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Fig.3.12 Concrete shield wall with slant duct

31

(429)




0w

Concrete

e
f= fy+fatfs T
7rd§ 7rd§ Wd%tane :
8tan 6 4¢os B -sind 8
_ _3rd
~ BcosO-sind
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Table 3.5 Dose attenuation between front and rear surface of concrete shield wall,

and allowable maximum diameter of slant duct

Incident | Dose attenuation in concrete Maximun duct diameter (cm)
gamma-ray | shield wall, vhere incident Concrete shield wall thickness
energy angle equal to 0° 75¢cm 100cm | 150cm
(MeV) Concrete shield wall thickness slant angle
T5cm 100cm 150cn 15° 30° 15° 30° 15° 30°
0.5 1.4-5% 1.6-7 1.6-11 0.76 1.4 0.11 0.20 <0.01 <0.01
1 3.1-4 1.2-5 1.5-8 3.3 6.0 0.94 1.7 0.05 0.08
2 3.3-3 3.4-4 3.3-6 9.1 15.0 4.6 8.4 0.74 1.3
4 1.5-2 3.1-3 1.2-4 15.0 15.0 11.8 15.0 4.3 7.7
6 2.6-2 6.7-3 4.4-4 15.0 15.0 15.0 15.0 7.8 14.1
8 3.2-2 9.4-3 8.1-4 15.0 15.0 15.0 15.0 10.2 15.0
10 3.5-2 1.1-2 1.1-3 15.0 15.0 15.0 15.0 11.6 15.0

* Read as 1.4X10°¢

Table 3.6 Allowable maximum diameter of slant duct calculated

by G33-GP code

Maximum duct diameter (cm)

Incident Concrete shield wall thickness
gamma-ray 75¢m 100cm I 150cm
energy slant angle
(MeV) 15° 30° 15° 30° 15° 30°
0.5 <1 1 <1 <1 <1 <1
1 3 S 1 1 <1 <1
2 10 15 4 8 <1 1
4 15 15 12 15 3 7
6 15 15 15 15 8 14
8 15 15 15 15 10 15
10 15 15 15 15 12 15

£e
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M EERBEOHBREFig.3. 1ACRT.. AUy FOHBLRLEBELOBREOMOAE
HOTHRRT D, 01315° 130" 2 MM 2T 3. HUoRITEBRBICEEANRT 5.
(L)X EREORXDRE
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sin 8 (3.29)
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2

U > pCOI’l W
= 20094 P, Peo)

(3.30)

»B5h3B,

(2)BBBRAAY) Yy FREOBRE

HARAAY v FEIZ. AT RIWV¥—-E,=0.5. 1. 2. 4, 6, 8, 10MeV. EAKEE/XT
=75, 100, 125cm. 150cm. EREBEDO B X100cn. HAY Y FOAE =15 . 30° . RY
o FERFAEES0mEEX 22 LT, W=3, 5. 7. 10micDVWT,. AYy hAOD
S510knMhESICESHRBELEE. PEE-L40H VYV IHREEHAANZEEZG33 -G
PHEICEVURD, Tabled.7iCiRT . ARICIE. G33—GPHREK X EBET
ORBROBBERELRT. EHBICABIRANF—H530VR IRV —DOFHRH <R
PAHTIEEE. COBERO/VIEBICBII2BRBROBERISAMIIIVEE
AYy hEERD B,

>

Fig.3.14 Concrete shield vall with slant slit




Table 3.7 Dose attenuation between front and rear surface of concrete shield wall,

and allovable maximum width of slant slit

(eey)

Incident Dose attenuation in bulk Maximum width (mm)
gamma-ray vall, where incident angle Bulk wall thickness
energy equal to 0° 75cm 100cm [ 125cm ] 150cm
(MeV) Bulk wall thickness Slant angle
75cm | 100cm | 125cm | 150cm 15° ] 30°| 15°| 30°| 15°| 30°| 15°| 30°
0.5 1.4-5" | 1.6-7 1.7-9 | 1.6-11 5 7 5 5 3 3 3 3
1 3.1-4 [1.2-5 |[4.5-7 |1.5-8 7 7 5 5 3 5 3 5
2 3.3-3 |3.4-4 |3.6-5 |3.3-6 10 10 7 7 5 7 5 5
4 1.5-2 3.1-3 |6.4-4 |1.2-4 10 10 10 10 7 10 5 7
6 2.6-2 [ 6.7-3 | 1.8-3 |4.4-4 10 10 10 10 10 10 7 7
8 3.2-2 |9.4-3 | 2.9-3 |8.1-4 10 10 10 10 10 10 10 10
10 3.5-2 1 1.1-2 | 3.7-3 |1.1-3 10 10 10 10 10 10 10 10

