{f-1)/Feft ==> rhol=-,082&4 - and rho2=-,0286
} anad delta rhas+,027
' U
delta rha = 1 (KeffZ/Eafti) = In L 970/7.950 = 3,03 by 2500
| REFERENGE
[ Glasmstore &nr Sesonube, Swc., 9 14
;
'
ANGBLR e 07 (o 00)
i Supereritical
Will accept crit.cal 1+ assumntion 18 stated that & is close to :.
’
i
b - _J




- Ha. BEGLTOK. THEQRY

ANBWERS == OHIO STATE UMIVEFSITY ~08/05/03~DAMON, D.

REFERENCE
Glesctone ang Sesonske, seoc 5.14

AHSWLE b, 0 (- «75)
<

REF ERENIE
Glasscone and Sesonsie, Yex. 2.126 teo 2,172, Lo2x So .34, .46 tn & a7

ANIIWE R .09 {1:50
Flutonaum has a half lite of 2,411 u 10GE4 years. Using ihe formtla
N = Mo eap (-, 693t/ /helfiife), after 10 years the production of alphas By
the plutcniwm would be

={(30yre ¥ JAFIE, 810 & 10E4 ye)

! o = , 9"-7‘91

|

: fimee fte Jrtixl wvelue, or the new Zourst teculd be arouuting

! 3,V a0 nimEs fmore theaa the old soiice Therarore =hie €haigs: 11
count rate is ot G 1% Thae 1% ébaur | count per - SHECInd. Wi Y i et

& wietenent that the thangas 1u not noliczabie as long as Lhe proger
calciijdtioneg are pPerToOrmacs )

Will eccept expleaanation of sourcs term increasing for first 30 vears
with & pluson:um sour ce. s

REFLRERCE
Glasstone and Sesonshke, Sec. 2.4

anNGAER s 100 (1. 50)
!
- ;.M'S '1
= S LR He (Q, 78) }
64 &2 = |
|
|
() 4 1-- a -
e + e oo £ * &b (0. 75)
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e BERLTON_THEJRY Fhack 10

ANSWERS =~ OHID STATE UNIVERSITY ~E8/05/03-DAMON, D.

KEFERENCE
Glasstone and Sesoneke, Sec. 2.71 to 2,72

ANBEER P (2, 00

. numoer of fest neutrons slowing down past figsion Lnreshold for U QUL

i e e e W B d S T e W e e e e e e S S A e S e e e e e o —

aumber of neutrons proguced by thermal neutron {issions

B wv=ragee numbear of neubrons prodJuced directly from tission

e e e S e a — S SR e e e e - W R e b -

numt - of reutrofs absorbea 1n fuel

e number of the~mal neutrons absorbed 1n fuel

e e e e e e - - — o ———— - -

total numper of therneal neutrons atsorbed

NEFERLNCE
Clogstone anud Sesonske, Sec., 4.1 to 4,14

FISWER bie 12 (s OO

Neutrons interact with the boron in the detector according to the
folliowing formula:

10 i 311 % 7 4
B4 n = ( BY = Li %+ He + electrons
i Q o - 2 (1002

The 1ons are accelersted 1n the 2lectric “ield of the detecteor, cavzirg
avcrtiongl 1onizaticons 1n the gas, Wwhen the iong resch the electrodes, &
pul se 18 agsnet ated, L 3a0)

RErErENLCE
Classloune and Sesonsiie, S, 2.4
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AR e m R i

|r i I - N
QNQNERS ~+ UHIO STATE UNIVERSITY

FNSHER s 13 (1.%0)
A = fo eip -, 693 t/halflaise)

haltlifa = (,693 0 7 (In A/A0)

nelfliie & G653 ¥ 30) /7 Un Z2371.22

REFERGENTE
Ro» 06, Appardices A ant L

=@/ 05/03-DAMON, D.

(.5

£5ardd

= 7,26 mirutas

(7% -3
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| 1, LARLUACLTAVE MATERIALE HANDLING DIJEQSAL_AND_HAZARDE
~68/05/07-DAMON, D.

