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Shielding Analyses for Design of the Upgraded
JRR-3 Research Reactor:2

—— Shielding of Neutron Beam Holes ——-

Takeharu ISE, Takeshi MARUO+, Yasuhiko MIYASAKA+,
Masahiko ISSHIKIT, Toshio KUMAIT and Hideo NARITA™

Department of Reactor Engineering,

Tokai Research Establishment, JAERT

(Received June 26, 1985)

Shielding analyses of neutron beam holes have been presented for
the shield design of the upgraded JRR-3 research reactor. Description
is given about the calculational procedures and results for the
standard beam hole, the beam hole for neutron radiography and the guide

tunnels. The streaming analyses are made by using the MORSE-CG and

DOT 3.5 codes.

Keywords: Shielding Design, Analysis, Beam Hole, Research Reactor,
Upgraded JRR-3, Monte Carlo Method, Discrete Ordinates
Method, MORSE-CG, DOT 3.5
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b AEBRILEE2 2Rt LT EF Y V 2y e MIZEB LT 5o —fiH
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radiography beam hole | 7 R) 231 fl& 5. T - #h i FiRE ((thermal neutron guide
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W5 J4 75 7 4 i — L ERILOKEHER S REREORZK 2 812, HRAOND
BAM 2 0ITRT, MEE B —AERLEBELTH SN, C—LF o~ TREPFLEL
DEDECEARNEESBCEE, BET TSRO0 ) A —sicy—— O LILICHE -
T -T0E) SN TUDCERUE — Ay v vy — L FEREICE > T 5 T EAR o
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T abo (BEH3GE/ m® ) XHEEDTY, EhekyrFsEa Y (B v F K b
AbEa vz ) — o steel shot heavy concrete | BEH 5 0 g/cm?) WL ETE S,
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O7KE IR (aluminum window) &, 7o iA&dE (A5052) B &7 7 7 (rotating
shutter ) RUES7 7~ (vertical 1ift shutter) i3, SUS 3048, F— ¥ {JHEFLA
j — 7 (tapered collimator sleeve) t, SUSBMEUFRoYF4 74 F (boron—nitride)

w1 ; thig il (neutron shield) i, B,C & x#+ Vg & DR,
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Fig, 2,1 Isometric view of the reactor pool
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Canal

Reactor Pool

|

_

Pool Wall

Fig. 2.2 Arrangements of neutron beam holes in the reactor hall
(plan)

1G : TND(JAERI), 2G : TAS{JAERI), 3G : TOP(JAERI},
4G : PNS(University), 3G : HNS(University),
6G : PNS(University), 7R : NRG(JAERT)

Designation

TND : Twin Neutron Diffractometer
HNS : Hybrid Neutron Spectrometer
TAS : Triple Axis Spectroscopy

TOP : Neutron Topography

NRG : Neutron Radiography

PNS : Polarized Neutron Spectrometer
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~1

Dimensions in mm.

Vertical section of the reactor
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2.0 ERHETEE

wEt T, RREZSY HALETR BFFES) 0T, AREGHKIEZZTLOL
3C,%ﬁ%%%czkQEE&U%E%ﬁHE%%ELTBE%HL,ﬁ21mﬁbtm§$
BEETHH TS, CORTRLUAEZETORLICHVWSEDTH D, ILHE A DRIRZEDHAR
M, EEOBESNIBEBRESOTTI T LB Ty A, REgd LKA 214 (8
FIF R — VRO E — b ) RS,
FERAHESRET L - L EREE FIAIKL 28R K80 Th, &4 DFHEEDEE
KHEOT, PRAEECE SO TEY G SERBGEIET O L L LTV 2, AREE TR, M
ARUTHET 477 7 s Ao — A ZBARKCE, REERAOCEEFFESINTE L
LT, e — Lt LTER 7S 7 2RE L, BicEERAE (auxiliary shield) Z23%E
LiBaThd, —HH4 FrrianreBoTiEd, DEFEEFFRIHEINTO 2KELRELT
(F5bb, - LEZRILILEKR 77 /7 LTEVRETH D)
BEEIFMIC Y > TO, HERHE, SMEE~OERFHII ,IMW@%WW;@a¢M®%
@1 28T B ANSI/ANS — 6.1 1 (1977) £Av5 (Waic, Resmost'” ©
ICRP @ Publication 21 BT 3),
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Table 21 Design criteria on dose rates for shielding designs in

normal operation

r Design criteria
Area Types of access
on dese rates
I Accessible within 48 hrs. Below 0. 6 mrem/h
per weex
I Accessible within 10 hrs. Below 3 mrem/h
i per week
i} Accessible within 5 hrs. Below 6 mrem/h
per week
v Not allowed (due to Exceed 6 mrem/h
| high dore rate)

See Fig. 214 for the areas where the design criteria on dose

rates are specified.
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v

i

Guide Tumnel il
ﬁ . B gSp?lt Fuel%
Spent FL:él %Storage %
Reactor  [eanai{|Storage Ell = =
Pool Fond |

Reactor Hall { Ground Floor in Reactor Building)

Beam Hall

Guide Tummnel

Beam Hall {1st Floor in Experimenter Building)

: T 1< 6 mrem/h

I :=3mrem/h
I :<6mrem/h

IV: >6mrem/h

Fig. 2.14 Dose rate criteria for shielding design
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T iC
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Fine group cross section library with the VITAMIK-C
format (171n,36Y)

Cross section processing code for a link between

the VITAMIN-C library and the transport codes

One-dimensional Sy transport calculations with
fine group cross sections for calculation of

collapsed cross sections
Two-dimensional S5y transport calculations around

the reactor core using the collapsed cross sections

Coupling the interface between the DOT 3.5 and

MORSE calculations

Three—dimensional Monte Carle calculatiens for

a beam hole

Sy calculations of dose rate distributions around

a neutron heam hole

Schematic diagram for shielding analyses of a neutron
beam hole
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Table 3.1 Energy group structure of collapsed cross sections
Energy Energy group Upper energy
group numbert of group boundary
number DLC — 41 structure eV

1 1— 21 1.7333x1¢07
¢r 2 22— 46 7.0469x10°
3 47— T1 21225x10¢
4 72--107 57TR44X105 |
|
Neutron ;
5 | 108—129 7.2000x10*
¢epi :
6 | 130—151 37074x10°
7 152—169 47851x10
G 877 170—171 41399x1 0
1 | 1— 4 14.0%10°
2 hb— 13 7.5x 108
3 14— 18 3.0x10°
Gamma 4 19— 22 1.33%10°
— ray
5 23— 24 0.6x10°
6 25— 30 0.51x10°
7%%) 31— 36 0.1%10°
%)  Lower energy group boundary . 1.0X107° ¢V

* KD

Lower energy group boundary

10010 10° 2V
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Table 3. 2 Flux— to — dose rate conversion factors

