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Wall with Duct and Slit
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Akio YAMAJI

Abstract

A compensational shield is necessary to maintain the shielding
performance of a wall with air-filled regions equal to that of a
wall without irregularities. In this paper, a design method of iron
compensational shield is described for a straight duct and -slit,
slant duct and -slit, offset slit and cylindrical offset plug in a
concrete shield wall against gamma radiation. The characteristic
of the present method is to install the iron compensational shield
in the concrete wall, to compensate the lowering of shielding

efficiency without increasing the concrete wall thickness and to
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determine the dimensions of the compensational shield using the
densities of the concrete and iron, duct diameter, slit width and
the concrete wall thickness independing on the incident gamma-ray
encrgies. The aim of this study is to develop an useful shielding
design method for irregularities in the shield wall of reprocessing
plant, hot laboratory and nuclear power plant. For this reason,
the present method was made under the conditions applicable to the
shielding design of above mentioned facilities. These conditions
are, for example, 75-150cm of concrete wall thickness and 0.5-10McV
of incident gamma-ray energy.
To verify the present method, experiments using reactor gamma
rays were performed for concrete wall with shield irregularity and
its compensational shield, which indicated radiation behind shield
wall was reduced effectively by the compensational shield and the
dose rates behind the wall became nearly equal to those of the
bulk wall. However, the verification 1is not enough, since these
experiments were performed using reactor gamma rays and only with a
few cases of duct diameter and slit width. For this reason, a
multigroup single scattering code G33 was intended to use the
further verification of the present method. At first, to verify G33
code, experiments were analyzed with the code for configurations
of shield 1irregularity 1in concrete wall with and without
compensational shield. The agreement between the calculations and
the measurements is fairly good. Consequently, G33 code was applied
to verification of the present method, and the calculations showed
that the shielding performance with compensational shields becomes

approximately equal to that of the bulk shield wall. In chapter 9,
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the present method was applied to a 14MeV neutron shield wall with
offset slit and its compensational shield, and a good shielding
performance equivalent to that of the bulk wall was showed by using
MORSE-GG Monte Carlo code. In chapter 10, the applicability of the
present method to a lead compensational shield was investigated for
gamma radiation for a concrete shield wall with offset slit
by wusing G33 code. The calculations showed that the shielding
performance with 1lead compensational shield also becomes nearly
cqual to that of the bulk shield wall.

In appendix 1, a German nuclear standard 1is presented for a
design of a double bent duct in concrete shield wall against gamma
radiation. In appendix 2, recommended values are presented for the
maximum diameter of straight- and slant- duct, and the maximum
width of straight- and slant- slit with compensational shield.

From the results and discussions, it is concluded that the
present method 1is a reliable and useful tool for the shielding
design of the concrete shield wall with irregularities in reprocess-

ing plant, hot laboratory and nuclear power plant.
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Fig.1l.1 Example of compensational shield used in radiation facilities.
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Table2.1 Example of shield wall thickness
Facility Shield wall Thickness (cm)
N.S. Mutsu(?®) C/V side shield 100~110
Barnwell Remote process cell 61~152
reprocessing plant(‘ﬂ
VASTEF @*) No.1~5 cell 75~155
Table 2.2 Percentage of calculated dose rate of each incident ¥ -ray

energy group to the total behind concrete wall with
thickness of 75,100 and 150cm,respectively.

Incident ¥ -ray

energy group

Percentage of dose rate of each incident ¥ -ray

energy group to the total behind concrete wall

(MeV) with thickness of
75cm 100cm 150cm
0 ~ 0.5 0.1 <0.001 <0.001
0.5 ~ 0.9 46.4 16.0 0.7
0.9 ~ 1.35 7.4 6.6 2.0
1.35 ~ 1.8 27.7 40.5 35.1
1.8 ~ 2.2 18.3 36.8 61.8
2.2 ~ 5.0 0.1 0.2 0.4
Table2.3 Example of duct diameter and slit width in facilities

Diameter of air-filled straight duct

Vidth of offset slit
Width of offset hatch plug

0.42cm

1.6~14.3cm
<1.5, 1.8, <3.3, <3.6¢cnm

(N.S.Mutsu(®))
(N.S.Hutsu(®7)
(EBR-I fuel cycle facility ™)

(413)




16

(414)

IR WHFH
ERHEHETH.
Do

-
T Ln Dy (3.1)

=i

TIT. T:EBEOEE
Do,D, : 7V BB ORE. WHICHITIHRER
TEHZ N ETFHRBER 2 EMV 3.
YT Y- PR T BRRBRIE Feon - At U, EBBOMEEHKE LE
BAEOBREET L¥BL.

exp (—ﬁconT)'_'eXp("ﬁFeTl ="g‘:)‘ _ (3.2)
DBEFAHS. (3.2)KhH,
ﬁpe [Beon =T/ T (3.3)

"Eohs.
VY- FEBRELKEBBILBIAH Y TROBERIL. RFELREEOME % 3tiE
U, HYIROEXHTCORREER TS L.

!

o Heg T
Bcon e o= BFee Fe (3.4)

TZT. Beons Bt VI U— hLHKOBAEKREY
Begns Bret I¥ VU — HESKORBINGRK
THd. (3.4)KIL.

=71 a2}
=~ +
T P'Fe #COHT ﬂn ( BCOD) (3.5)
r@x#maioh3d, (3.5)X%2(8.3)RIKRKATBL.
Pre _ Fre 569
Heon Pcon"“jf‘f,n ('E%;‘n) )

B, AVI Y= REBOBEE 0o ppel L. IV U = b LKORBRERH
ERVWT(3.6)RERRT DL,

- - F’Fe

Fre Feon  _ Pre

Pe Pcon Feon ! Bre (3.7)
e P oo + PoonT ln( Beon )

