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Aol cfF A SR PAIHAE o] &3
o FZREEL ZA8HE gamma scanning test2 2}
Ao AgE Hrtste By aigte 2@ e,
ol ZAvtAE WEdte WAMNYS HPAE =
AR A EE A EFE FF8Y Al 74
o W& Ao Wsts wzIn2H xHA H
g Yrlste wlolt. AA FRE e AF
2 71F°] He AHAS FAEZ ARsa A4
Ao ARz RaEE WAAFS HFHE7E o
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aAE A 2AANE Jdes nudd FE

g A FASE AR} AY A dAA
< #A¥ F stk £§ o] AFE] AF Wy
© 2 "= Los Alamos National Laboratoryol+ 7§
3t Monte Carlo Neutron and Photon Transport
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2 gt 9714 Bx)E %3 A A (buildup factor) 2
A A XellMel FX4 o(0 9 HAFRE ¢°(x)
o vl2 A o=l Hufde) Al 7z, Hdofyg
A Eo, ux® &% B(Z, Eo, woE EAEG. 23
§1=} 484 2l(transport equation) 2] Moment 32’
Y Monte Carlo 3}, 2% 8% (discrete ordinate me-
thod)® Fol 218 QY Aoz Ao & Yo
o AwrAEQ] Aol gAY gty
of thdt uxo] Mo} ZAIAZ AP B
o] o] &1 Yt

2.2. Monte Carlo Method

AR we BN sbg del Ae
Boltzmann F#44H4e £9U%e] y@ dutaq
gdoz gen 2o,

Lo
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Q- Vo, E, Q)+ulr, E)olr, E, Q)
= !:dE’ L4, E-E, 0-Me(r, B, Q)
+S(l‘, E, n) .................................... (8)
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T doE g FHole oxbYAte) Foli, S(r, E,
Ve AP e dgaA o 3t YAHEH @94
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#1¢] Boltzmann #4349 g 37 93t
9 AF&H<= Monte Carlo & ol® v FkA
Azte] EF& WAH QAN e W (ran-
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a1 FEe it WA A4 Ropol g
2 ol g5 e WPeldh o2 WAL HYF
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o} 499 AAA duAE 7HA e AR
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£ 259 1Y FuUE s 2o BF At
2] ARE BASe BANE #FE TIE Aouh
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=% 71888 FzoMe ojd(es-
cape), NdA @A (energy cut off), russian rou-

lette, = A7t £4< Z$ole age cut off 5

routines) &

option®2 x7} 2FETh MCNP ZE: =AU

SOl 4R FAH 9F BARPOR YrolR

o dARARR N BEW ARE YARAH
e AN ASUE, 4FE, YAAUE 59 gol
SAH o) o8 Agdo

3.4 #H

3.1, BARMpel M

A A9 A FS FAREY AMEEE Zek
At glol e AertA e HFol ALY g% 2
& 2Pg 13 ¥ FIHHANA BE ALEHE
Ir-192, Cs-137, Co-60% AH&-teh, RAA, vl g &
AY 9 peakE 7] 43, HFHA Fu AP @
AbslE Aol ZEEAof vl o] lerz 9y
A7} woto 31, EA, energy peakd F7F WF
gow 239 vzt AH$EE energy peakd
7t Holop 3 MR, w7l wmeta] wAbE o
FAIIEE ALEF F4E YA ol FAE ARE
W77 83 ZHojok 3,

B YA A E  As Ao GARIEA
3 A8EPE NCRP report No. 49914 <183l Ta-
ble 1o Vehygich

Table 1] 9318 Cs-1372 Wz7ie 43 @4
enegy peak®] A%t energy’t B, Ir-192& 8H4 717t

o] BA, X7

Hlw A oy energy peak’t Hol A sH,
Co-60°] ¥t7H71} energy EHA 2 Ao 714
Aga Aoz Jebgtot

Edge 2ol AN AHAe] FA, 24 A
A 5o we ttang? 43 4 2 i
AN g AAstodol gt WAte o] AL wole
A AN E FoaA e wAlddgo] weksie &
BHA ¥, UR AW YA #uFo) wysg
27 glenz 337 oy, wEtA A
AW S Tedte HAF PAeS Ze A Y
& Hdddtdorgt itk 99t g 2AE 13
£ dFME Co-60, 7.11X10BgE AH&-3tTh