Energy Conversion factor
group
mumber rem /h/neutrons or photons /cm? « §
i 1.4891x10"1
E
2 ! 13623x10 ¢
3 ! 1.2334x10°¢
4 52428x10°°
Neutron
5 7.1416x10°°
4] 3920hx10°°¢
! 7 L4780%x107°
8 36837x10°°
1 : 7.87656x10"°°¢
7 | 51399%10"°
Gamma
1 3 31736x107°
— ray |
4 i 1.8341x10°°
5 1.2708x10°°
6 ¢ 6.4674% 1077
7 20473%x10°7
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‘Table 3. 3. Material compositions for shielding calculations around the

reactor
Material Atomi_c Atomic density ©
element (atoms /barn » cm)
H 31188x107°
0 1.5594x107?
Core { fuel) Al 3.0039x107°
| U 1.4243x107"
| 7] 57142x10
H 23958x10
Berylium reflector : Be 7.8319x107
0 11979x107
Mg 1.4828%107°
Aluminum alloy (A 5052 ) Cr 4.7285x10°°
Al 5,8254x107F
oney water D 6.6493%107
O 33247x107°
Light water —-H | 6'675‘9X1 D-é
0 33380x107°
Steel (SM41B) Vo G163 810™
Fe 83105%x107°
H 59991x107°?
O 23474x107°
Fe 24481x107°
Si 36662x1907°
Heavy concrete Al 1.4675x197®
(density = 3 54 g/cm?) cd 40389x107"
Mg 2.0624%107"
Ti 26009107
S 20749x107*
45633x10°°
Mn 37820%x107°
Heljum gas He 26933%1 0

1

%) Read atoms.barn * cm as 10 #atoms. cm®.
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Table 3. 4 Material composition for shielding calculation of the

neatron beam holes

atomic } atomic density !
Material ‘ ) !
element | (atoms / barn - cm) !
S— i
H | 1.2455X107
198 ‘ 1.6867x107*
"B | 6.6706x10*
! 0 | 21003x107
| Mg 52031%10°*
Steel shot heavy concrete Al 20087x107"
(density =5g/ cm?) : Si 1.7368x%x107°
S 15215%x107°
Ca 27946x107°
Fe 30266x107°
Ba , (15348x1 073
F 95002x%107°
N 43365X10°°
Air
O 1L0176x%x107°
C 57081x10°
18 £4104%10°3
Boral
ng 1.7439%1072
Al 45311%x107?
51 . 35332x107®
N 5 1.6002X10°
0 | 6.2047%] 07
Neuiron shield
1R 90828x%x1073
g 304R88%107¢
C 40455%x1078
Lead Pb 32796x1072

%)  Read atoms . batn ¢ cmas 10 atoms./cm?® .

*%) neglected in calculatien .
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" Table 3.5 Material composition for shielding calculation of the

guide tunmel
Atomic Atomic density
Material %
element (atoms /barn « cm)
| B L 94101x107
: |
* uB 10644%107°
@] 4.5382x107¢®
Pyrex glass
Na 17337x107)" %
Al 52696x107
Si * 18109x1 072
| H 57166x1077
O 439044x107°
Mg B.5540x10°°
Ordinary ' Al 2.2897x107*
concrete
(2 3g/cm®) Si 1.9040x1072 ‘
! |
i |
S 30244x10°°
Ca 1.2742x107¢?
Fe 67911x10*
— |

%) Read atoms./barn *cm as 10%* atems ~cm® .

¥3%)  Used 1.0X1072% for calculations .
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T, A E - ARBRILAME (1G~6G K22, K25 RUK2 65K ITHLT,
B ESENEENT, BOBRANST 7 S SNTOSESICBT 5, BREBHEAT 5,
BT S S ERTOECES, AL, DT &L 2R LTV AEAE, £ - A RRE
B AR ER A OER R R R L 5T 5 CEL TV ADT, L CTORID
WHHREELIZ0,

4.1 FHEHR

BRFE 7 — VAD E — 2 ERICMORSE -CG 7 — FA&@A L 70 7' v TORERRER
41 EEBHILAEVE LIEE) KUK 42 (EEEEANHE L L LER) IRY, BE
%%%®¢@,ﬁ%ﬁ%%ﬁ%ﬁﬁm,TmbB%mﬁvaMé%mtttuﬁA&UﬁBd,
%V%ﬂwmmmﬁﬁéﬁﬁéﬁ®T,C®@ﬁmﬁﬁé$ﬁ¥&ﬁﬁyvﬁ®ﬁﬁﬁﬂ%éﬂ
. ACH, ODOT 3 SHEAOREDHHIKEBEAIBOLNLERINATES . TOX
£ OREETOREGES, &4 ORI THERT ARCHETE AT SsLREL, DOT
3 RTEOBERAEE L,

[ FAF T - MBI E — AERILE, FLL D #E AT 50T, MORSE - CGAtRER
P oOBREEAZYT, RZERICEFMELIEZDOTISHEEIT2, CORZEFRE Fig.
43t BEBHILOERICRL FRCEETSH . MR —Licds 28877 714,
MicqRd ke, £5 v (€& 1/4in ), diEFERkAk (EE85cm) RU#H (R 15cm) T
BB, ¢ CIEHEERESE UTISAE Vi, BT 5 70Ol iE, FicEEORVE T
H—wADED % ) —F (steel shot heavy concrete, BE 5 08/cm’) & Lo T DRk
TS A As 4T EIEATE . T oftic, EiT 7 /M B RUHERT 7 78 C biRex
%&?5ﬁ,%$%Hﬁ&&ﬁﬁﬁﬁﬁﬁfﬁFMA&&@E%H@T,ﬁﬁ%%%%?%mﬁ
NBZEITT B,
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Auxiliary shield ( iron)

206. 90
156 80 _F 6
155, 90 3 1
Bty N
5 ¥
- \\ thick
140. 90 —F Lead ( 15 cm thick)
i
miffitls
7 (em) O 2\ Aluminum alloy
105. 96 Il
0390 i~
il 4 ﬁ Neutron shield
milihi
| 3
78 90 ——E Steel shot heavy concrete
55 90 _ [
B4, 90 —£
i Boral (1/4 in thick)
L gl
L H T void
A4y R - 5T 0 O O S O B
S ool D W &
Neia) — — .

Fig. 4.3 DOT computational geometry for radiation streaming
analyses of a standard beam hole with the shield
plug A
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4.2 EE&ER

4.2 1 EE7 7 Vol

W) R T TMADES

R - LERILICBHE T AR ERHTLORBEEE L - L BAONEFRUA Y TH
DRy FvEEL] @Ry oI KA 1 ORIEAA) RUFL 2 (BFF 77— i
Fit. CHODERTRIATNEF, S D, L3, ¥ 7 2 v oEk0fEt 8% ( Fractional
Standard Deviation) ¢, E#EEZEAEFEE TH -7 b0 & LTERS N, DI AOS L
T NO TREDE . ‘

Eky v HMORCETE 7 — B TOPUFRET V<O A7 VRS 5o ik
Tk, Fig 4 4IORTEHIC, FIHEROTER XY P LOBEEATREL T 50 =4
;’J.-yvﬁ’ﬂi, Fig 4 5iCRT EHIE, BEDR Y b+ NOBAEATHE LTV B, T
b, WISHORSERLOR Y - v/ TH, BAHRRA R P OBRSEVE SN LE
AL TW5,

FEFANL (BCBASERLSATOSELE) 2B 5E LABAD, R - LHOEK
5 v 7 HTHC B it A% Table 4.3 10, EFHE7 - b0 B 2% Table 4 4 1RT, RE
M LOEBAENLHIC, FERNALOGHD & E DAY FADHERE L2070, Fig 46
(HEET) ROFig 47 Wy =if) T, BAF7— lilickd 5T 5o BETLADEK
iR IR SR O F BT S e L, 2 ICPEVRIES B4 ¥ < 7o,
BV R OEDEMLTO S,

TR - VERCERILED , THOLERT 7 7 ORERFEENEFig 48 (METR
U Y < OBEE) IKRnt, B b T ERE SR 0T BT Eiihh b, RERFL
(€ CCHBRADA - T 5 & Liz) ORBI-WTRIT L ROHFig 49 (DETHREHR),
F@AJO(ﬁ77ﬁﬁ§$>&UFE,4H(@@§$)T%7G‘Eﬁ@%ﬁWQ%*(Eib
HITH B RE RN E) O TRELOHSEEBETI TV A4, 4y v ERBRIER
PR TS0,

MR RO & LT, £ - AERFLOERIC LT E Lpfz0siTable 4 5 TH o, CHIC
EFERTLNLE FOGER R UERGRE (ERADLE LB TETATOBM) ARSNT
Y-

O TS THBOES

T 7 SMBOWA I, R LT Y B0 EEELT, BETACT YA v FEN
oo TR & DA E A1 < ORBEREFig. ¢ 12108 T, HERRORRLERR
M% Fig. 4. 13 (hHETRERE A ¥ <SHERE) RUTig 4 14 (&REF) IORT.