L5,
HYZBROBARTRIVE—0.5~10MeVICDWT, A2 Y — R ERBEETS~150cmic




17

HYT A EHEHGTRICBITA(3.7)RDMEEFied. 1iimd. EROTINVX-BLT

T RN 5T S/
Fe

—fm" 120.94~1, 250 WHICH 5. LEOHEIKH
con

W, BBINFBICENSRDSNBS 29 ) oM s. BEGKKIZPALLAS
A—-RTCHEZhESZFRFAICHT I2BHEER (")Eﬁﬁb\i‘:. FEEHRBICITHRE N

DHRIFEThTWS,

AT TRARZERHAUBRBIS T 2 BBEBBOTHEOMETIIRAMIC B, DI

i
T B
#Fe—0.94ﬁ Pe, (3.8)
YHW3.
Photon
1.3 Energy -
- o} ¢} o 10MeV A
gl < 1.2 -
X a® SN i
ENGALE I A 6MeV |
Sl osmey OOMeY 2 MeV
A P v
L vV—e O/ — v/ TAN v |
1 MeV
09 ] 1 ] | L1 | | | I ]
50 100 150
Thickness of concrete (cm)
Fig.3.1

thickness

Ratio of Bro /pFe to ”Con/pt‘.on as a function of concrete

(415)




18

(416)

3.1 H¥XU MfEEEE

HMOGEMEEY 7 FOBRL LTEBEBICHEZAL, AREREEETIEY Y &K
BBOHIREFig. 3.2 RT. ¥V LOHEHBEED., HREBEOREZ2U, EBREOKX
FTTELhFARRT S,
(1)HBREBGORZDRE

AMEREOX XU, Fig.3.205 4 Y QitBWT.

'.‘—‘conT > {,'LFQ _ T D+U }
eXp( COSB ) p 5|n9 F’CO" (COSB' 5|n9' ) (3.9)
DEUENERD .
(3.9)RE2UKDVWTHL L.

U _ l—[con_D
Fre = Hcon

1\

(3.10)

3,
(3.10)0R ik, DRMETH S (3.8)REMRAL.

Peon - D
2 —— (3.11
U - 0'94PFe—pCOH )
L33, (3.ADKX»5HLEMEI I, BREREOKZE a7 - FLKROBWE.
FEUX I NHEBOMHET S.
(2)FABARAMAHAORTE
BRI FHOXERALL2WEEKREXHS. SRELT7 FAOLERSRE KR
BOoEBRLORTRAEBEOREBRE/E 0.1, Fig.3.2053 4 Y@IicEWT.,
~Eeon T ~Hge U
—— e = e —_————
L ( cos 8 ) Xp( sin 8 )

DERHENINSRD B,
(3.12)RI(3ADROUDHE(3.8)RDur, DEERAT B L.

= -1 094PFeD
B = 10N 1094 P, —Peo) T

AEoh3, 0, AV I Y- BOHBE. ¥ FHE., SLIUEKBEOXKZ DA ICK
w5,
(3)BBBAN Y NEBORE

VAZFY Y AT E S HRBAY Y FEEL., ¥V NBETBEALY 2 FR LR
TEHVTRICESSHBRAN Y NERL 2 RD. HEDIBONE WEEHARAY
pREBETE. EEL. B2ROBMBMTRUEEDI K I FERIE5cak X2V
¥ 3, 3. BEE—LDOH Y IRICOVWTAHRRS,

(3.12)

(3.13)




19
VAT FIYRBILETSHAERKS V) FEBE Dy R(3.13)AN6.

- (094 PFe — pcon) T
dg = 094 Pr, tan©

(3.16)

kb,

O PBETCHRELY NVEOKBERBIZ2AVIRICEISBBERARY IV FERdSOD
BHETH, HYIRE-LDKX I NBEADAHERE f. BORET VX E%ap, 2L
T. ¥ FEHETHELIN 2 FAERBALTY I FHOKERT I A VIRICIIRER

EX T RAOETIRBRL DMLY fam/n>2;9)2=f§bTWnJJ#mL

ZOMEAINRANY EBEORE LTSI IRBREOLALIV O AELRBZIIHER
REV FEBRds:EDD. Thbb,
f' aD‘

d
Qs
(T 2tan®

>— <A (3.17)

a¢5°gﬁmmbﬁﬁvgbyahg@m&fuhgasmbwbm*&ﬁr%%%—

THY., TOHERX (B3 ANKRIKLKALAsICDODVWTHRL L,
/ 84 tan § /// ) (3.18)
»NB5h3,

YY) — hENBEXT =75, 100, 150cn A H <RI XIVAF—0.5. 1. 2. 4. 6. 8.
10MeV. A A O =15" , 30° . IcHBBdg . ds¥(3.16), (3.18)RICEYRD. W
HDOILDNEWEEFABRAY V7 FEHE L UTTabled 1ISRT. 22T, BOBRT7 IV
REKay. bk, =15 O@EA0.03. 6=30" OB/A0.022 LY Mo EBEICETS
HYTBRBREORBERAL, EBEEHIS 0k TEHSAMFLXEE, a2~ FOH
E%2.30g/cn’, SKOBES7.868/c’ L LT 1EMHA I - KG3B3—GP Nk YRDE.,
AREIEELE. AHZIRANVEF-JLIHERKRY I FEHBERRLTWEN. HARKSY
2 FEBZIE(3.16). (B8RS REIKANWIBEBRECOH Y TREROBE
LAHAICEIWTED S NS,

¥k, G33—-GPa—-KYAWTROEHARAY 7 NHE ¥ Tabled. 2i25 T,
Table3.ZDHIX. 57 RAO S 10knMh 2 KICEFHRFLEE. RV ~E,
=0.5. 1. 2. 4. 6. 8. 10MeV, ASMA O =15" . 30° ., &> ~EHED=1. 3. 5. 10, 15
cnllDWT, XU FHOBLOBRERY RS, WEORBFICEI W I EBRBEETD
G33MEHMX I MMOKHYETZIEATOHEI LoIERD . HHEEEBLEGABICOY
Y- hOEXAV. GEESEORXUIRGIORKKEITNT, ¥7 FEED=1. 3.
5. 10. 15cmic#f LT #h £hH0.46, 1.36. 2.26. 4.52, 6.78cnk L=, G33~-GP2
—~KOKEILBOERTHRAS. ‘

417)



20

(418)