.
|

| ANSWERS -~ OMIO STATE UNIVERSITY

ANSGINER 1.01 (1.00)

Weelly (,23) cr on the cay of reactoer operations (,33),
ireguent (. 34)

REFERENCE
F\&‘“‘;, sec V.flel

AHSY-ER  (FE R {0t
{ai: G=il by beta-ganma
(¢} B-M (g¢) beta-ganms
() air ionizavion ({¥ gemma
() weinkililation (hJ Jémma
(1) BFS3 proportionasl (1) neutrons

REFERE NCE
RS--06 mpdentiic ©

AN WU R 02w B}
DY o2 K1Y = D2 ok (RD) L.l
8§ R/hr o 1| sgft = D2 % 14 sqfl (0.4
D2 = 5 R/hr 013
stay time = total alliowed dose / anse rate L.
i $.25 R 7 .5 R/ [0.4)
= 2.5 hr Lo.1]

REFERENCE
10 CFIR 20,101

whichever is mosnt

LO. 3

FAGE 20

Yy

for lim il
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" Lo BADIUALTIVE MOTERIALS HONDLING DISEOSAL _AND _HAZAKDE FALE - 21
i o ANSWERS - OHIL STATE UNIVERSITY ~88/0%5703~DAMON, D.
|
" GNSIWEI .04 (5. 00D
a, mey receive 1,25 REM thie quarter sirce he has no quarterly expcosires
- ‘ . 5)
Hax. Dose = Dose Rare X Time
1.20 Bam = 0,003 Rons/nr X 8 hr/day %X No. of Days
No. o4 Daves G4, 1 days [0 SRR Y
v Provided that (1) He does not excerd T rem per quarter QLIS

(2) Hiz radiation history 1s known and recordsd or

the proper form (NRC Form 49 480
(%) Thne dose recelved when added to has radiation

history does not exceed H(N-168) rems where

N = the parson’s age at his last birthday Ry

REFERENCE
10, LER. 0, 10

ASLIGR 1.0 Ui G302

"

AR Lasil aRErAAN0 mREM = 5. 125 hAr (LFe=1)
b. 1250 mibM A {100pRAED X GF of 10) = 1,29 hr

4,17 hr

i

Ce ) 250 mREM/300 mREM
(s 250 mREM/ (400 mREM + 1000 mREM + 300 mKEM) = ,74 hr

REFERENCE
10 GFF 20, 191

B N Rt

I e o S g W W W R g
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Io. bORONCTIVE MATED kS HONLLING LIBTCIAL Nk _HOZARDY

s ANSWERS -~ OHIO B1ATE UNIVERSBITY

AN&U‘-’L‘.R 1 . 0'5 ( :' - !)0.‘

.1 Racration Area:

'BS/OE‘/O:’DAHDN; Do

Fny accescible area in which a major portion of the

body couvlo receive 1n one houwr a dose in excess of O midlirens, or

in any 5 conssacutaive dayre

A dose in exzcese of 100 millirems (1.0},

4.2 thgh Radiatsor Arest  Any slcessible ares 1n which a major pariion of
the bedy could receive in ane hour a dose 1in excess of 100 maullivrens
T R A
Be 1 -Disd2 = R DT (s S0
Radration Arce: 5 mren/nr UF 100 nrem/week (2.9 arem/hr)
DR = J0 (30025 = 200 0OR = 10 (100 /2.5
D2 = 14,14 41 = 20 $t (1.0
REFERENCE
1O Cri¢ 20, 2092
i 5t i 1.(1? ‘,j_ﬁ_ﬁ."ll}
il ] galaE. (oxl fream e NIt o bBictraical demage regacdless ©f Vne
Soree of rafdiation, (.75
RFERENCE
10 CFR 20
AMNSWER 1055 (1,90
b. no, all others ves e 2D e2a)
HEFERE NCE
19 LEFR 19 %14
FAlE R I.0% (1507
The pool js completely Jineo with an epony=-based paint; reindorced wiih