Fig 4 15 i, k7 7 7D LEicit > T7 9 v  LEBEHR TS 5. METIRILTE
ik FEREA DS H v wBUct LTI, SRR S LR BT A C LT oflicREn
TW5, CALOEES S, #7577 ThLi LoRRER, LITOEDTH S,

g ES 4 11 mrem/h
H v e i EE 0. 084 mrem /h
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EHRF 4.2 mrem/h

¢y SRR T 7 IHCORa

COEGT S I, RO @D T Y ADEOREESE L THIR L, Fig.d 16
RS , eSSy FHR—LABEI VI ) - TE— AROEHRAEZ 5, HEFESE
% Fig 4 17 (PETFERELE A V< RBRE) RUFig. 4 18 (RRBE) 1R T,

I Fig. 4 19 TR T, o0 S, Y FADEI VI Y — P EPUT T
@I L TENE B TH B C L Wb b o BEBREPHTROSN Y < bE LERET
4, £ LT, #7570 chois EogaRil, UFoE) Th b,

hit: T-fHES g 56 mrem/h
H Y v HERER 0. 101 mrem/h
SRR g 7 mrem/h

6 ERT 7 THORE

iR L7k 75 3 EOMRERLIC DV T, Table 4 6icd SHic, PHTREBROM
sic LT, PIETERR (BCAE R+ vl TED 2 60) BRIV TNT, TDEHS
MEER T 5 T A (PHETFERRKSS em, #15cm) DHAEPRGRL, RICERT 7 7
BoOHEEHRV,

— K SR LTI, S0 0ERT S FMB (88 15cm, ok TFEkA T0cm, &
15e¢m) QM ESHIELE, RKESHEREOE Y7 ) — P EROERT 7 7#C G F R
—WADEI Y Y-k 85cm, Hl5cm) DHESGEHEL,

LABERBOWEO S, LI, BT 7 IMBEROREL, KITERT 7 FHMCPRV. Tho
DT EmS, BIEREORTTIE, BR7 7 I/MOBy A 7ECoHAT7EMRELT BT LD
p A

Fig. 2.5 TRl Hic, —BAC -2 RRILOER T 7 7 BEIEGERTH 50T, KRIPIE
W75 /MTT I rEhTOTh, BT AL THLE— ARRTL (EEERA) ZE-T,
WEHER b U — 3 v /AE L AT B Ei0, B 7 7 OHEREBH £ -5 —OFET
LI (B— 5 —iR7ER) b, RIBRICHEH 2 MU - 3 v 7 U B ElRetk D b Table 4.6
KM,Cﬂ%@zbUfi77%@%%%%%(%%?5—A%%ﬂﬂ%ﬁ%%%jé&,%_
g HWERHOR b ) — 3 Y IRASOCERFA EREROT, EREBOBIRTLEIT EOT
KBBBETHA D

TGRSO (Fig. 2 581 7 + « 2 by — 3 v/ EOFEIL, Bl 7 7 KD
DOT 3. 5 ®RZEA BT #ICHE 5T & 3 BEER b hvoT, RITRFRTERE (Line
~of - sight method ) DRI E »TiTotco THOBEIRY G %, EXEBS 7 bOBORY
AODDWBRETDE, ¢ &g OBFERE, FHMBEERELT,

= tan ™t ( ) {4.1)

T
Z

N

1
2

3

P
Do

) oz, L OEEREREOERREBELS QR P )= vrHEES, Thid 0.28mrem/h D0,
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TE DL, T 0IC, TRUWE, S4EROEIRCRECESTHY, 2RV 7 POERETHL.
T, W, ZdBEERILT, £h¥t, Tem, 12¢m, 00emThh, T—y HERT, TN
#i, 20cm, 28cm, 45ecmTH S,

Table 4. 6 ASEd & 5, HWT T 7LADMS 5 OBNICLEBEFOFNE D, £ -5 —
I FOTRICE DO B RAAKLDT, BEERILY S ORAZERT 7 74T
WO LTH T EHSEE L, COBADE -5 BRI 577 713 T TE#ki#F25em
teM0cm] T, MORTEE LS icHOAELCBrNE, RSO, Fig 4 10OREHIR
mokbic,

ﬁ,ﬂﬁf%fB&Uﬁ%fﬁ76®mmﬁﬁwégb@¢%?&ﬁﬁyvﬁ@z&abma
Table 4 TICFd s BT AE—OHT, O 101~ 0 (10%) Op#HTHE (n/cm’-sec),
TxRFE-T, O (10" OFHTHRTCHLHI EBRINTH S,

4.2.2 FEBhERAA DRI

=4 0 1 ECRH Lickdic, BIEOHEFRE TILERY 7 7/ BAR S ROERMEREER LT
Wh, Lichi-T, COEBT I IBUAVLATNAE LT, O/ oLk O HE Kk
UEXIE 2O TRIET 5,

Table 4. 6 #5Ed L5IC, HY=BIdETOHOEBESSWT EE2EE LT, Mk
EELTE, F9hETERET, W H Y T BRI TH DE AR D ETWRET T »72. N
L ORI RA = LT Table 4 8 IR, £MTHVN OEREE, FHHERNORIELES
mrem /hAEBLELDTH Y, EVWHDENG, HEEEDIHD I EZERLILDTH 2o
HEFRPOMIE, Fig. 4 15 OFEEE» SHE L2 6D TH S,

ﬁ&@%ﬂmﬁﬁé%—5w%%%ﬁumﬁwéﬁ%ﬁ@%E%Qt&wﬁmm49K%¢0
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Table 4.1 Neutron and gamma-ray spectra at the exit
of the heavy water tamk in the standard
beam hole
Energy Neutrons or photons *
growp /cm? « sec F.5.D.
number
1 407 x 108 0. 899
2 249 x iC® 0. 401
| 3 2.63 x 10° 0.325 |
; ;
| 4 3.02 x 10° 0. 356
Neutron
5 250 x 10 0.326
6 5. 70 x 10" 0. 274
7 4. 80 x 10" 0. 163
8 5 38 x 10 0. 302
1 2.57 x 10" 0 196
2 3.61 x 10" 0. 165
3 7.15 x 10" 0. 208
i
Gamma-ray 4 6.47 X 10" 0 103 |
J 5 18 x 10" 0186 |
i
| 6 255 % 10¢ 0. 097
7 1,03 x 10% 0. 153