Table3.1., 3.2 5L Mk dil. ERZIAKEICKZNERAY Y NEHER
G33HMIcEBHBIGEW.
ERFOBOODEBEADOAHABIIZ. ¥7 FAOTOMTIERL., BRRE X7 bHO
LERSBRLEBBOERLOLTARL L, BRBFOBAE. Fig.34IRT DK,
BELX Y NHOSRIBLEBRBOERLOLRTARORMMEL T 5. Fig.3.5iK 0=
15° . 30° DIV ELBWTERFEABHZEE@A0X 7 FHOORER L FRH
BicOWTONRNW BB T 2RARBR:DHEERT . SRFICBITIRERD LT
FTE-ATDBEICHANATNEL, FIFE-LALZRAWTEDEHRBRAY 7 FEBIZARK
KHUTHHMATEZ b2 3, EEL, AE»SHLMM &I, EREOESIE
PFE-—LRESTVTERDLEHBARAY I FEBELEHEATHREROENIAT LR IR
FHEADBLBAOIS., RETE-LATEDLENBRAY I FEEEBA-BROHK
KR EFig.3.61cRT. AETI., BEBEEBEOEL LB MM =RETOMERLITILTT
535, ZDEIIC. ERFOBEAREFTE—LILE TV TEDHBERAN Y NEELHE
ATHATHARECES DS, 2L, #BRAY 7 VEELXEAX 7 FEEXAY
ZBARG3IHABF I TERBEBOMEBETD.
BRBRBEAOERHFHROEHELEMARIEMN T, RIKE EHEEL O FEM A —5E (150cn)
DS3AYVELBVWTEREXBHEE. ¥ MHOOKRERL VI EBBEDX Y RO
KHYT ABETCORBREREG3I3-GPHAKIYRYD, WHOMEFi.3.7CRT .
BRERLIZ o FAMTICO>OTHAAT S, ARIKRT YV REE(D=3ca) L EKEX(T =
100ce) CHOEFE — LAOKHBRENMAN AL Tabled. 1. 3.2 6815° CTH3, LEN-T.
PIFE - LA ETVWTREDENBRNMINANEOABREARICE A AN ZEBRFICK S5
JFHODKRERIEIY I FHOOEICHYT 2 /W BEBETORREBICHATEL 23,
T, ERBRFO BN MO ERT 5L L TFig. 3. TR T RO EHE N
5150caMh HFiCHSHRF(AHEBRE L. FOHLMIEY 7 FRLME—BT 3. )
YME. HERFOKREESAZBATHY 7 FMOORERL Y ) FHOKHYT 2R TO
NV BEBRBEOREELRD. WHEOMEFig.3.81LRT. AEIS. ZORBILEWT
WA 2 A 00cuA ETHIIE, RIFEO—BAX I FHOXERLTH /0 BB
LOEBEREET I ADM B, £/, Fig.3.7, 3.8325HBMR KD, ¥U MY
O%BERAT IRFEICFig. 3.QRTIBMEBEERITI I LICE Y. AEVERRIEFIC
SVWTHNAN I EBELASOEBRERLERBIEIZLITHTHS. MEOKREZL
BERDLL OBIRIE, EBEX, XY NEE, AHZ VY-, RIKGE. BmE8w
RickBET 3. REO—BAX I FHOREATIHRICEVTIR, G33IHATILL-
TEBREBOMBELITY.

AFIRTIEAY b, fIFXI R, #RAY 2k, A7 bRAY o b, BNEARETS
T DEERETIE., PITE-L0H Y TRICBLULTHRRETD.




..,A\X

-~ Compensational Shield (Iron). . .. Line
. . ' . . . ' ' ' .../®
: ..‘ . .///? R ' :Dt
<+ Duct (Air) -~
- .. (Concrete)
T
Fig.3.2 Concrete shield wall vith straight duct
Concrete
ds ds
™1 Ztn e (T~ Sins
NN
. ANNE
. he}
| Duct
8
f= f1 + fg
_ md? ik
4tan 8 8tan 6
- 3rd} X
Btan 6
Fig.3.3 Visible area of straight duct surface

21

(419)




02%)

Table 3.1 Dose attenuation between front and rear surface of concrete shield wall,

and allowable maximum diameter of straight duct

Incident Dose attenuation in concrete shield wall Maximum duct diameter (cm)
gamma-ray Concrete shield wall thickness Concrete shield wall thickness
energy T5ew | 100ca 150cm Tem | 100ca |  150cm
(MeV) Incident angle Incident angle
15° 30° 15° 30° 15° 30° 15° 30° 15° 30° 15° 30°
0.5 1.1-5%| 4.2-6 1.1-7 3.5-8 9.0-12 1.8-12 0.67 0.75 0.09 0.08 <0.01 <0.01
1 2.4-4 1.0-4 8.5-6 2.9-6 8.9-9 1.8-9 3.0 3.6 0.79 0.84 0.04 0.03
2 2.7-3 1.3-3 2.6-4 1.1-4 2.2-6 5.2-7 8.5 11.6 4.1 5.0 0.61 0.53
4 1.3-2 7.6-3 2.5-3 1.3-3 8.7-5 2.8-5 13.8 15.0 11.0 15.0 3.7 3.8
6 2.2-2 1.4-2 5.6-3 3.1-3 3.3-4 1.3-4 13.8 15.0 14.9 15.0 6.9 8.1
8 2.8-2 1.9-2 8.0-3 4.8-3 6.2-4 2.6-4 13.8 15.0 15.0 15.0 9.1 11.2
10 3.1-2 2.1-2 9.5-3 5.9-3 8.6-4 3.7-4 13.8 15.0 15.0 15.0 10.5 13.2

* Read as 1.1X10°°

Table 3.2 Allowable maximum diameter of straight duct calculated
by G33-GP code for the incident angles 15° and 30°

Maximum duct diameter (cm)
Incident Concrete shield wall thickness
gamma-ray 75cm 100cm | 150cm
energy Incident angle
(MeV) 15° 30° 15° 30° 15° 30°
0.5 <1 <1 <1 <1 <1 <1
1 YA 2 <1 <1 <1 <1
2 7 10 3 4 <1 <1
4 13.8 15 11 15 4 4
6 13.8 15 15 15 8 13
8 13.8 15 15 15 12 14
10 13.8 15 15 15 156 15
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Fig.3.4
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Fig.3.5
Ratio of dose rate at straight duct exit to the maximum dose rate
behind bulk shield wall using point source and duct diameter based

on the data in Table3.Z2.
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Fig.3.6

Ratio of dose rate at straight duct exit to the maximum

dose rate behind bulk shield wall using point source.
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Fig.3.7