* Read as 1.4X107°

s¢
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Fig.3.15 Concrete shield wall with offset slit (435)

. Sln (Alr)




38
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Fig.3.16 Concrete shield wall with cylindrical offset plug
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HOXERLBRVWELE. LML, FHRABRBEOLERL2VWEECREIE N T
b, Ry FIRBROLDI KL ENVBTHREALEA Y TRICIE., FRAUVBRBHEOLXERT
20403, ZDEH. HX Y M EEBBEICONWT., BVETHBELEA IR
EB3X RHOOKRBELG33-GPA—-KTCHEL. "IV EBETR TCORREY
HEL., REROMOBELXESOMIT S, HEBKREFiR.IINRT. 22U -k
EHEOEXTIZT5mi 150D 2METH 2. ¥7 FEOLRFL 2SR L ERED
BREORTAEL LTS, BRTESHFORGERNV¥ -2 LT, 6=15 ., 30° @
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DEBAE. CUBHOBIRB<OEBRTHAVSATVLEIn (D L LE,
HEE.
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QERENSAVIY - RENWEBIZANL., BVEBECHRIBICK Y MM EEHEICAYH
FTAHYZRICEDT D FHOOKRER (1 MBEHERE: 2VECRT. 1 AR
DHYIROBHEY., BEEERFSL UTHARBEAVWEER O SRBHEEIC
THd).
QERELS NI EBBEICHBANRT AN TRICEZ ANV EBBETEORARRE
%,
KDOWTITW., OLQOBRBRIQO ANV EBETCORBERLODUETEORERBRT 5.
9. RBEMBEL BVEBBRALT Y RICEIITX I NHOOKRBRL OBFEERD I D,
RECLERBLOERZEEX -HEEREN 7 M EREBEEICOWVWTITW., BIVETH
HBRICEY ) MEERBICAFUY Y FHOWKBARTI2HVIRICIIBEBEL BEH
BRI EREBILEBAHT AN Y TRICEIIBEVREORARRELDHE RS, Fig.3.
18Ry . 22T, HEREKERT=T5cs. AFAI=15 . ABRHVIHRZIIVX—
E=1MeV. ¥ FEED=2.1cn. #ifEREEXU=0.95cn. ELLEWOEIMmE LT
5. FABEMSHLEMeEIIK, RBEDHIEZ =250cffi5ETRAERZ. ZOHEK
EIE BZHETORFEMUEL2 Z=2050aa(L/IVELRELOEMO@) LT 2. HERE
¥ Table3.8IC/RT . ARICIHIHKDEDEGFTE -ATH I RIS ERBICARTIH V=
BRICEBX I MEOORBRL AV BBRERTCORBRRLOKLNDG3 3 -GPHAM
bRd. ARICEBE, SRFACEA 7 MEOORBRITIVEREH > <HRICE B
EMATHORANIEBBTEHORARERUTT. BOREBROUHITEITE - LKL ZH
WKHATEW, ULEF->T, FFE-ARETVWTEDEFBRAY ) FNEEUDAHATHH
. BIVHOESARAS IV I hOREOBEBF I ARMHFENHEHTEZILEXD
ha, 2EL. BVEBBEAVTRICIIEEBE., BEY 7 MM EEBBEORBHAIHOWT
HELEDOTHY. ERMORMICY->TIH. G33-GPaI—-KSBIL &Y BIVBEREN
YIBULEBTHAUBRBEOORBREFS ML TELLENH 3.
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(438) Fig.3.17 Calculational geometry for gamma rays scattered in cell wvall
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Calcuational geometry for gamma rays scattered in cell wall with