3.2. 7|EX|2| #HY

£ d7NA AMEE SAAA e HE71 Nal 37
X3 %7 % 7| (scintillation detector, Model 802-4,
CANBERRA)o|™ o] HZ7]o] AAIE Zhul wbAbA
& BAZNBIA S0P FZ7)0) YL =
B FEZ7)A FEFE £¥e oA yxgs
£33t AFste DY} E A7) (single channel
analyzer : SCA, Model 2030, CANBERRA) 2 {18 5
ol A&H8 2 ArAe AFgAS 7184 &
YHEE Fig. 134 Zo] AZAXNE FAstA

Fridd AEAE d5desd 2daa+ g+
g L0 22 AHAAE YAt AU 71ER

Ratemeter [  Recorde:
I
—_— Preamlifier [+  Amplifier [ SCA
p—"
» PM wbe T
— Nuclear
== HV Counter
Scintillator

Fig. 1. Counting system using a scintillation detec-
tor.

Table 1. Gamma-ray source.

. . Gamma Energy Specific Gamma-Ray Constant
Radionuclide Half Life .
(MeV) (Rem? per mCi h)
Cs—137 27y 0.66 32
Ir—192 74 d 0.13 to 1.06 50
Co—60 524 y 117, 1.33 12.8
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ZA37] gisted MA ZiEg 28 AFE UE
71E AdAE AR AAANE FFA
Wil W& AFE &3 A3 dg FA
¥z A#ER Fig 29 2ol AAZHL 2EAAE
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7b A s Ah B3RSV O FRA AddE
et g FAAI7] 4] 4om A9 4
28 doz aH3yc
Table 19 oA E ¥E8= Co-60 FAHIA L
AsAlof g ez At R AHEFo
WA 22374 €ch? MCNPY AAZARE uwmst
7] $&ted oFEHF 224 7] (multi channel analyzer :
MCA, Model 35 PLUS, CANBERRA)E AHEHE
A3t Co-60 BAMA tidt dFHAE7 &
&< 2R3, 2H L BEHA 87 98o Fig 1
9 AFAAFT GAdHFRLEA719  window low
levelg A3t Add AFAE ZZL A
7b 748 & 133MeVHHE ERIEE A
£ E3% Zupde AdAES v
JE22 TS AY £ vder v
WAL TS ZA 87 A% Aeoltt, AuAFe] g
FAE AA J1EXE FAHLRZ 1mm¥ FHEA

gFAd e AFANE AUk

oft M

Snainless steal

Lead Block
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Lead
150-170)

" Soiires mm
-
Source Lead Block

Fig. 2. Equipment for measurement of reference
values.
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0

3. HEY Ximxel £ AR
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cm, 3%°] 100cm®]™ o] & FHF = Fig 33
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23l 4% 2% BUE FHOE 5ecmX5ecme &
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Azt o) 2AMEE WHE Fig 49 2& collimators
Atk T collimator®] F4lo] Qo] & 9
A+ AEE guide2A A 128cm, T4 2mm
ol FHE HAEAY. 2HNY AEE A= 5
em¥ AL F UAEF 1 1 B HFHE 5emX
S5emE T-H¥T. AFHEVE W A9 Py
A FAREE DAL, 2E79 Ve AZF
AE T3t A7 AFEANN FA)o] =y
B 71EAd A& J|2dn gdgdEArls e

f— 5 5 .
lzzZm
% 1 //g b Stainless steel
2977 || 77777
Co.im //// Scintillation

////
.

- 4612 —]

Counting

Fig. 3. Gamma scanning system of the cylindrical

—> Brass

Stainless [~ Lead

T steel
50
4

Co-60

|
f 100 !

Fig. 4. Collimator of source.
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Table 2. Reference values for lead thickness of ref-

erence shielding.

Thickness of Counts
Lead (mm) Total Counts Counts/mm
151 8560 470
152 8090 460
153 ° 7630 450
154 7180 440
155 6740 430
156 6310 420
157 5890 410
158 5480 400
159 5080 390
160 4690 380
161 4310 370
162 3940 360
163 3580 350
164 3230 340
165 2890 330
166 2560 - 320
167 2240 310
168 1930 300
169 1630 290
170 1340 280
2 A 9] Ao} & 2Pog AAdn U5

27
ANAE ABAN A 2 YW= 2R P,

4 HAZ

1o

7ZlggtA ez EHd FREB o&stn e
MCNP9] Alstdls o #2889 3319 2d & AHe
T F den A7 AS§ 715eE mde Fig 3
7 2 Y45¥olch wets Y5 g Boltzmann
o] #FEAAL LT Po| FHHY,

o(r, E, Q)drdEdQ= f R f "dE’-

o 0
f AW, B, ) wly=y, ESE, Q-0)drdEdQ
4.