Ratio of dose rate at duct exit to at the same point of

bulk shield wall using point source of various positions.
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Fig.3.10 Concrete shield wall with straight slit
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Fig.3.11 Ratio of dose rates with and without a straight slit at a point of
slit exit calculated by G33-GP, as a function of the wall thickness
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Table 3.4 Dose attenuation betveen front and rear surface of concrete shield wall,

and allovable maximum width of straight slit

Incident Dose attenuation in concrete shield wall Maximum slit width(mm)
gamma-ray Concrete shield wall thickness Concrete shield wall thickness
energy 75cm 100cm 150cm 75¢cn 100cm L 150cm
(MeV) Incident angle Incident angle
1° 15° 30° 1° 15° 30° 1° 15° 30° 4 1° |15° [30° | 1° [15° [30° | 1° |15° J3¢°
0.5 1.4-5%| 1.1-5 |4.2-6 |1.6-7 |1.1-7 |3.5-8 | 1.6-11]9.0-12|1.8-12] 3| 7 31 7 3| 3] 3
1 3.1-4 |2.4-4 |1.0-4 |(1,2-5 |8.5-6 |2.9-6 |1.4-8 |8.9-9 |1.8-9 5 5| 71 1
2 3.3-3 | 2.7-3 |1.3-3 [3.4-4 |2.6-4 |1.1-4 |3.3-6 |2.2-6 |5.2-7 7(10,10( 5| 7| 7| 5| 7| 7
4 1.5-2 | 1.3-2 | 7.6-3 |3.1-3 |2.5-3 |1.3-3 |1.2-4 |8.7-5 | 2.8-5 gj10(10f(10(10(10| 7 7 7
6 2.5-2 | 2.2-2 |1.4-2 |6.6-3 |5.6-3 |3.1-3 |4.4-4 |3.3-4 |1.3-4 9/10(10(10|10({10| 101010
8 3.2-2 | 2.8-2 |1.9-2 |9.4-3 |8.0-3 |4.8-3 |8.1-4 |6.2-4 | 2.6-4 9/10({10(10|10(10}| 101010
10 3.5-2 |3.1-2 | 2.1-2 |1.1-2 |9.5-3 |5.9-3 |1.1-3 |8.6-4 |3.7-4 8(10(10(10| 10|10 |10 10|10
* Read as 1.4X107° Incident | Dose attenuation in concrete shield wall | Maximum slit width (mm)
gamma-ray Concrete shield wall thickness ¥all thickness
energy 120cnm 120cm
(MeV) Incident angle Incident angle
2° 5° 2° 5°
0.5 4.2-9 4.0-9 3 5
1 8.7-7 8.4-7 5 7
2 5.6-5 5.5-5 7 7
4 8.9-4 8.7-4 10 10
6 2.4-3 2.3-3 10 10
8 3.7-3 3.7-3 10 10
10 4.7-3 4.6-3 10 10
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3.3 S50 M EERES

WEGEBAILY 7 F OB LCEBEICMARD., BMGEBGEET A8 M2
BEDOHREFie. 3. 12RT. 57 hOHORE EREOERE DM O AR 0 TRRT
. 01%15° 230° EMFLT 2. HoeBiTERBILEEANT 3.

(1) MOGERE DB X Dz

FHMEBEOE XU, Fig.3.1205 4 vDILH W T,

expl-fenT) 2 exp{—ﬁ;,;%]%—ﬁcon(T-%g)} (3.24)
DEHEDBRDB. (3. 2RI T VRAETHS(3.8)RERAL. UDWTRL

L.
U > pcon D

ARoh5., HREBEGCOBRZZ Y I Y - PLBKOBBRELIVY 7 NHBD K IERET
5. XV P LEX I FOEBRRU LTS, #50 b & KB O ¥ IE R OB/
BRZ2RHEXI MrEEBEOEhDL/2L 25,
(2)BBRAY 7 NEBEDORE

AV - FEBEISREL T H5HMEBEOBILBAL. 2> - MEBEE
ERBETICH I FAKART AN RAXY Y FEETHREL. ¥7 FEOKHRT 3
TLIEORBEOEMEBA S, HUTROX I FERADAHERE . WERKSY
JhEZELds. BMOMBT VAR R ap, b U, 7 FEETOBES L EBENI

d
o g  EWA-EAEEEL (Fied. 38K, XY FEETHRALY S

(3.25)

REBBLTH I FHEOKEARTIHAVROBRERLY ) FAOKET 2REROKL Y
f Qpy

( T __ ds )2'('§:bb. COMANRIIBII BT A VIRBRRORERALY
cosf  2cos@ -sind '

HAXL BB EIICdskBDB, THhDE,
f Qpy
T a )2 £ A (3.27)
(cose 2¢0s8 -sind

3rd?

9%, =2 f= 8cos 8- sind

T 5 (Fig.3.138M).

(3.2NREdsicODNWTHE, BRAHERDD L.

4. = _2Tsing (-2A+/6TAQpsinfcosg )
S 3y sinfcosf -2A

(3.28)
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30° DEA0.022 L0 | My ERECET A TREROMBERAILGII-GP O
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WTEDLHH B,
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D, MFEZRIVF—E,=0.5."1. 2. 4, 6, 8, 10MeVO EZHRE L X2 FAOID
10knMEh = KICHE, RGE-LAOH VR EEREBCERANZYE, 7 FHEED=1,
3. 5. 10, 15calc>WTH¥ 7 hHOBLOBRERERD. A LORFICK 300 0 ElER
FHEHTORBER(G33-GCGPHEMLOLMIBRDE, 22T, HREREOKEZUIR
B.25)RICHETNT., ¥ FEED=1. 3. 5. 10, 15calcH LT EHFH0.23, 0.68,
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Fig.3.12 Concrete shield wall with slant duct
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Fig.3.13 Visible area of slant duct surface
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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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3.4 HAY v M EEME

RMEREIEAY o REEL LTAY v FOTEMICRITE. R EBREERTIHMAY v
M EERBEOHBREFig.3. 1ACRT.. AUy FOHBLRLEBELOBREOMOAE
HOTHRRT D, 01315° 130" 2 MM 2T 3. HUoRITEBRBICEEANRT 5.
(L)X EREORXDRE

HAMEREOE XU, Fig.3. 14054 v DIicENWT,

exp (FeonT ) 2 exp {-Fr 2L oo (T-202W) )

sin 8 (3.29)

DEHENBRD B, (3.20)RI pg, ORMETHB(3.8)RER/AL. UKDWTHL
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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HEEBEE Ay FOABICRTS. HEEREKEETZ2A DRy FAY v R EHE
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(3.33)

DRENSRD B, (3.3)ABERY vy P EEBBEICE TS (3. 1)ARLALTHY.