lead lining and projection

Ratio of dose rate' at straight duct exit of gamma rays scattered

in cell wall and then entered to shield wall with straight duct

and the maximum dose rate behind bulk shield wall of gamma rays

entered directly from source to bulk shield wall.
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Table3.8 Ratio of dose rate at straight duct exit and the maximum dose rate behind bulk shield wall
6=15" 6=30°
Concrete | Source | Duct Compensa- Point source | Parallel | Duct Compensa- Point source ™" | Parallel
shield energy | diameter | tional beam diameter | tional beam
vall (MeV) | D(cm) shield D(cm) shield
X ¥K LS XX
thickness thickness | @ @ O+Q@ thickness | @ @ O+@
T(cm) U(em) U(cm)
15 1 2.1 0.95 0.65) 0,090 0,74 0.89 3.1 1.4 0.27 | 0.034| 0.30 1.2
4 13.8 6.3 0.57 ] 0.021{ 0.59 0.82 15.0 6.8 0.16 | 0.006( 0.17 0.48
10 13.8 6.3 0.16 | 0.002( 0.16 0.21 15.0 6.8 0.11 | 0.001} 0.11 0.27
150 4 3.2 1.5 0.62 [ 0.033| 0.65 0.91 3.6 1.7 0.16 | 0.012( 0.17 1.0
10 10.2 4.7 0.2410.013( 0.25 0.42 13.2 6.0 0.089 | 0,001} 0.09 0.40
* @ : Ratio of dose rates of gamma rays entered directly from source to shield wall with straight duct and bulk shield

]

v

all

* (@ : Ratio of dose rates of gamma rays scattered in cell vall and then entered to shield wall with straight duct and

gampa rays entered directly from source to bulk shield wall

® %

Source position : Z=250ca

v
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BEALERZICEU2NS. JRRAERBAOEMIZXR(26), 2NDIREHLTWV S,

ARHFHORIEEIE. ChS5OFRHAUBREBMEEHRBETEO N >~ < RRHEBREE (DL
F. BER)L W IEBBFTTORERL S HKT I LILE->TRY. REXOWE
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JRRABRKENSEHMOM. 1HB6HMAAEEZHLS. KEIMSEMOMICEITS
A—&. A—ZRHFHAHRADOH < RhEBEE, EI Y -VHRF o P2 VAR E
AwTiilZgL. HEHOBRAKBOR/NEDK1.03 %18, LN T, FHAUBRE
MHEEBBEBTHORBRL VI EREVEORERL DI, LROEBICXVEKX
SRDRMMENTEThIZILEASLNS,

ERICEALEaAY Y- FEBBEORTRERERF AR -AESHLTRDE. =
h ¥ Tabled.1icRT .

Table 4.1 Elemental composition
of concrete(g/cd)
0.0088
.1739
.0393
.0113
.1241
.6908
.0373
.1603
.0046
.0497
.30

0

Na
Me
Al
Si
K

Ca
Ti
Fe

N|O © © O O © O O =

Density
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Fig.4.1 Arrangement for compensational shield experiment (Plan view)
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4.2 TRIV¥-RRZRIOHE

EBEORVEBRICEWT. ERAFONS590aMh - KRAMECORICEITZH
VIBDIRIWE - ARI RJVENE 21 3E#EEY Y FU~va v REBEHVNTH
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v, VAKRY ARBICIRESAEYF A VOMETROEE OV BALE. BohE
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BHERBILBIIAH VY IBROIRIVE— AT hvik, BEICEWTNI(T2)RHB %
AWTHREEZATVWAEHNCD, ) NE21 388Ky Y FU—va vRBBEEV.
HEFLHYRBRERPLUTHREL 2GR, ZREXIPYHDTTHD. EARI LVE
ZHSANI(TR ) RHBEAVWTHREUEZERAMETDO AR RV (D L @kt % Fig.
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Fig.4.3 Energy spectra of gamma rays on axis of the experimental hole (443)
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‘NE213 PM DLAI - [ DA l
1 L1

l HV| RHC}———’ TSCA

PM : Photomultiplier RHC : Rise time to pulse height converter

HV : High voltage power supply TSCA : Timing single channel analyzer
DLA : Delay line amplifier LG : Linear gate