¥ Fractional Standard Deviation
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Table 4 2 Neutron and gammar-ray spectra at the exit
of the reactor pool in the standard beam hole
%itl;gzr ljzllﬁ;'(insse?}r phOtonS F S D
1 7.33 X 10° 0. 692
2 113 % 10° 0.331
3 2.62 X 10° 0. 373
4 2.46 > 10° 0. 351
Neutron
5 137 x 107 0. 170
6 2.22 X 10° 0. 133
7 2.16 > 10° 0. 145
8 8 70 % 10%° 0. 231
! 835 x 108 0. 312
2 6.00 x 10° 0 249
3 8 28 x 10° 0 144
Gamma —ray 4 6.65 X 10° 0. 085
5 2.36 X 10° 0.231
8 315 x 10* 0. 054
7 1.93 x 10% 0. 055

¥ Fractional Standard Deviation
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Table 4 3 Neutron and gamma-ray spectra at the exit
of the heavy water tank in the standard
beam hole with an irradiating hole

Energy Neutrons or photons *
group 2 F S D
number /cm?® = sec
1 297 x 108 0. 351
2 730 X 10° 0. 382
3 4. 20 x 10° 0.222
4 1. 26 X 10'° 0. 512
Neutron
5 234 X 10 0.137
6 6 47 > 10" 0. 147
7 125 x 10 0. 268
8 2 .41 x 10 0. 502
1 8 94 X 10° 0. 420
2 5 34 X 10" 0.219
3 1. 66 > i0*? 0. 485
Camma- ray 4 L11 x 1p*° 0.195
5 2,72 x 10" 0. 119
4 4.47 X 10% 0. 154
7 2.50 X 102 0. 276

¥ Fractional Standard Deviation
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Table 4. 4 Neutron and gamma -ray spectra at the exit

of the reactor pool in the standard beam

hole with an irradiating hole

g?(()ill;pgy N/e;;r‘lclrfrfsszg photons F S D
number

1 1.97 X 10° 0. 730
| 2 2 12 X 10® 0. 250
3 217 x 10° 0. 226
4 3.59 X 108 0. 169

Neutron !
5 L 24 x 10° : 0. 112
G 4,92 X 10° 0. 128
7 349 x 10° 0. 074
8 9.74 x 10 0. 190
i 1 232 x 10° 0. 580
; 2 776 > 107 (. 152
3 146 X 10" 0127
Gamma-ray 4 1. 03 x 10" 0. 090
5 2.87 x 10° ; 0.123
6 4.36 % 10% ‘ 0. 168

|
7 L 71 % 10" 0.120

% Fractional Standard Deviation
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Table 4.5

JAERI-M 85-105

Dose rates outside the shield plug A in
the standard beam hele

{mrem/h)
B iy
Position Neutron | Gamma-ray Total
Without an irradiating On the axis 1. 57 4,25 X10 4.5 x 10
hole near the beam tube ‘Ehgcar}r(tiirom 1 34 | 15 X10° L 9% 10°
With the irradiation On the axis 297 558 X10 | 59x10
hole near the beam tube 7.4cm from 9 53 L 47 X10° L 5% 10°

the axis
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Auxiliary shield
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Neutron shield
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B 90 =
L % Boral (1/4 in. thick)
_1
| Void
0. 0 IEH: [TV AR W N T B A I R
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O & = 3
O D O Hel =
[{elide] — P

Fig. 4.12 DOT computational geometry for the shield plug B
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Fig. 4.14 Contour maps of total dose rate in the shield plug B
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Table 4 6 Dose rates outside the shield plugs of
three kinds
{(mrem /h)
, At the center At the mouth of I At the mouth of%)
Na'mlfl Ofl Eémd of exit of the the unused beam | the crevice due
shield plug ose rates shield plug hole nearby | toelec, motor
. |
i
Neutron 1. 57 — i —
Shield plug A f Gamma-ray 4.25 X 10 — —
" |
Total 45 %10
Neut ron 411 117 X 10° 1. 40 X 10
1
Shield plugB | Gamma-ray 8. 84 X 107 1.42 X 107 | 5 13x 107!
| Total 42 L4 %10 15 X10
! Neutron 9. 56 7.51 % 10° 1. 39 X 10 f[
Shield plugC | Gamma-ray 1. 01 X 107 . 38 X 102 952 X 10
—
Total 9.7 89 xI10° 15 X110

Values of these dose rates should be multiplied 0. 38—fold when changing the size of

the beam hole from 12cm X Tcm

¥) BSee Fig,

2.5.

into 8cm X 4cm. See also Fig 2. 7.
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Table 4 7 Neutron and gamma-ray spectra at the exit
(on the center axis ) of the shield plugs

”B ” arﬂ ”C ”

( Neutrons or photons /cm?esec )

Energy
group Shield plug B Shield piug C
number
1 . 7.89 X 107° 4.34 % 107°
2 | 204 3 94
3 .93 X 10 | 4. 56 X 10
4 2.12 x 10 ! 500 x 10
Neutron
5 .87 X 10 467 X 10
6 | 320 X 10 698 > 10
7 | 139 X 10 350 X 10
8 1. 00 . 2.76
1 8.8 x 107 1. 57
2 437 3. 45
3 B. 47 ‘ 6. 93
Gamma-ray ' - 4 | 7. 34 .03 > 10
5 6. 87 1.06 > 10
6 152 X 10 247 % 10
7 1.43 x 1077 242 x 107
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Table 4 8 Comparison of shielding effects between
neutron shield and iron as an auxiliary
shield against the shield plug B

{mrem/h)
Kinds of auxiliary shield
Neutron shield {ron
12cm  thick 24cm’ thick 22¢cm  thick 4cm thick |
Neutron 5.6 X107 51 % 102 5.9 X 107 55X 1072
Gamma-ray 2.0 x10°? 8.0 > 107° 4, 8 107% 2.3 1071
Total 5 @ xX107! 59 X 107 6.0 > 107! 5.6 > 1072
Table 4. 9 Auxiliary shields against the mouth
of gap due to the electric motor
(mrem/h)
] [ o -
Neutron shield ‘- Iron |
| 1
16 cm thick 30 cm thick 36 cm thick | 60 cm thick
Shield 0.6 0. 0 | ] 0
plug B, C . . 06 6 . (06
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5.2 EHEHE

TS VA 757 4 FERIL (TR) ORTH 7 - vNERAED OdiE TRUA ¥ <8k
PDEBRBETENAE Fig. 5 4, SREEOZAE Fig. 5 5 WRT. PEFRUT /@&,
SJE'F&“/%\y9—%Bmyéﬂﬁ%ﬁﬁ}fg%bﬁiw%?%zb’cm%C&;bfa?ézn'a\%o iR eF v
CHEATLLE LA, ZBFHOT, BERKCRTLIR, TOERBEMS S LI IR
LBELUCW B, - 0BRSS NIE, Bk LT, ERIASGSOZ MY —IVIXIREEA

FUTE e
ER Y v vy —OHO (b)) ORERY,
UL TARER 8 0 x 10~ mrem/h
v = R ER 1. 66 X 1072 mrem/h
LRER 2.4 x 107 mrem/h

Ee A F o— TOMNEE, B v ¥ - ORIRUBICSS2PHETRUN v =fHDR RS b
LA Limmds, Table 5 1 TH B, &l ¥+ v ¥ — ORI TR 8 X 10%/cm? » sec
BETHIT EHbh B, £ oEBRILOTLE EOTBKS V7 H OB T4 7 — o
B BB RS VT BOR RS b LEE L, Table 5 2ifitfic Table 5 3ICR T, *
vEALaRBERERTHEEOT, F S D (METES) $—HIURLTH L.
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Table 5.1 Neutron and gamma-—ray spectra at the three positions

in the neutron radiography beam hole

(Neutrons or photons/cm®«sec)