| Pcon W
>
U2 = 094 pFe_Pcon (3 '35)

"Eoh3,

(i) Us DBRE
Fig.3.150 5 4 Y @ILHE WV T,

i > FreVs _;
exp (~HeonT ) 2 exP{ sind, Fcon (2c0592 5|n92 )} (3.36)

DEEMPERDS, (3.36)R(3.8)REMALT. U ikonTHRLS L,

Peon T , ,
> con _ 1
Us = 094 Pry=Peon (Sln92. > tanf;) (3.37)
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Fig.3.15 Concrete shield wall with offset slit (435)
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Fig.3.16 Concrete shield wall with cylindrical offset plug
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HEE.
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KDOWTITW., OLQOBRBRIQO ANV EBETCORBERLODUETEORERBRT 5.
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RECLERBLOERZEEX -HEEREN 7 M EREBEEICOWVWTITW., BIVETH
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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
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YIBULEBTHAUBRBEOORBREFS ML TELLENH 3.
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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,
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Wik, MTRBER (K MCaSO, BB ERENRTUD200S AL L. EBEICA
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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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Fig.4.3 Energy spectra of gamma rays on axis of the experimental hole (443)
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(444)

‘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
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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
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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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Fig.5.6 Arrangement of straight duct experiment (Plan view)
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Fig.5.7 Energy spectrum of incident gamma rays

Table 5.1 Identification of straight
duct experiment
Duct Shield Incident Experiment
diameter  thickness angle number
(in.) (em) (deg)
1 75 0 1-75-0
15 1-75-15
30 1-75-30
2 75 0 2-75-0
15 2-75-15
30 2-75-30
2 150 0 2-150-0
15 2-150-15
4 75 0 4-75-0
15 4-75-15
30 4-75-30
4 150 0 4-150-0
15 4-150-15
30 4-150-30
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Table 5.3 Element composition of

concrete

{ Plon View)

H 0.015
o 0.0083
o 1.199
Na 0.039
Mg 0.014
Al 0.129
si 0.714
P 0.0014

(g/em®)
S 0.0020
K 0.038
Ca 0.154
Ti 0.0045
Mn 0.0012
Fe 0.052
Ba 0.0026
Density 2.374
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Dimensions In ¢cm

Experimental arrangement for proximity effect of straight duct

50 —

-

.
100

Dimensions in cm

Arrangement of Duclt

[+]

a.

b, ¢

a,b,c,d,e

No Duct

Table 5.4 Coordinates of duct axes
Geomelry
Duct X (em) Y (cm) 1 Duct
3 Ducts
a 0.0 0.0 5 Ducls
b 17.8 0.0 Buik
c —17.8 0.0
d 0.0 17.8
e 0.0 —17.8

Fig.5,14 Arrangement of ducts a, b,c,d and
e in front of concrete shield wall
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Fig.5.15 (a)~(d) Distributions of dose rate ratio of with 1-, 3- and 5.ducts to
no-duct (bulk shield) at measuring positions behind shield wall
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Table 5.6 Percentage of each component of unscattering,
single scattering and multiple scattering in
calculated dose rate in configuration with 8 =0°

Detector - :

position Unscattering scsz{legl,e M?t'élple

~————_—  component rng scattering

X Z (%) compocznent com[ionem
(Cm) (/a (A)
0 0 98.0 0.8 1.2
0 15 93.8 2.9 13
0 30 91.7 4.4 3.9
0 350 92.5 4.1 14
0 72 94.5 3.0 2.5
1075 96.2 2.0 1.8
20 75 30.0 29.4 40.6
075 36.4 27.4 36.2
40 75 18.6 34.8 46.6
50 75 11 29.5 69.4
60 75 0.1 2.7 112

t The multiple scattering component means build
up due to the single scattering component.
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The air gap vidth ¥=3cm, and the dimensions of the compensational shield are

U,=17cm, Uz=1.4cm and U;=U,=T7.8cam for the concrete vall thickness T=75em, and

U,=34cm, Uz=1.4cm and U;=U,=15.6cm for T=150cm .
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offset slit calculated by G33~GP code for mono energy
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gamma—ray source,
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The diameters Dy and D: of the crank plug are 50 and 87.2cm, respectively, and the dimensions
of the compensational shield are U;=17cm, Us=1.4cm and Uy=U(=7.8cm for the concrete wall
thickness T=75em, and U,;=34cm, Us;=1.4cm and Uy=U;=15.6 cm for T=150cm.

Fig.6,11

Ratio of dose rates behind shield wall with and without cylindrical

offset plug calculated by G33-GP code for mono energy gamma-ray

(z1)
source.
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Fig.7.3 Dose rate distribution in front surface of shield wall with
tvo-legged duct
Table7.1 Ratio of dose rate in second leg at X=75cm. Y=Ocm., Z=75cm

vith and without compensational shield

1. Narrov beam experiment

Configuration
] A B C D BC ABCD
0° | 0.946 1.45 0.881 0.832 1.43 1.42
20° | 0.679 1.02 0.906 0.9833 0.910 0.516
-20° | 0.477 0.987 0.338 0.645 0.388 0.131
2 . Broad beam experiment )
Configuration
] A D BC ABCD
0°| 0.885 0.659 1.07 0.839
20° | 0.612 0.839 0.940 0.355
-20° | 0.789 0.293 0.814 0.167
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20° TX<4an@EBICRSN S,

T, 0=7",14 | 20" EEOMMERED VERBEFRH S 20aBFOY=0a
DOARER EILBIIZX=01518a (¥ V7 REBONAIM)ETTCORBREDOTHEL, 0°
EEO OV EBBEBTHEOLAP LS 2RER LMK, ThEh1.1, 0.89, 0.79TH
Y. LIGEW.