fiberglass,

REFERENCE

OsURK Hazard Sunmary Hoptrt, soc

I e

1.6.1

T e I S e R =




i e BELCIVIC OFERATING CHARALIERIZTICE FABE 2T |
R
E v ANSWERS =- OHID 8TATE UNIVERSITY ~BH/09/03-DAMON, D.
| ¢
:
\
ANSWL R J.01 (1.50) ?
ie Cantrol ano Instrument power must be supplied.
, Z. bhey =witch must be 1ngerted and turned on. oo 75 B3
J
} REFVERENCE |
' USURK Hazard Summary Report, sec 1.7.4 !
Ml R ¥ (100
Thig scran must bo bypassed during fuel changing operations, si...ec ihe
shim-sa ety rods sy be partialiy withdrawn when changing fusl positions.
REFCRENCH |
CEURR RHacard Summary Keport, st 1,747
GNSWEF i I b ¢ . S j
rue |
RET ERE NG |
O8UNEK Hzzsrd Sunmary Repori, s6¢ 1,51
. !
INEWER d. 04 (1,50 |
1
19,1 weaght-% (5) U-B]1 alloy (.5, 3% U235 snrichaent (.5) ‘
REFURENCL
DEURR Harard Bummary Beport, sec 1.3
|
t MNG WL R J. 04 (s 00) |
L |
RlOw BCrem - powEr is removed 4rom the Glow ucram toil, Gpening a contact |
1in the cagnet circuit, allewing the ceontrol rod to drop t(1.Q) !
|
tast scram ~ brasing is removed from & transietor in the magnet carcust,
acting ag an ejectromic awitchy allowing the coantrol rod to drop
{ b} |
| |
| ;
et T ; i o Sl




o BLREIFID,

ANSWERS | == UNIVERGITY -=83870%0

REFERENCLE

QLR gtugent potes

Al Jd D6 (4,10
At 1o wer, gamms current 18 relatively

oo
of
ol S {

the getector. TAus.,
the total current
pertion of the deteclor

in

rTect

changing
oy output

Qammi

1t high powsry gamta currert 318 ralat-vealy

w3k s 10 1 Changing th coapencating veltaege
portion &7 the diotector current, but singe

efftect 18 almast nat noticeable., (SO0

P .
; - "
i ‘ £
&

.
2 .
- ri Iy,

NCE
attachment O

REFERL
or-11

MiNE \df.i

i 10

REFERENRCE
ODSUNRK Harard Sunmsery
Taernical Upeciti

Report, sec 1.
rHELIONe R.3:8,; £.2

ety " A

AO3-DAMON, D,

mpensating
the detec
ent. (2.0)
Bsmedl  compared
agalr thanges
the percentage

large compered to
voltago
wor sinze

-

e

Qenly

18

Srl

nai

this

e

will have



A — | ——

do SECLIEIC OCERATING CHARACTERLBTICE

] ANBWER

. ANSWERS -- UHIU STATE UNIVERSITY

J. 09 (Z.00)
startup channel 2 cpe to 190
Log N-perind charnel 20 3% LOE=&N
Lineer level cnanne. #1 180 x 10EY64
Level satety chanrel #®#1 §50 i« 10E-3A
Level satety channel #2 1390 ‘% 10E+3%

‘ REFEIHCE
Technnics!

(i3 tor wach cnannel o Yo esch ranaos =
. !

Spezif{icatione section 5.4

e ST R e v s

FRGE

b
iy

~83/05/02-DAMON, L. |

v 10L-4% full power
150% full power
150% dulil power
150% Tull power

to
to
o
to

A4

150% full

total s

frower
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' . Ba_ EUEL. UANDLING eND_CURE PeDANEIERS

oy
¢ ANSWERS -~ OHIO STATE UNIVERSITY D.

-88/0%/703~DAMON,

ANSWER e Q1 (1,50)

The fuel would te moved into the storege pit and a lead cover

the pi1t, reducing the radiration levels. .
REFERENIE
UBURR Hazard Summary Report, ecc 1.6,

ANSKER Ka 02 (2, Q0
The central 4 fuel plates are removed (1,.0) and the plates sdiscent to tne
channel are pure aluminum, {(1.0)
REFERENCE
OSURR Heazard Summary Report, sec 1.3.2
ANSWE N e O3 (3 0Q)
Fnv o of the folibwinags (1,0 68
1. poison secticn of reodlativrg rod attached oirsctly Lo drive scret
La DG mMagnel or meaanelt engage llght on regulating roog
D 10-turn potentionetar 1n the drive train of the regulating rod
4. porgon sacttion of reguiating rod 1s an &luminum clad stainiesc
etoee] can 1nstead of borated steinless steed
H. fey rod 18 smooth, shim-safety 1s grooved.
6. Keg rod as hollow, shim-safety 1s solit. .
REFERENCE
USURK Hazneard Summar-y Report, ssc. 1.68.2
ANSWER Ke (4 (2.00)
All standacd tuvel elements shiall be unloaded (1.0) and gtored 1n the ‘ugl
elanent storags pit (1.0
REFERENCE
OM-7 section IV.E
R e ——— i e e i R e S s R e B e e B o B i e ey e e E R = I'ﬂ

FAGE 26

12 put owver




boe. JLUSL HIAND

.

ALSWE RS

—

L NG A

1

el S

UHIO ETATE UNIVERSITY

EXS

~88/05/703-DAMON,

FAG

D.

