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Shielding Analysis of Neutron Detector Guide Tubes of Advanced Marine Reactor MRX

Toshimasa MIURA*, Toshihisa ISHIDA and Yoshihiro HIRAO*
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Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received July 1, 1998)

The advanced marine reactor MRX has the out-of-core neutron flux detectors outside of the
reactor vessel. To provide the neutron flux detectors, the detector guide tubes are equipped
from the outside of the reactor containment vessel to the surrounding area of the reactor
vessel. These guide tubes cause radiation streaming as well as the shield defect. In the
present paper, shielding analysis of the neutron detector guide tubes of the MRX is carried
out to contribute to its optimum shielding design. Calculations are carried out for the
problems of the neutron streaming through the guide tubes and of the radial shield defect to
gamma rays. Results calculated by a two-dimensional transport code DOT3.5 are used as
the source radiation for the calculation of a Monte Carlo code MCNP4B. For the neutron
streaming, very near region of the guide tube is treated as shield area in the Monte Carlo
calculations to reduce the statistical error. To assess this treatment, analysis of the
streaming experiment utilizing the JRR-4 reactor is carried out. As a result, overestimation
of a factor of about four for fast neutrons and about two for slow neutrons are found.
Streaming analysis of the neutron detector guide tubes of the MRX indicates that the
neutron dose equivalent rate is 5.4 ;. Sv/h outside of the reactor vessel where the design
limit is 10 x Sv/h. Since the allowance is small, it is recommended that the guide tubes are
bent so that the source area is not seen from the outlets, and an about 6-cm-thick iron

compensational shield is equipped for the radial shield defect to gamma rays.

Keywords : MRX, Neutron Detector Guide Tube, Neutron Streaming, Shield Defect, DOT3.5,
MCNP4B, Shielding Calculation, JRR-4 Streaming Experiment

* Ship Research Institute
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JAERI-Tech 98-030

F1 PHFREZEAEICR > -PHFRENBRROHHEER

Rl = . point detector surface crossing
ETHH
R Z DOIERE| HBRESEE | fsd | BEIEE | fsd
(em) | (em) | Cem) | (uSv/h) (%) (1 Sv/h) (%)
21872 | -70.0 0.0 | 8.014x10° 12.9 - -
227.79 | -35.0 36.1 3.890x10° 9.62 - -
236.83 0.0 72.3 | 1.782x10° 5.70 - -
24593 35.0 1085 | 7.955x10* 7.45 - -
255.0 70.0 144.6 | 2.420x10* 7.31 2.497x10* 11.48

265.0 108.58 1845 | 1.844x10° 17.47 | 2.277x10° 10.56

275.0 147.17 2243 | 1.015x10°? 8.00 | 7.135x10" 15.06

285.0 185.75 2642 | 4.495x10’ 5.12 | 1.289x10' 23.91
295.0 224.34 304.1 3.331x10" 814 | 7.451x10° 33.20
305.0 262.92 3439 | 2.156x10' 5.42 | 4.016x10° 42.79
315.0 301.50 383.8 | 1.889x10' 832 | 4.456x10° 49.56
325.0 340.09 4236 | 1.308x10° 5.66 | 2.012x10° 67.36
335.0 378.67 463.4 | 1.233x10' 832 | 6.889x10° 95.04

345.0 417.25 503.3 | 8.790x10° 5.81 6.507x10° 98.74

355.0 455 .84 543.2 | 8.607x10° 8.32 | 6.418x10° 98.12

365.0 494.40 583.1 | 6.297x10° 591 | 6.178x10° 99.92

375.0 533.0 6229 | 5.410x10° 595 | 6.014x10° 99.97
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%2 ERABOH U RICBTIEEFHARBMRAELGR

Bk FOT R Rl B TR R L ER
rEMND
DEERE BENBE fsd |[REBNEE| fsd |[REBIRE| {sd
(cm) (usv/h) | (%) (usvh) | (%) | Cusv/h)y | (%)
RNTEL] 2.721+02° | 7.75 | 5173402 | 627 | 1.641+02 | 10.66
° ERNEBY| 1538+03 | 368 | 4275+03 | 399 | 3.148+02 | 11.87
EREML| 2121400 | 21.18 | 2.220+02 | 7.04 | 9.411+01 | 11.43
% EHNEHY| 1.268+01 | 964 | 1.293+03 | 454 | 3.148+02 | 13.34
EHRE®EL| 9611400 | 971 | 1.029+02 | 821 | 4.193+01 | 10.64
*° BANEHY| 3936+01 | 502 | 4873+02 | 543 | 1.287+02 | 9.92
LANEMWL| 5.975+00 | 957 | 5.001+01 | 832 | 2.004+01 | 12.51
% RAEHY| 2.036+01 | 489 | 2101+02 | 627 | 7.157+01 | 19.26
2 2.721x10* &,
X3 EANEICLIEAERSHTO
H 7R RS EROEME
ElANEm| _
o DEERE FLTER R il L5
0cm 5.652 8.264 1.918
30 cm 5.978 5.824 3.345
60 cm 4.095 4735 3.069
90 cm 3.407 4.201 3.571
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%4 DLC23EDIXRIF—HiEICHbET-
BERHITYOPHFRIEIRS bV