ChOEDERMRMS, MMGERAD VEREOEBEET. Ny EBED EhIGE
WwiEIbHh3,

Wi, 0=T7" AoOFHMEREH VEHELA Y., BElEY 0 =14 X U2 iKHE
ZHTHREU-RBREL R Fig.8.41KRT . REREOY - J{HIZ., =14 TL1.13. 0
=20° Tl1l.03THY. WwFhdFieg.8.3(a)D 0=7" REBEICHITIHICEAATE . F
. 14° AOMMESES VEBEBEHAVWTHIZLEI=20° LB 2REREOY -2
fHIX1.06TH Y. Fig.8.3(b)D 6 =14° REICEF 3 HICHXATEW. Zh 5 DRI
Bod, AVvROBAMHAYED TRITL-HBRERED VEKBIE. ttoAHAD
HUyHBIIHLTH, NI REREL AREOEREREYET oL 2Abhr 5.
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Compensalional )
Shield (lron) Line
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: (Concrete) ’g l:;
sl I AT R

Shield Woll '
T

Fig.8.1 Example of compensational shield for straight duct and critical

directions of incident gamma rays

Experimental Collimator Shield Wall
Core \<<<<<<( Hole 2 {Concrete) (100 x 100 x 100}
(40.5% 344"%60") Az SE |
< g‘?‘ ,‘&%// 1//A§g . X
S "-M_’_f.‘“ ) : (Air) L §BJ :
waten){ 7777 777P A (AL ] / B :
150 »7 150 //go 71 / ’._ e
4 ca0 10—

Core Tank / [ Concrete) Y v/
Dry Shielding Focility

Dimensions n cm

Fig.8.2 Experimental arrangement of straight duct with compensational shield

Table 8.1 Elemental composition of concrete

(g/em®)
H 0.015 S 0.0020
C 0.0083 K 0.038
(o] 1.199 Ca 0.154
Na 0.039 Ti 0.0045
Mg 0.014 Mn 0.0012
Al 0.129 Fe 0.052
Si 0.714 Ba 0.0026
|3 0.0014 Density 2.374
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- x Without compensalional shield
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Fig.8.3 Measured dose rates behind shield wall with straight duct with and
vithout compensational shield
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Fig.8.4 Heasured dose rates behind shield wall with straight duct with

compensational shield designed for 6 =7°
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WOE dTHTESBCHIIARHFEOHANS

hEFHIY 2 Y — MEBRBICH T 2HRBMBERERKORAREA Ty FRAY v N
EEBBILOVWTRARZ. RFIZ1MevOREFL L, a2V 2 ) — NEKEDEX1I80cn,
FIty NEERBORRICHIT. AV vy FEiElen. AY y FARBRELE, 2V
U PR THEEIETableS. Lo R T ALLen b DF — 299,00 S @@L A, HlkEE
DR EFig. 9. LRT . EREBEOH X 1E150cnTH 5. BREFK, ABEIRT L1, No.l
AUy FAOEEN2ZAY v FOBRFREBRBEHAOEREMIC. EEAHOBERFAL LT
Wi, BRBOHERIEAY v FOBHERICE U lcoll X 150cuF X L L. E#{ttED
RIS X UHEEERED THEEZIEMORSE~-GGa—-K®? Mk, BRUER
EBOILGICKA0 Y TH 3. BB ONMIZ0. 2MeVA LORPHFIC L IR BERICTH -
e

fHMGERB OB U,, U,, U,, U, BB3BTRLEA Ry FIEEBBEORYMF
BIETERRTRD B, kO THWMBABIL. Fie.3.1505 1 ¥ D, @F M pe, T,
54D, DT , TThEThRRT 3,

_ Fcon T
Uy = 2 (frpe = Fgop) o
— Econ W
V2 = T~ ) o
Uy = 9;23 ﬁcfn T (5. 3)
(Fey — Econ ) )
U4 = 9:,23/:‘_0(3.“1-
(e — Econ ) (9.4)

AHETCIE, IcalB X 150cnH X DERFEN S D14 eVREF A2V IV U-RICEBEAHL
ERED0. MV LDOEHETRERDBEHE(E : RETOPLEBEIRLTORI) %
MORSE—-GGI—-KTHHL. AHHOEMRBEFICHYT 30> — F80enBiic
B 2HPHEFREROBENS, VI U - FOFHRBEB UL on =0.0601cn™* & L
7=

BOTFHEBRB L. MLOKET’ COXTHETFREROMBELN ST, (T)) %
ROTUEQDRTHEL. T’ U %58, (THEAVWIZIEKT S, 22T,
B (T7)E EROEMRITE AV EREEHKE ULMORSE — GGHAIZK 0. 206V
L@ﬁ¢&%ﬁi$mﬁﬁ@uﬁﬁﬁ@@@&ﬁéﬁhf@ﬁﬁM%iw‘E&&ﬁ%
coBB T D e, (T')DM0.1829co™ L L. Uik 24.3cnk L. Uk (9.2)RA M 50.7cn

L Ui, Us. U ORETH. LRIFICETS 6, = cos’ 75 161 O i o 1 7 B

L

A

RORHEND. p, LEROKETE, EROTa) =0.290ca™ L L. U,k U, %k6en
e Fe Fe




rlLE.

ERBREH BT 3478y FAY v M EBRB(LEIHEOBERER X BFT 3R
LHEMEBO R VWEBR)ORBRL SV EBBEORBEO L EFig. 9. 2RT . FHEER
DHRVWA TRy FAY y FIEEBRERTHORBRII ANV EEED TR ICHATH1H
BWEERUEDN., RERLET2R40REBRY XV EBBORBRODHIIL0.5~
L.ooMizam L. T EREICHT 28R O#EHEN RENE,

BOIBWUEBAO L E W IIUH¥— (H0.8MeV OV U T O FIc /T 2 BRI
AREEROZVWVHEIEYHT. BT Ic T 28MERMICIZIRERNIAE < HD
FIWREDMNERHBAEYTCH eI 3, Tabled. 2ICRY = F L » EKRREY
WA= LADKRAERE2IVIU—FLKDEREUBUTRT. KUZFL U LKARR
{EoNA=ZY LADKREERE IV I U —FDERICHATRKTH B, 2DIH. KK
TNAZYARBREHERIKAE O | NeVEROEPHTICH T 2HMEBHL LT
HLEMTHILMEEIAS. T2, KRIETZ VA= LADHEEIITabled. 2ICRT L DL
YIY—FOM2BTHIILID. HUTRIH T IHEMERHL LTI EHTHI L
#H#AHh3. b, FFHAR TED) TR, EHEBL—REBELOMOHRUEME X
R—IV YT 2RHAROEBRAL LT, BEXHMaadKRIES VAT ANENBRE
DEBICHWSATWS (M), T, SIIBBHETICHTIRNFERASAE . Brbk
FRHFIEBMO LIS LTHETBNZY, Tabled IKRT IV I U — FOBBTHR
(H,0,Na,Mg,A1,Si,K,Ca,Ti,Fe) D C. $kik. BApHEFICHT I RIS EERSIKEL. B
ORBHETHEHRCTOBRIANER L RINGERL QIR ENWI LS. av 2 Y — hER
BHORBUMRBOBRBHEFICHT I2HBERH L L THEHTHILWREINSE.,
O, BMREBHLLT, RORAVRKUZFUYVERAWS, B30WREF I EPRY v b
DEILESVOSA v TeTzricky, BT, HEAT VYR IUVEBE DX
L2 PR T B LHTARTHI2LEALI S,