+S(y, E Q)drdEdQ

>, E-E 0—Q)+5(, E, Q)

olBA, MEH

A7 e 9% WFAA, v 95F A
FA, Ee A8E AvAE veErdoh p 9 S
doje FEF 1 ST AHEEE UL g 2
o]

5 E Q)= f o0y stdE' L _da(r, B, QR
o
............... (10)

f

A9 HE T37] A MCNP A4S AHFH
BEEE Fig 5% #or £ AddAe #Andy

Start
No Yes
Source END Stop
Pah Yes
No
Geometry Escape Score
Collision —na

Fig. 5. Simplified flow diagram for a Monte Carlo
calculation.

o 4 @k (importance) *'W & AMgslA o AT A
ool HellA ke oghe dA7t 442 7Y
Aot 22 Ao2A YEFNE B cell2 AL
Re ozt A dAge 44 w3 3 dabd
o8] AA=E 7 greldh WAL vIHe 7S
4 ¥zl roussian rouletted ©l&FHFoH o
7IME AEtEtE 72 AAE A2 FESY o] 4
Bl A4E RS 4 molA 4 nezZ do
Z o V=In/Ime A4ste ZAozH, V=19 ¢
b o] Al&H R, v(1°]¥ dAtel roussian rou-
letteo] H&HD, V1A YA7t V=In/Im EHL
2 splittingdh A olth. Co-609 X ~2HEHE
AxzlEgdon HAHsggen Hdde HE £¥X=
7heze SEEENo| FEHYoH oA BE
W s GaAAENE ANSI AARP S} o] &
Hew LRIz 5000702 A AT

Fig. 3014 E& nlg} Zo) 945d A9 4

2.
=
[o]
=
L
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Table 3. Material compositions of cylindrical shielding.

. Density Atomic Nominal Density
Material Element
(g/cm®) Number (g/cm®)
Source 89 Co 27 89
lead 11.35 Pb 82 113
C 6 64X107°
Si 14 0.08
Stainless 80 Mn 25 0.16
Steel Ni 28 112
Mo 42 240
Fe 26 4.95
Cu 29 517
Zn 30 3.12
Brass 847 Pb 82 0.08
Sn 50 0.08
Al 13 0013
C 1.293X1077
_ 1.293X . N 1.013X107*
Void(Air) _ .
1073 0 2.771X10 ¢
Ar 18 1.202X 1075
o2 R 2ddL o, 2WHE $ME A
Aol F4%0) k. ZoHLFLE Table 19} £7) o , I 205

AIAE ZtE Co-60% Moz AAAEE 7.
11X10°Bgolt}. o] A€ 2@ 27} o]F o2 7
€9 E3¥d X3 PEe H9L collimator
o] Uiy A AXFch 4FF AHANY F4H 4
AE 334 AR FHE(x, y, 29 930, 0, 022
7t A o™ Co60, HIAAL, &, F4, 359
TAYLE BEIUEE Table 337 21}

5 o } o

AE R e AEFAE FAHE7] 9% BHFHe
Table 2914 Fig. 63 #o] dojxem Fig 6o ¢
3 7|9 A 166mm%F de FA7F lmm W3}
sl Alexe) W3E 38 ¢ dde AE &
T den AgAzt G5 wag NFgreHos
ZAste Zog Hol olEx UANFL HAgFD
At werA o] R& HrENEX2A Table 29 %

Counts (x10° )

A L I B

O: Reference values
O: MCNF Calculation

Dose rate x10" mR/hr)

1.85

150 155

Fig. 6. Attenuation
dose rate.
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SEEERE R