Energy Positions in the beam hole
groubz at the end of the [before the shield | after the shield
num :
r i beamn tube shutter shutter
1 1. 60 x 16°- 1. 28 x 10% 5 19 x 107
2 1. 60 x 101'° 3. 20 X 10° 7.62 x 107°
| |
’ 3 1.15 x 10 8 53 x 10° 4 28 x 107
! 4 2,37 x 1010 7.78 X 10 2.59 X 102
Neutron | |
5 7.82 x 101 2 07 x 1068 1. 80 x 1072
B 2 43 x 104 4 01 x 10°8 1. 94 x 107
7 4,00 X 10" 1. 45 X 10° 751X 10°°
8 5 72 x 104 2 51 x 10° 7.17 x 10
1 1.11 x 104 8 20 X 10¢ 1. 17 X 10*
2 | 9 14 x 104 1,23 x 10°® 1. 10 x 10°
3 2 46 x 101 4 88 x 10° 2 23 x 10°
Gamma
ray 4 324 x 10 5 76 x 108 1.03 x 10°¢
5 8 62 x 101 .52 x 108 B 05 x 107
6 1, 55 X 101 3.02x10° L6 67 X 107
7 1. 77 x 101 1.83 x 108 1. 87 x 10
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Table 5.2 Neutron and gamma-ray spectra at the exit of the

heavy water tank in the neutron radiography beam hole

Energy Neutrons or photons *
group 2 F S8 D
number | /€W’ sec
1 5. 47 X 107 0.413
2 1.53 x 10°® 0 414
3 543 X 107 0. 590
4 6. 42 X 107 0. 858
Neutron
5 6.90 > 10° 0. 965
6 8 77 x 10* ; 0. 323
|
7 6. 85 X 10° i 0. 586
8 5 45 X 10 0. 651
1 | 1. 50 X 101 0. 111
2 202 X 10" 0. 062
|
|
3 6. 06 X 10" 0. 201
Gamma
4 4, 64 x 10M 0. 088
— ray
5 i 351 x 104 : 0. 351
6 1.27 X 1012 0. 174
7 1. 650 x 0" 0. 280

% Practional Standard Deviation
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Table 5.3 Neutron and gamma—ray spectra at the exit of the
reactor pool in the neutron radiography beam hole

Energy | Neutrons or photons : .
group 2 F S D
number /em® » sec
1 1. 75 x 104 0. 562
2 4 14 x 10° 0. B8R
3 9 21 x 10° 0. 992
4 2 09 x 10 0. 667
Neutron
5 . 200 X 10°8 0. 662
6 3,88 % 10° 0. 588
7 6. 97 x 10° 0.411
8 4, 72 X 10° 0. 538
1 2 65 x 108 0 113
2 1. 03 x 10% G 676
3 g 43 x 10° 0. 415
Gamma
4 4. 85 X 10° 0. 341
— ray
5 5 65 X 108 0. 237
6 4,54 x 10° 0. 306
7 2. 46 x 108 0. 555

¥ Fractiomal Standard Dewviation
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6. HA4 FFvFILOMERREEH

ngSK%thém,¢ﬁ?§%ﬁﬁv1w%@%m,ﬁ%ﬁ%iﬁ(ﬁ?ﬁ$ww
CEBFAE IO — AT —Lilh b, BITHRE LTHARESRETRIL 0T, FHTHF
BENEE—6F— VR ECRTT, HEETY, F4 KR VOERESR, TE0504F
R YU DRBE DEEE O R R E £ T Do “
ﬁ4Frv1w%ﬁ5¢ﬁ¥§%ﬂ,%$ﬁ¥m§%3$(c“cmcg)&ﬁﬁ$%¥ﬁ
HWE oA (T, T.) DEH RS ZH, EEOHROFNE, MEFLEAT (Fig, 6.188)
BRI FC, BTN ROEELEAOND, SRBITET VAN TS Lo b 2EEL—~
BIHBRETELERTERY, Lic-T, CEFIALMBITNRELT, BoniHR
A LT IANOBEFICLEZbDEL, FAFF A VOBERFMT S, £72TFig, 61
TR Lt & D IS EETR 7 — B A 5 SE L7 A, BEEETRLE, BLHIGLL
&, HEEFLOEE FETE LT 5o

.1 EFFRBRAAA F P RILOERRET

6.1 1 HEREHTOHTE

EFFEREADOH A F b Y3 L OERERICE LTI, JREPRDICERELDT, #OD
A LTHESRT S, FOHETo—Fig 6.2 Thb, —Hr— LEBRILOBE (4
=) oL x LA/, BTE7— vNE, BT RESEESURBILORRNEREOT,
3RTCHE (£ Y F Ao HEATY, (OEROIHETROT Y vROBHRE, KD 2
Wt (RZAKFRIEL) SealBics i 2HRME LT 5,

Sy HEEETE T VBNRUHA F v a ol LCER SN, SyETROE L,
JENC AL TIT, 4 5%, B0 GIEc, DOT 35 (1), DOT 3.5 I XU DOT
35 (M) &MATH, DOT3 5 () A4 F Y FArRNOHETHLE, ThoORER
%Fig 6 3w,

Z > TOMORSE — CGEBIC B BIERMHE, $#< DOT 3.5 #tEicE 0 5 Sy DRKEL.
HEWE RO Legendre BRI, T3 0¥ —BHES, Z3, A - 2 EROBNT (845
DEEFEELEIUTH S,

6.1.2 &rEER

HFkE 7 — LR To, S TEASBHERC - s EZBRAEESTMORSE - CGHOHE
A Fig, 6. 41057, COHEHRE GRIGEAB) 2BRRRLELT, F3ETF7
DT — VBRI B B E— L EBRIL (C, AdikrEE) B4, DOT 3 5 AIKRZERITE
BlLAHEAE (DOT 35 (1)) % Fig. 6.5 (a) IKRT,
INTRHT-BESAEREELS L, bootstrapETROT, A4 Fbyanflilo7 —awv
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B B0 % B — LEBRTPED O DOT 3 5 5tEAITS L& 0t HER S, Fig 6.5 (b) O
£ 5 RZERIGERT 2 (DOT3 5 (). Fig, 65kKBVT, PHETEEDNIHELE
9 % 12 cm® DEAFEOT, COWEBESMELIEEI o, HEEONE 2 764 cmERD T
E#tic, Bl WEEA I R (Pyrex glass) HEE 1L 5cmTH5H, WEBPERLLLED
WEE 2122 cmZ T,

Rk R TR T — VB IR L-i%, 74 FRhvanicEl, HA4 F ¥ rofBE
i BERCEI DT, 54— AT FAREE LCRI L, Fig 664, MED
MENZ TR S, Eo v Y- (Case A, BE3 5 g/cm®) EE@Ea 7Y
— } (Case B) OIBEQFITH S, UTEARESEET v 7 ) — FOFITH B,

Fig, 6.7 (CaseC) i, # ¥ <#E#DI/IY, M i BB S AT 7o BT h B,

Wgﬁﬁ(C%eD)ﬁ.Eﬁ%KBmKEﬁf,%ﬂMmEéQ%E379U~h&05
cm B = DO ERAEE NG Bl TH D, Fig. 6.9 (Case E) if, BICERWENZEFEDL
¥, CaseDitiaB@Ea vy ) — bDESE, 4 FF vANERIKE -TEELLFT
Hbo

513 HE#ER

MORSE — CG 27— FiC £ A5t E#R T, CNS & — aERANOEKS v/ M (Figtd
@Aﬁ)T@¢ﬁ?&ﬁﬁ77ﬁ®ﬁ%%T%w6im,E%ﬁfume(Fga4@Bﬁ)
woEhATable 6. 2 10F T TR, EFFRER—LTOHR A F b ¥ 2 LOBRERGIRRER
20 TRT S