Table 9.1 Compositions of materials used in

Monte Calro Calculations

Material Density Element Composition (in units
(g/cd) of 10**atoms/af)
Concrete (43 2.26 H 13.75
0] 45,87
Al 1.743
Si 20.15

(s9)

Iron 7.88 Fe 84.9
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Table 9.2 Density and hydrogen content
of shielding materials

Material Hydrogen Density
content g/cn’
g/cm’

Polyethylene ) 0.14 0.96

Concrete *¥ 0.022 2.26

Zirconium Hydride 0.10 5.6

Vater 0.11 1.0

Plane Source

Fig.9.1 MORSE-GG calculational geometry of concrete wall with offset slit

with iron compensational shield for fast neutrons
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i o without compensational shield |

e with compensational shield
— -
————— o\
o—~ —
lO E" /// \\ ]
| y \,\ -]
= // \\ -
5 j // \o\\ —
/ ~<
'
7
7

— O/ —]
= | — e ——=" —]
=) - - 7]
a- - T T e - B
05 |~ ST T ]

\
Plane Source
{ | | 1 | 1 1
-15 -10 -5 0 5 10 15
X {cm)

Fig.9.2 Ratio of fast neutron dose rates (>0.2MeV) behind shield wall with
and vithout offset slit calculated by MORSE-GG code for 14MeV

neutron source. T=80cm, W=lan, U,=24.3cm, U,=0.7cm, U,=U,=6cm.
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ppb PCOI\ Fcon { Brb (10.1)
P con + PeonT ﬂn( Becon )
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HYIROBAHTIXVF¥—0.5. 1. 2, 6, 10MeVILDWT. AV I Y — FEBEBEETS
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= 1.1 feon (10.2)
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SOHEMERBIIBOHMREREORELALLKAY y FEILRIT. TOXXUIEE3
BICRUEAEICEY

U2 PCOHW
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MERD S,

G33—-GPa—KT. HOHMMEREEETSEHAY v I & EREL VD LES
BOWHEOBRERLEHE L. HHOHEFig.10.210mT. HEIE. AHHNYTREOD
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FAEMREEYBRBLTIARI NV, O2HBL L. SSHRBELEREN S 10kl h 7= &
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IR FHRBLIUHN
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FEIUVBNEAESS TILo0T., ThSDFRHAABRBIC L 2 EBEHEOBETEH V.
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DTHLIEBDARI MIVENGL L. EX I hBIUHY I FOBERIT. EREE,
AHABICANV I ERETCORBREDBBERPSEIRIRLEFEBICTEDLI LN
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JRRANDHEERZICHBL., FFEM»SOH YR L EAEMBEIC AN EEERICE
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BEHOAHUBRUOFILENTR, BANKANV I EREBEORERLEAIEHLS
N, FHRUBRHOBEE: D ERBROTY TR, NIV EBBLASH2VWiEEH
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BEXD MM EEREE. BAY Y M EERE, S0 MIERKEE. MUY MM
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hz, ko FSRBRICEII 23020 - e VBEBREA Y TRODRE, HX Y Lt
EWEBICOWTG33-GPaA-K2¥AVWTHAR, PHE-AKETWTEDEHBEN Y
FEZUARTHHIE. ¥ HOOKRERII VBRIV IRICIIBERENMATS
NI BEBREETCORARBRUT L2322 ¥lHAeMILE, £, KEWERORKR
FICOWTHRBRFEO—BAZHASOFHAABRBEOLERT KBV EFHONRICY
., REVWERKOBRFO—BAFHAUBRBEOLERT 2REBICEVTH. FHAUER
B EEREOEBERE ANV EBRBEOEBEBIISFL{TEZZLEG33-GPO
—KIL&k3HRTRLE.
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AWMHFETIE., FHMRERE. ¥IPKODWTEHIY I B, XUy FIKDWTRERAY
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EHETH S L ERFIE. Fig.1.1, 2.1(a), (b)), (cIKRT IRy FSHRKR.
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Table A.1 Recommended value of the maximum diameter of straight duct and ratio

dose rate between front and rear surface of bulk shield wall

T E Dose attenuation in bulk wall Maximum diameter (cm)
(cm) | (MeV) 1.5° 5° 15° 30° 1.5° | §° 15° | 30°
0.5 | 1.4-5%| 1.4-5 | 1.1-5 | 4.26 | =™ — | — | —
1 3.1-4 3.0-4 2.4-4 1.0-4 1 2 2
2 3.3-3 3.2-3 2.7-3 1.3-3 1 3 7
75 4 1.5-2 1.5-2 1.3-2 7.6-3 1 4 13 15
6 2.5-2 2.5-7 2.2-2 1.4-2 1 4 13 15
8 3.2-2 3.1-2 2,8-2 1.9-2 1 4 13 15
10 3.5-2 3.5-2 3.1-2 2.1-2 1 4 13 15
0.5 1.6-7 1.5-7 1.1-7 3.5-8 — - - —
1 1.2-5 1.2-5 8.5-6 2.9-6 — - — -
2 3.4-4 3.3-4 2.6-4 1.1-4 1 1 2 3
100 4 3.1-3 3.0-3 2.5-3 1.3-3 1 5 7 12
6 6.6-3 6.5-3 5.6-3 3.1-3 1 5 14 15
8 9.4-3 9.3-3 8.0-3 4,8-3 1 5 15 15
10 1.1-2 1.1-2 9,5-3 5.9-3 1 5 15 15
0.5 1.7-9 1.6-9 1.0-9 2.6-10| — — - -
1 4,5-7 4.3-7 2.9-7 7.3-8 - - — -
2 3.5-5 3.4-5 2.5-5 7.6-6 - — 1 1
125 4 6.4-4 6.2-4 4,9-4 1.9-4 1 3 4 1
6 1.8-3 1.8-3 1.4-3 6.3-4 1 4 9 10
8 2,9-3 2.8-3 2.3-3 1.1-4 1 4 10 12
10 3.7-3 3.6-3 3.0-3 1.5-3 1 5 12 15
0.5 1.6-11{ 1.,5-11| 9,0-12( 1.8-12| — — — -
1 1.4-8 1.4-8 8.9-9 1.8-9 — — - —
2 3.3-6 3.2-6 2.2-6 5.2-7 — - - —-—
150 4 1.2-4 1.2-4 8.7-5 2.8-5 1 1 2 2
6 4.4-4 4,3-4 3.3-4 1.3-4 1 3 5 6
8 8.1-4 7.9-4 6.2-4 2.6-4 1 4 8 10
10 1.1-3 1.1-3 8.6-4 3.7-4 1 5 10 15