& ¥ + ATE AL vEh) FE Aol

£ d79A gamma scanning testo] ¥ AE ol

453 A ZAHEARE HUVEXE Hrg
$E5AZ 422 Yehd FAE€ 154mmPed, o[ R
< AA7E GFA 166mmst vlmste] BE e
Z2F5A71 2mmYE Jeplle 3ol ol47 B
FHoz 1T A5 45 FAAY FFAE
AANE E5A 166mme 7% M2 A
o] WA ko] HAMY A4 ZHA :HY
AAZAE U= $A9 JAEAY 5 IV
= g3l ez eyt

ABHE7Y BgS BANY) Y5t EFAY
£ ol&3d tdFgnENrlz FHFT ZI Co-60
1.33MeVell & H&71e] 282 1.09%%Act o &
£ 94%5% ANAE ST AFNE HFEE

Table 4. Lead thickness vs dose rates resulting
from MCNP calculation of cylindrical
shielding using workstation(Model 715/50,

HP).

Thickness of Lead (mm) Dose rate(mR/h)
151 2.011X107!
152 1.998X 107!
153 1.987X107!
154 1.976X107!
155 1965X107!
156 1.953X107!
157 1.942X107}
158 1.931X107!
159 1.920X107!
160 1.909X107!
61 1.898X 107
162 1.887 X107}
163 1.876X107!
164 1.865X107!
165 1.854X107}
166 1.844X107?
167 1.833X107!
168 1.823X107!
169 1.812X107!
170 1.802X107!

ol FA, 734

garsled o] gL

AE37] 3 MCNP At AdE 458 A
g o} 2ol FFEAE 1mm¥ HEA AR
& AXEYT, Table 49 22 FEA 0
FE9 W3S AU Table 401M e 7t
FHg 71EA ZAFHH FA Fig 601 veERY
%tk Fig. 69 <3t 7)1EAof 9% #HAFAR
MCNP #H2tol) o gt ZgZMdo] e Fo]5 Jeh
I glon o]AL Table 29 7|27} YEF A
Ao GEAE HYrlsle FU|EANEA ALY F
AEE YFsted F& Aolr)

7Y A&7y B4 959 NHAE 23
ALANE AFEE {43 MCNP AAA =)
FAS] W3te] g HFES o|&sd Y
HA el o i AL FA=Z et AN
23 A4 GEAE 14.6mmE Ve o oet
A Z2gFAE A 116mmE HrrHAT AL
HrAEAe HrAg A 2S5} 41% H6
A A Aol

g 3%
N A
g 4

£ 8

6.8 £

2 d79)A gamma scanning testd] 21§ thete)
A A AgFAE Hotse 7les Yol 9
gl ATY AHAE ez 49 IS A
O& g2 428 ¥t
(D 2%g Hristele oy 2AsAY A ua}

Azt AN e 8F 9 1 W Abe gl 3
A A& MAsol AEA AEF ARE
dA g}

(2) Gamma scanning test® 2#HA o AL Hr}
371 98t J1EAHMAE AFste FJropr|E
g AR olAcz AA A AFL
Brtste WS gH3d

(3) ¥Atdate 4 =9 MCNPEEEZ A4
Z27E 958 AdAg ARFAE Fisn,
BANEANZ AR AFFAE vmsid ¥
ol AAFE AU ol#F Age B AT
A A AP NHHE BFEA Fx=
Aeln, oe}7}A] 7|3t8t3d Fze] A=
A8E & & Holgl 4LHE
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A Evaluation of Shielding Deficiency by Means of
Gamma Scanning Test

B. J. Lee and K. W. Seo
Korea Atomic Energy Research Institute

Abstract In this paper the method to evaluate shielding deficiency by gamma scanning test was pre-
sented and verified theoretically by Monte Carlo code which is one of the best effective method for ra-
diation shielding calculation. The cylindrical shielding model was selected to evaluate shielding deficien-
cy by gamma scanning test. First, the reference shielding according to the design requirement of cask
was fabricated specially and reference values were measured with Co-60 source and scintillation detec-
tor. As a result with which calculated the reference values, it is shown that maximum deficiency thick-
ness for lead of true cylindrical shielding model was 12mm. To verify this, thickness of lead was calcu-
lated by MCNP code and maximum deficiency thickness was 11.6mm. The experimental result obtained
by the use of reference shielding was in good agreement with the theoretical result within 4.1%. So,
this method can be applied to inspect the shielding ability for great shielding or cask which the radio-
active material is used. To perform measurement more exactly, the further work on the developement

of measuring equipment to display the results on the screen will be required.

(Received - June 27, 1994)
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