ANSIED K. 05 (RN 10 B

False

-

R FERENCE

OULIRT Hazard Suamary Report, secs 1:.9.¢
ANDRER b UG €1 .00

pustouttone are moechanically inte~locked 10 prevent withdrawing more
than one sHam-safery at a Lime % P &8
FEFERLCNCE

OSURHR hezard Sunmary Report, sccs 1.8
AN WED N oo £101)

it TOC" § Popumhose «1 tor sach color)

. in aretd JEF MR TUNSTLENY,. A B - =Bg

& 0 1IgaC AteE control | 18U BUCrEW @& UpEfers 2 8 Ltravet,

coi™m arngm
Cs Incicates  control i i lexd strew at lower Limit ©f traveld.
CRLOr = GIean

(418 indicates controeol recd at bottom of core. color Qreen

2. indicates control rod encaged to the magnet. color - ahilte .
FEFE NENTCE

D8l Hazard Summary Report, sec. 1.6.1
G iGHED . o e kB

ANy apparatueg, device; o natssla insvallcd in or near the goa Wra g
couwla gonc@ivably have a reactivity effect on the core (.70 and whict
yvecd 1€ L a core compenent or erperimental facility. (W 7F
HEFERENUE

Tachrmacal Srecriicals Gsla d

-

e ¢

-
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Ko bJEL_UANDLING_6ND_CORE_EARANETERS FAGE 28
. CANSWERS -~ OHIO STATE UNJVEREITY ~B3/05/03-DAMON, D.

1
N | <
1

ANGWE R He 0% (2. 90)

a. lrue

k. False »
., FGtalzne

d. False

e, Falisg

REFERENZE
Techrical Specificeations 4.4.1, 5.4, 10.1, 6.2.3, 7.4

ANGE By 242 (2. 00

a. O
b. 2

Cs ‘(0, :~}\U

RECFERENCE
Techrnical Specification &4
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ke, ADUINIEIROTIVE PROCEDURES, CONDITIONS AND_LIMITATIONG FAGE &

; T
s ANSWERS == UOHID STRTE UNIVERSITY ~BU/0E/02-DAMON, D.
ANSWER L0l (2.50)
a, < Ccps (: & &a)

s +5 sec

€. 11 sec

d. BOA fTull power (12074 scale)
e, 1504 #ull power (15 KWl

KREFLRENCE
Tech~rical Specifirations, Tabile 1

ANSWER L 02 (3.75)

a. fAccount tor all NRL and experimental personnel by phvsically examining
avery oftice and laboratory area in the Reactor Builiding.

b, Inform appropriete supervisoary personnel

c. GSuryav all porsornnel who have evaruated the NREL

d. Froteed with ciseretion, &nd with a survey jnstrument, toward ths M,
2 Tata charue of establisharnt o+ puclusion areas, personnel recovery,

REFERENCE
EF=01, step H.2

ANLWER Lo OF 2450

depth ~ 19 feet above the top of the active core

max tenperature — 145 deqgrees F

min tenperature -~ 40 deoree#s F

pH - less tharn o equal to H.0

conductivity - less than or equal to 2 unho/en Ly 5 )

REFERENCE
Technic&l Spectifications section
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bao-ORMINISTRATIVE FPROCEDURES. CONDITIING el _LIMITATIONS FAGE 30
-
" ANSWERS - [HID STATE UNIVERSITY ~BE8/05/03-DAMON, D.
ANSWER L 04 (1.50)
The Asscciate recter (.79 or Senior Reactor Operator (.795)
REFERGNLE
AP=0L; step B. 2
ﬂ‘éﬁ;!hﬁff l_ s () { 1 % S'll_t‘
i reactor sperator QF;
1 sonior reactor operator
Eyther answor {or 1.5
REFERENCE
0"2-1 . seC I\I; -
ONEWE L. 0& {ds DO
R Bvery three yearg . 7b)
(= tive slesgnts (., 7570
REF EFHEHNCE
Um=7, swc 11
ANSHET Ls OF (2,28
& that ereva surrounding the reactor, 1n which the reactor licenses has
the authority to determine all activities including exclusion or removel of
personns]l and preopesty 4rom the area. (1,30
b, the vence swrrounding the Research Uenter . o7 atd
REFLRENCE
10 CFR 100, .5 a
Technical specificatiorn 1.2
B i e b e L e L

e e e B e e e e i e e B i i e e e
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