DA : Delay amplifier : MPHA : Multichannel pulse height analyzer

Fig.4, 2 Block diagram of r-ray energy spectrum measurement

Table 4.2 Energy spectrum of gamma rays on the experimental hole (2=590cm)

Energy range Flux (photons- Energy range Flux (photons-
(MeV) cm™? s ' MeV-t.W-) (MeV) cm~?-s-'-MeV-1. W-1)
0.75~1.00 1.44 40! 5.25~5.50 7.07—1
1.00~1.25 1.1940 5.50~5.75 6.67—1
1.25~1.50 1.80+0 5.75~6.00 6.33—1
1.50~1.75 1.8840 6.00~6.25 4.87—1
1.75~2.00 2.4540 6.25~6.50 4.57—1
2.00~2.25 2.9540 6.50~6.75 5.34—1
2.25~2.50 2.3840 6.75~1.00 4.90—1
2.50~2.75 2.03+0 7.00~17.25 4.72—1
2.75~3.00 1.89+0 1.25~1.50 6.24—1
3.00~3.25 1.78+0 1.50~1.75 6.10—1
3.25~3.50 1.704-0 7.75~8.00 3.60—1
3.50~3.75 1.65+0 8.00~8.25 1.42—1
3.75~4.00 1.5340 8.25~38.50 4.63—2
4.00~4.25 1.4340 8.50~8.75 1.43—2
4.25~4.50 1.3140 8.75~9.00 9.26—13
4,50~4.75 1.19+40 9.00~9.25 1.05—2
4.75~5.00 1.004-0 9.25~9.50 6.47—3
5.00~5.25 8.39—1

t Read 1.44 x10° y/(cm?-s-MeV-W)
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Fig.4.4 Gamma-ray dose rates on the horizontal line of the front surface and

40cn apart from the rear surface of bulk concrete wall with thickness

120ca
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Fig.4.5

Ratio of dose rates with and without slant duct, on the measuring line behind

the vall. Here T=120cm, U=0.8cm for D=3.5cm and U=1.4cm for D=6.2cm.
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Fig.4.6 Ratio of dose rates with and without slant slit, on the measuring

line behind the wall. Here, T=120cm.
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Fig.4.7 Ratio of dose rates with and without straight slit on the measuring

line behind the wall. Here, T=120cm.
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Fig.4.8 Ratio of dose rates with and without offset
slit, on the measuring line behind the wall.
Here T=120cm, W=2.7cm, U,=28cm, U,=1.35cm

2
and U3=U4=12.8cm.
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Tableb5.1 Gamma-ray source intensity of PWR spent fuel in remote

. 2
process cell of Barnwell reprocessing plant uz)

Energy | Energy Mean
group range energy Photons/al/sec
(MeV) (MeV)
1 0 -0.5 0.3 3.08x10*°
2 0.5 -0.9 0.63 1.86x10%*
3 0.9 -1.35 1.1 2.01x10°
4 1.35-1.8 1.55 1.79%x10°
S 1.8 -2.2 1.99 4.70x 10°
6 2.2 -5.0 2.38 8.91x 10°
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Fig.5.1(a) Ratio of dose rates behind shield wall with and without straight
slit with compensational sh;eld calculated by G33-GP code using
buildup factors of concrete and iron. Here, shield wall thickness

T=75cm and incident angle 6=15° .
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Fig.5.1(b) G33-GP calculational geometry of concrete wall with compensational

shield for straight slit.
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Fig.5.2 Ratio of dose rates with and without

straight slit, on the measuring line
behind the wall. Here T=120cm, W=0.9cm
and U=0.45cm.
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Fig.5.3 Ratio of dose rates with and without slant duct, on the measuring
line behind the wall. Here T=120cm, U=0.8cm for D=3.5cm and
U=1.4cm for D=6.2cm.
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Fig.5.4 Ratio of dose rates with and without slant slit, on the
measuring line behind the wall. Here T=120cm, W=1l.lcm

and U=0.25cm.
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Fig.5.5 Ratio of dose rates with and without offset
slit, on the measuring line behind the wall.
Here T=120cm, W=2.7cm, U1=2ch, Uz=1.350m

and U3=U4=12.80m.
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