Case ARTB : Fig. 6 10 (Fig. 6.658) &, #4 Fr Y2 vBEFEI 7Y~
(Case A) DBAIHT 2HBESBENTHS, BEOTOEZ /7 )~ FEERLTS,
B BORESREAESTH S (EFFH - L TORTEMRER 0 6 mrem/h LTI 5
%Kﬁ%@fﬁwﬁmﬁm@ﬁﬁﬁﬁﬁ%ho%C?,ﬁ4FhV$W%®ﬂ%ﬁK@of®
ﬁ%@ﬁﬁ%,%ﬁ%ﬂyﬁU—b@%é&%ﬁﬂVﬁU%%@%%&KOMT%Lﬁ@ﬁ
ﬁgGJ&?%éOEJVﬁU—F%H,%@3770—%%KﬁNT,%ﬁ§%$T,&%
(mrem/h)/ 1.5 (mrem/h) =1/2 4 WHETAH L EMRENT B, TLT, HFPT
ﬁw%KﬁHSmEE®ﬁ4FFV$W%ﬂ§@ﬁ%Kﬁ%$ﬂEM®T,&@Smmﬁbf
Eﬁmﬂﬁﬁ%%im@;wc&maéoEK&%ﬁﬁﬁmﬁmmmﬁﬁmﬁﬁﬁ5ﬁﬁ%%
HTH B, —F, BEA4 KN Y aAERERT Y2 ) - P TERETE#EDTOHDT, UTFT
., HAK b ARSI Y U — e L, BERAMOERME T2 —sic LT, R
AZLTwLT kit b,

Case C @ Iz 10 cm O AL L7BE (Fig. 6 718R) oEFEEEHENSFig 612
T B, EPICEFICED - o BERRICH LT, 10 cmOE TR 0 HRIVUERTH S
BOHAF YR ABEARERIICE - CRABRFERE (0 6mrem/h) IWEEL T L
AREN T 5,

Case D : 22T, hEFREF v vHUHOERDHIC, 3micE-T, T@3 7Y
— M 20 cm &80 5 cm & AEBTICEVLES (Fig. 6 38K OfRBEESRRL Fig,
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6131, HA F b v UBAEEICK - TORBENGE Fig. 6. 141087, BEARDERE
=4 7.6 % 107  mrem/h (T H LTI 33X 10"*mrem/h. =K LTE43%x107°
mremvh) THH, HETEREIEHELT,

Case B : Hiz, COEEI¥Y 27—+ @3mDER%E, 74K VAR RITE - TE&ED
186 (Fig, 6 988 ORBRESMNEFig, 6 151, #F4 F Y R/VEAREICH -
TOBEES %% Fig, 6 16 KR, RAOHREEIT 46 X 10Pmrem/h (PEFIFHLT
L1 X 10 mrem/h, # v -@icd LT3 5 X 10°mrem/h) &b, BiEOEERLT |
Wa,

PLEibst- g RA S L0 T, Table 6.310RT, BTHBREATOAMF b v ACH LT
i3, Case DRI Case EABEIC LUMNS, ERFFTEEDTO LI LIS,

W SmEmmEohT, AEREEARLTOED FFEAA Fhra A HORER) L, Sy &
HA D ray effect KEBbDTHAS, £/ Fig, 6 16 IKSRERITHIMOIHT DS L
(Fig, 6 14 &), Thild negative flux itk bOEEZ LN D, WIONDE
ot negative flux 32FROHBENTRCEAERRICEELEATLOT, KALE
2Lz EEDN A,
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Fig. 6.1 Arrangements of cold neutron and thermal neutron
guide tubes passing through the guide tunmnels

(unit ; meter )
]

Crossing

! Neutron Xsec ingide Center of Start of End of Total
' Length the reactor Length
Neutron source guide tube Curvature curvature of curvature hall wail curvature of length
guide of curved | . - curved —— —{straight of
tube part guide
: Verti-qFrans— part paret
‘ * ¥ cal | verse * ¥ x y = ¥ x y tuhe
C3 ‘ . 370.8 81,7 ' -361.354 15,3 | 4.645| 1.351|15.635] 3.513|19.672) 4.221 11.9 | 27.2
Cz ‘ 0.430.447| 12 cm -56.942 829,057 4,682| 0,970|15.787| 2.408|21.533) 3.212 27.2 § 44,2
| 834.3 17.0 —_— T — —i ]
C1 2 em - ;19,2591 -833,0659 4,706 0,514|15,905| 0.636|21.705| 0.638 20.4 | 32,5
Tz -344.005 | -3220.008° C 4,671 -0.873]15.803]-2.061| 40,155 |-4.752 21,25 56.95
‘ ‘ 0.20|0.403| 20 cm 3337.4 . 35.7 —— - g -
Ty | 497.7461 3299.703 4.696i-1,075{15.782|-2,712140.031 |-6.160 22.1 | 57.8
\ ; ! L . . _
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Sy calculations around the reactor core for Monte Carlo

calculations

Coupling the angular flux on the interface between the
DOT3 5 and the MORSE—-CG.

Three—dimensional calculations of abeam hole within the

reactor pool.

S calculations of the immer part of the pool wall :

DOT 3.5 (1).

Sy calculations of the outer part of the pool wall:
DOT 3.5 (I).

Sy calculations of the guide tunnel in the reactor hall :

DOT 3 5 ().

Schematic diagram of shielding analyses of
the guide tunnel in the reactor hall (see Fig 6.3)
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Fig. 6.3 Computational model for shielding analyses of
the guide tunnel in the reactor hall
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Fig. 6.4 MORSE computational geometry
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fig. 6.5 DOT 3.5 (I) and DOT 3.5 (II) computational geometry
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Lead
0
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Fig. 6.6 DOT 3.5 (II) computational Fig. 6.7 DOT 3.5 (II) computational
geometries in the guide geometry in the guide tunnel
tunnel for Case A (heavy for Case C (local lead shield
concrete wall) and Case B surrounding the guide tube)

(ordinary concrete wall)
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DOT 3.5 (II) computaticnal
geometry in the guide tun-
nel for Case E (local lead

shield and full length

shield of ordinary concrete
surrounding the guide tube)
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Table 6.1 Neutron and gamma—ray spectra at the exit of the

heavy water tank in the cold neutron beam hole

Energy | Neutrons or photons %
group , F. 5 D
number | /Cm’ * s€cC
1 5 95 X 107 0. 743
2 1.84 X 10° , 0. 343
3 7.49 x 10°® 0. 371
4 2.00 < 10¢ 0. 863
Neutron
5 1. 52 x 10" 0. 450
6 303 x 10 0. 289
7 1.74 x 104 0. 637
3 1,47 < 10" 0. 150
1 1. 91 = 10" 0. 707
2 7.53 x 10 0. 312
3 1. 04 »x 10 0. 244
Gamma | B |
4 1. 56 x 101" ! 0. 403
— ray
3 2. 80 x 10" ' 0. 145
6 315 X 10 | 0. 058
7 1. 32 x 10" 0. 085