* Read as 1.4X107°

s+ Smaller than 1 (No recommended value)
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Table A.2 Recommended value of the maximum width of straight slit and ratio
dose rate between front and rear surface of bulk shield wall
T E Dose attenuation in bulk wall Maximum width (mm)
(cm) | (MeV) 1° 5° 15° 30° 1° 5° 15° { 30°
0.5 1.4-5%| 1.4-5 1.1-5 4,2-6 3 3 3 3
1 3.1-4 3.0-4 2.4-4 1.0-4 3 3
2 3.3-3 3.2-3 2.7-3 1.3-3 5 7
75 4 1.5-2 1.5-2 1.3-2 7.6-3 5 7
6 2.5-2 | 2.5-2° | 2.2-2 | 1.4-2 9 { 10 | 10 | 10
8 3.2-2 3.1-2 2.8-2 1.9-2 9 10 10 10
10 3.5-2 | 3.5-2 3.1-2 2.1-2 9 10 10 10
0.5 1.6-7 1.5-7 1.1-7 3.5-8 2 3 3 3
1 1.2-5 1.2-5 8.5-6 2.9-6 3 3 3 3
2 3.4-4 3.3-4 2.6-4 1.1-4 3 5 5 5
100 4 3.1-3 3.0-3 2.5-3 1.3-3 5 5 7 7
6 6.6-3 6.5-3 5.6-3 3.1-3 5 5 7 7
8 9.4-3 9.3-3 8.0-3 4.8-3 7 10 10 10
10 1.1-2 1.1-2 9.5-3 5.9-3 7 10 10 10
0.5 1.7-9 1.6-9 1.0-9 2.6-10 1 2 2 2
1 4.5-7 4.3-7 2.9-7 7.3-8 2 3 3 3
2 3.5-5 3.4-5 2.5-5 7.6-6 2 4 4 3
125 4 6.4-4 6.2-4 4.9-4 1.9-4 4 5 6 6
6 1.8-3 1.8-3 1.4-3 6.3-4 5 6 7 7
8 2.9-3 2.8-3 2,.3-3 1.1-4 6 8 8 8
10 3.7-3 3.6-3 3.0-3 1.5-3 6 8 8 8
0.5 1.6-11 | 1.5-11 | 9.,0-12| 1.8-12 1 2 2 2
1 1.4-8 1.4-8 8.9-9 1.8-9 1 3 3 3
2 3.3-6 3.2-6 2.2-6 5.2-7 2 3 3 3
150 4 1.2-4 1.2-4 8.7-5 2.8-5 3 5 5 5
6 4,4-4 4.3-4 3.3-4 1.3-4 5 7 7 7
8 8.1-4 7.9-4 6.2-4 2.6-4 5 7 7 7
10 1.1-3 1.1-3 8.6-4 3.7-4 5 7 7 7

* Read as 1.4X10°%
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Table A.3

between front and rear surface of bulk shield wall

Recommended value of the maximum diameter of slant duct and ratio of dose

rate

Dose attenuation in bulk Maximum diameter (cm)
E .vall, vhere incident angle Bulk wall thickness
equal to 0° Tscn 100ca | 125cm | 150ca
(MeV) Bulk vall thickness Slant angle
75cm | 100ca | 125¢cm | 150cn 15° | 30° [ 15° | 30°| 15°| 30° | 15°| 30°
0.5 |1.4-5%| 1.6-7 |1.7-9 |1.6-11| — 1| = =] =1=1-=1-
1 3.1-4 1 1.2-5 | 4.5-7 | 1.5-8 3 4 1 1 - - - -
2 3.3-3 |3.4-4 |3.6-5 |3.3-6 10 14 3 5 1 2 - -
4 1.5-2 | 3.1-3 |6.4-4 |1.2-4 15 15 10 12 S 8 21 5
6 2.6-2 | 6.7-3 | 1.8-3 | 4.4-4 15 15 15 15 9 13 7 12
8 3.2-2 |{9.4-3 | 2.9-3 |8.1-4 15 15 15 15 10 14 8 13
10 3.5-2 | 1.1-2 | 3.7-3 |1.1-3 15 15 15 15 12 15 10 15

* Read as 1.4X107°

»» Smaller than 1 (No recommended value)

Table A.4

Recommended value of the maximum width of slant slit

between front and rear surface of bulk shield wall

and ratio of dose

rate

Dose attenuation in bulk Maximum width (mm)
E vall, where incident angle Bulk vall thickness
equal to 0° T5¢ca 1 100cm ] 125¢cm l 150cm
(MeV) Bulk wall thickness Slant angle

75cm | 100cm | 125¢cma | 150cm 15° | 30° | 15° | 30°| 15°| 30°| 15° | ‘30
0.5 | 1.4-5™| 1.6-7 |1.7-9 | 1.6-11 3 3 3 3 2 2 2 2
1 3.1-4 | 1.2-5 | 4.5-7 | 1.5-8 5 5 4 4 3 3 YA 2
2 3.3-3 | 3.4-4 |3.6-5 | 3.3-6 S 5 5 S 3 3 3 3
4 1.5-2 }3.1-3 | 6.4-4 | 1.2-4 7 7 5 5 5 S 4 4
6 2.6-2 | 6.7-3 | 1.8-3 | 4.4-4 7 7 7 7 5 S 5 5
) 3.2-2 1 9.4~3 | 2.9-3 ) 8.1-4 10 10 8 8 7 7 6 6
10 3.5-2 | 1.1~2 | 3.7-3 | 1.1-3 10 10 8 8 7 7 6 ]

* Read as 1.4X107°
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