¥ Fractional Standard Deviation
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Table 6. 2 Neutron and gamma-—ray spectra at the exit of the

reactor pool in the cold neutron beam hole

Energy | Neutrons or photons %
group \ F S D
num ber /cm® - sec
1 2 47 X 10° 0. 980
2 103 <108 0. 472
3 8 31 x 107 0. 496
4 2. 27 X108 0. 567
Neutron
5 315 % 10° 0. 248
6 1. 06 x 10° 0. 352
7 2 60 x 10° 0. 325
8 215 x 104 ' 0. 145
| |
i i
o 7.58 X 10° 0. 540 ‘
|2 295 % 10 0. 175
3 1. 58 »x 10" 0. 462
Gamma ' .‘
4 5.69 x 101 0. 209
— ray
5 1. 39 x 101 0. 420
6 707 X 108 0860 |
7 315 X 1o 0. 308
i

% Fractional Standard Deviation
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Dose rate contour maps in the guide tunnel for Case A
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Table 6. 3 Dose rates of the outer surface of the guide tunnel

within the reactor hall (due to the guide tube C; only)

. . L

o e e [ Doy e peman \

Case A 0. 63 See Figs. 6.6, 6. 10 and 6. 11 ‘

| :

Case B 1.5 1 See Figs. 6. 5§ and 6. 11 L

i

Case C 1.0 ! =06 See Figs. 6.7 and 6. 12 !
Case D 7.6 x 107 See Figs. 6.8, 6. 13 and 6. 14
Case E 4 6 x 107 | See Iigs. 6.9, 6 15 and 6 16
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8.7 SRINBEEAHA FbYRAQERRBT

6.2.1 ERMRITOHE

Fig 2 3icmLicdkdic, hEFRER, RFFE7- VB oHRE LT, BRFFERAN
A F b v ALAET, RRFHEAS A N2 AREINS, COEITIHE, COERTHAM
HAAF L vy2voflBESoB X0 2175 GERRITERE, Fig 2 MiIORLaklic,
HAF b3 T0 6mrem/hENFTHS),

oL INEVER (Fig, 6. 18R) 3, LOEISTREZHVOT, - LEBRILDR
F4R 7 - VNERIC, BIEITR 7 MORSE — CG AT BT R HETHA £ RIEE L, #4 1 b
vtk (Fig 6 17T48R) LMEERIGELULT, DOT 3 52— FEHWTE,
DODOT 3 55 ETH, SyEORE, EELMERED Legendre BAERE, x4 v+ MEF,
- AERILORNT (FA4E) 0lx 2 EULLOEHE W, £/, pAEDD ray
effect HFEESNADT, THER YD, BEMBR BT HBEERERE (first
collision source, DOT 3.5 — FicHfiffLCwwa GRTUNCLE 7 — FTHETS) %
BT Y, EBRIERANOTAF Y2 VORBESHERD,

622 RAEER

ZEHIEMA S A F b v R v0HBESEE Fig. 6 1810Rd, DOT 3.5 72— FOFEREES
DEEH B, HA K S VA AROPETEEOERIES (4 Ly 2 2« H72E) BEET
575, HEHRE L THB LD, EHNEERNC, BEOPLEMT, COHETHEE
ETHDERELTVLN, BlE—LDHBE4H4 F a8 (Emé) RUAEOCRESE
SIS - TR LDICH 5, fIEER, EFCLEPOROEVATRESETS (Fig,
6. 17 ),

EUE . Fig 618 IKREN TV X5, BFF7 - vHERBICHERRRSL LT
0 em) DRFROH V< BOBEFEAE V. CNHO@E% Table 6 410K,

6.23 HEER

S FREE C, IC L B ERFBEBA YA F b v 3 v0BRBESEREE Fig, 6 19 <5
4, ray effect (h v &A) Rl negative flux (FF4FERE KBFERICERENL
BEE) OrHESLAROREHAONGE B8, 4 F b rr v BARETEERLE S ZR
LTHA0T, FFELRELZZLVEEDN S,

HAF VR VA REICH -~ COBBERA Fig, 6. 20ICRTH, # Y vBOLPIENT
b, EBRFIEROBETFERMOMNT (Fig, 6 170" b" & ; &EFHEHERZ 0 6mrem/h L
T) BLEREHSEC, FNLDENEIC LA > TERERNICaHICHEEL, RLEWE
B#132X10%mrem/h TH 5,

k7, U ALTEME LTINS RERRNGE N EDT, TOBLORER LD
T2, THbL, ERFEEAAF Y AVARAT, BFFREREORFICHIE LTV HL
(Fig. 6. 17® “c" /S {0, BRIEEEAA K P Y2 UHAEET, E—sk-— il (Fig
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61T “a” i &> e—nh— O THEIELEL 0 6 mrem/hEAT) TH 5,

Ul FORERAE E LD Table 6.5 Th b, C, BE 1 ADEEZEELTOAA N vz 3
AN EROBEAMERIT S 2 X 107 mrem/h TH 5, Fig, 617 o HLE OELE S o FEr L
<, QEOEBRICESTHOEC, RUC. HEFLEZSNEDT, CHFOFTHCHEE
CRILEESEAT, 32X10°x2=64X10°mrem/h Th b, C, DHFSGEMRALTH
3 9% 10¢X3=06X10°mrem/h Tk b, \ONOESKETEED 0. 6 mrem/h £Ic4}
TEZELERLTVE,

FA Kb Y aOVERDEGORTEREEC ST AERRIE, 25 X 10mrem/h (EFHE
#i4> g mrem/h) THH, TO&EFOEEE, FTPERKEES 40 cm, EEAFRF HEET 40
¢mT, S0 cmoFE@EI VI ) - bf%%o COEEDLEET, V—bk-VHAOHA T
Ny LEEETR (BEEA A cndBEEI Y7 U — P T, 6.5 X 10Pmrem/hTH Y, &Et
e (<0 8mrem/h) D 1/I0EBETE D, HICRBEEEHIEABELT, A4 FPI%
W OE TEERMOEEE 80 cm (&3 40 cm (R THFEREE + 80 cm (REFIEHLEE
— 120 em) EFHUL, B Lk—AAOHA F YR VERFOERERS 11 X 107 mrem
/b E TS, BAECORFETELTET>TOEAT, Fig 233TOKTSH 5.
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Table 6.5 Dose rates of the outer

JAERI-M 85-105

surfaces of the guide tunnel

within the experimenter building (due to the guide tube

C, only)
x| Max dose rate | Design criteria
Dose peint Remarks
{mrem/ h) (mrem/h)

“b” 32 x10° =06 near the reactor building

“a’” 6.5 x 107 =06 due to the “line of sight”
beam

“a’” 11 x 10 =06 estimated for 1.2m wall
between reactor and beam halls

* See Fig 6.17
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beam halls (See also Table 7.1)

-110—



JAERT-M 85105

T4 81 898 x

# Usamisq [|em Wy T w” # 000 H
© 1eq
’” #” H 7” #” 0 weaq a2yl ur
- — - [ouum] 8ping
s[{BY WE2q PUEB 10J0EAI Udam]aq [[em wWQ (- saqn} spm3 g B 100 @
# t Pletgs H 9SE) # 00 1TeY
- ® 010831 8] Ul
sogqn} 9pIMS uoxmMBu Plod ¢ : PIAIYS (I 9ISED P 00 [ouuny apinn
Aydeasdoipel
1nys Juip(aiys 243 ySnoiyy Bussed 1911V “ oo 0 ® UoIneu  I0j
2]0y wesqg
p[alys xne jo uoil wogy : g Snjd pIaIys # 900
o[oy Wwkaq
- _ - e — @
. pIepuel g
petys Xne Jo PIAYS uonnau uopg g Sngd peiys 90= 90 0
waiw s I
SYIBWA Y ca/ ) 4/ ) wtod sso(]
Br121112 usisa(d atel  aso(d *

§9[BY tWweaq uolinau jo sIsAjeue Surpiorys

o Alewumg 1) 8[qel,

—111—=



TAERI-M 85105

i G

JRR — 3 SR o BRI ic g LT, LERTHE A RE (ESANIRIRZTET) kT
e Bl LEHMEE (FIFERHESR) 0@, fREELART2 A Y PARL L, -4
ERIDLEOREACE L T, WALHEI LIRS EEEE=FRE), EHEAER

( JRR- 2 HEE), AEANTE, HRLER OUEER GRFHEZ), wEREE (5o
b7 REEE) MOBRTHEERE GIEFEER) KHBRO L. O ICERs Lis7z®
11, LB AE - o ARE R FRERE « R - 7Y - 7R B BT
FREREEE (L, HEFFRZLIFHRRR) KRS LIHPREN,

PLEDREERICK L, HRETHMEERLLT,

B

W

I BABETAWES  C RaNAREFERETHeEE (JRR- 3 BErFERORRE), "
WEED 56 4E 4 B (FBFN 59 4F 5 H—EBFIE) (IR0 59 4 10 A —ZBHALED.
o) EERe, LER HKEE, —REFE, SEN, %, SAET, REAERE: " JRR

— 3 TP D EYET D Fo s OB EEAT + 1 — AR K DER -——, 7 JAERI-M
85 — 050 ( 1985).
3) Hendrie J M : “Final Safety Analysis Report on the Brookhaven High

Flux. Beam Research Reactor, ~ BNL 7661 (1964 ).
4} Farnou B. @ “ Le Reacteaur ORPHEE et ies Equipments Experimentaux
(ORPHEE 48 & 22883%/%), ~ : Cribier D, Farnou B, and Breant P, :*“Design
and Operation of the ORPHEE Reactor, " CEA Saclay Nuclear  Research
Center (1983 ),
5) Blizard E P, (ed ) : “ Reacter Handbeok Vol III Part B Shielding,

Interscience Pub, (1962 )

6 EEMIESE, THIE, S - ¢ JRR— 3 &P O, T JAERI M 84— 099
(1984 ),

7 BAE, BEEE, BAKE, SRR, 4 BUHBUER O ST OBF — 56 [mRA
sERER LSS, L —, TETFALE, 29, 33 (1983)

8 Kouts H J. C. :“ Beam—Tube Design for the High— Flux Beam Reactor,”
] Nuci, Energy, Parts A/B, 17, 153 (1963),

9) Roussin R W, et al, : “ VITAMIN-C, 171 Neutron, 3¢ Gamma— Ray
Group Cross Sections in AMPX and CCCC Interface Formats for Fusion
and LMFBR Neutronics, " DLC— 41 : “The CTR Processed Multigroup Cross

—11&—



JAERI-M 85—-105

1l

» i

JRR — 3 SO 0BT ICEE LT, ILERIBE R EE GRS B MM TR KT
Mo BITEHEE (BFFERFES) ©@d, fRTELART2 A ¥ ARV, -4
ERILEOHACH L T, EALREHIIER EEYRE="HFLE), EHLEIEFR

( JRR— 2 HEH), AEAFE, HALER OUEER GHFHER), BB RCEE (Fy
b REEE) RUBR CBERRE GIESERE) KHBIRC. O CERAS Lis7c D
i, KSEE AR - B ERET R FRERE « KRRty -7 - 7R e BT
FRREEE (4, HEFFRZL TFHERR) KRS EIHPRE,

PLEDEKIR L, RETLHEERLET,

W

% X W

L BAETAWRF  C HEEATREEEESTEES (JRR- 3 EFFEROER),
FEEN 5945 4 A (FE#n 59 4F 5 A —EBHIE) (9RF0 59 4F 10 A —#hHILE)
o) EEmRiG, ARE SKEE, —RIEE, SEN, A% SAET, REAERE: " JRR

— 3 T DI O fo s ORI —— EFlEA KO ER -—— " JAERI-M
85 — 050 ( 1985),
3) Hendrie J M. : “ Final Safety Analysis Report on the Brockhaven High

Flux. Beam Research Reactor, ”~ BNL 7661 (1964 ).

4) Farnou B. : “ Le Reacteaur ORPHEE et les Equipments Experimentaux
(ORPHEE /¢ & £88%%), " : Cribier D, Farnou B and Breant P :“Design
and Operation of the ORPHEE Reactor, " CEA Saclay Nuclear  Research
Center (1983 ),

5) Blizard E. P, (ed ) : “ Reacter Handbeok Vol I Part B Shielding, ”
Interscience Pub, (1962 )

o) BEMEE, TOIE, SIEE-: ¢ JRR- 3 KEF oW, T JAERI-M 84— 090
(1984 ).
T BRI, BERG, BAKE, BRESER, B 0 B RER OB OB — 5 6 AT

mERERLSE, S —, TEFOLE, 28, 33 (1983 ).
8) Kouts H J. C. :“Beam—Tube Design for the High—Flux Beam Reactor,”

J Nuci, Energy, Parts A/B, 17, 153 (1963 ),
9) Roussin R, W, et al, : “ VITAMIN~-C, 171 Neutron, 36 Gamma— Ray
Group Cross Sections in AMPX and CCCC Interface Formats for Fusion
and LMFBR Neutronics, " DLC— 41 : “The CTR Processed Multigroup Cross

—112—



S

JAERI-M 85-105

_ Section Library for Neutronics Studies, " ORNL/RSIC—37 (ENDF-— 296),
10 GCreene N, M, et al : “AMPX, Modular Code System for Generating
Coupled Multigroup Neutron Gamma— Ray Cross Section Libraries from
Data in ENDF Format, " PSR— 63 : ORNL—TM~ 3706 (1976), |
Il Engle Jr. E. E : “A Users Manual for ANISN, a One—Dimensional
Discrete Ordinates Transport Code with Anisotropic Scattering, ™ K—1693
(1967 )o

1 Rhodes W A : “DOT 35, Two—Dimensional Discrete Ordinates Radiation

Transport Code, ” RSIC CCC—276 (1975),

19 Jenal J. P et al,, *“The Generation of a Computer Library for

Discrete Ordinates Quadrature Sets, " ORNL/TM— 6023 (1977 ),

t4 Emmett M. B. : “The MORSE Monte Carlo Radiation Transport System,”
ORNL — 4972 (1975),

15 Emmett M, B, et al, 1 “DOMINO, a General Purpose Code for Coupling
Discrete Ordinates and Monte Carlo Radiation Transport Calculations, ”
PSR- 64 ;: ORNL — 4853 (1973 ),

16 Metaghalchi M, and Ashrafi R, : “ Comparison of the Two Different
Standard Flux— to—Dose Rate Conversion Factor, ” p 1236 in “ Proceed of
6 th ICRS, ” May 16—20, 1983 Tokyo (JAERI ),

1n REERTREF L EELEREE “FRFNE2RBLARLERIGHE, " AWK
{1984 ),

1§ Cranberg L. et al, : Phys Rev., 103, 662 (1956 ),

19 Peele R W. and Mainschein F. C : Nucl, Sci. Eng, 30, 485 (1970 Yo

% Schoenbrunn A : “ Japan Research Reactor—2 Manual Volume 1 —
Engineering Design, ” AMF Atomics (1959) & Chapter N Shielding,

0 FBREG - IEE - THREE  HABZ D  REBHE 0 JRR 3 SEF OEBRITORE, "
JAERI—M 85—-065 (1985)c

—113—~