IRIVFE— IRIVF—FEA hEF IR F IV
HES (eV) (em™2 es7 ' eW)
1 1.50x107 - 1.22x107 1.48x107
2 1.22x107 - 1.00x107 7.85x107
3 1.00x107 - 8.18x10° 2.97x10°®
4 8.18x10° - 6.36x10° 1.16x10°
5 6.36x10° - 4.96x10° 2.75x10°
6 496x10° - 4.06x10° 3.79x10°
7 4.06x10° - 3.01x10° 8.30x10°
8 3.01x10° - 2.46x10° 6.90x10°
9 2.46x10° - 2.35x10° 1.65x10°
10 2.35x10° - 1.83x10° 9.18x10°
11 1.83x10° - 1.11x10° 1.67x10'°
12 1.11x10° - 550x10° 1.52x10'°
13 5.50x10° - 1.11x10° 1.03x10"°
14 1.11x10° - 3.35x10° 1.20x10°
15 3.35x10° - 5.83x102 6.34x10°
16 5.83x10% - 1.01x102 461x10°
17 1.01x10% - 2.90x10’ 3.03x10*
18 2.90x10' - 1.07x10° 4.28x10°
19 1.07x10" - 3.06x10° 1.05x10°
20 3.06x10° - 1.12x10° 1.47x10°%
21 1.12x10° - 4.14x107" 3.26x10"
22 414x107"' - 1.00 x10°? 8.29x10°

x5 JRR-A4#EEMOMEMEMR (BAI : atoms * barn)

7o =2 51" K ZIVISUH iR
H 4577-2% 1.6388 6.674-2
'8 6.500-6

C 6.405-2 7.355-4
N
(0] 2.291-2 8.1904 3.337-2
Al 8.537-3 5.997-2
Si 15704
Fe | 45694 2.8324 8.377-2
Mn 6.6274
Pb

z3%y 1.015-4

238y 1.130-5

Y4577x1072 &m0,
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%6 DLC23ERBTHICRGKERE (B : ban)

BE IRIVF—FEH (ev) *®Ni(n,p)*°Co | "*"Au(n, v)'°%Au
1 1.50%x107 1.22x107 4.080x10"" 1.533x107°
2 1.22x107 1.00x107 5.442x10"" 2.057x10°°%
3 1.00x107 8.18x10° 5.945x107" 1.608x10°*
4 8.18x10° - .6.36x10° 5.952x107" 8.502x10*
5 6.36x10° - 4.96x10° 5.300x107" 3.247x10°°
6 496x10° - 4.06x10° 4.199x10" 8.799x107?
7 4.06x10° - 3.01x10° 2.759%107" 2.090x1072
8 3.01x10° - 2.46x10° 1.470x107" 3.554x1072
9 2.46x10° - 2.35x10° 9.662x1072 4.261x1072
10 2.35x10° - 1.83x10° 5.372x107 2 5.277x1072
11 1.83x10° - 1.11x10°® 1.368x1072 7.184x1072
12 1.11x10° - 550x10° 7.231x107* 9.094x1072
13 5.50x10° - 1.11x10° 4671x10°° 2.177x107"
14 1.11x10°% - 3.35x10° 2.306x1077 8.588x10""
15 3.35x10° 5.83x10? 1.186x10°% 6.877x10°
16 5.83x10% - 1.01x102 2.062x107° 1.274x10"
17 1.01x10% - 2.90x10' 1.437x107'° 2.791x10"
18 2.90x10" - 1.07x10' 1.376x107'° 1.037x10°
19 1.07x10" 3.06x10° 4577x107"" 1.149x10°
20 3.06x10° - 1.12x10° 1.447x107"! 3.215x10'
21 1.12x10° - 4.14x107" 5.320x107'? 2.546x10'
22 4.14x107"'- 1.00x107° 5.139x107"'? 1.570x10?
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%7 DOT3. 5(1&k3JRR—-4KPIEFRAHHIHELER
57 A | bR R
AhioD
BE R R z | EPEFR |PEPEFR| BPEFR
(cm) (cm) | (ecm)| (cm?’s'W") (em?s'W') (cm?s'W")
0 0 0 1.091+02° 1.548+02 7.362+02
20 17.32 10 2.035+01 2.564+01 1.114+02
40 3464| 20 5.384+00 6.333+00 2.785+01
80 69.28| 40 1.328-01 1.418-01 6.534-01
120 10392 60 1.551-03 1.544-03 7.62703
160 |13856| 80 2.653-05 2.486-05 1.221-04
200 |173.2 100 6.570-07 5.925-07 2.969-06
240 (207.85} 120 1.352-08 1.175-08 5.852-08
280 1242.49| 140 2.976-10 2.510-10 1.235-09

°1.091x102 &EHT,

%8 DOT3. 5(C&k3dJRR—AKPREENH
gg\gé FHERER *®Ni(n,p)*%Co {"*7Au(n,v)'*%Au
BERE R z g = R

(cm) | (cm) |(cm) (s'W) (s'W')

0 0 0| 3.109+01° 1.283+05
20 | 17.32| 10| 6.131+00 1.965+04
40 | 3464| 20| 1.694+00 4.880+03
80 | 69.28| 40 | 4.44402 1.139+02

120 [103.92| 60 | 5.467-04 1.322+00
160 [13856| 80 | 5.957-06 2.115:02
200 |173.2 | 100 | 2.426:07 5.135-04
240 |207.85| 120 | 5.060-09 1.012-05
280 (24249 140 | 1.125-10 2.139-07
3.109x10' &,
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&9 MCNPICLKZJRR—-4RBRBITHER  PHFE

59 bA| FHBSEE T hiEiEF rhitF
E%gébw R Z | PHFR | fsd | PHFR | fsd | FHFER | fsd.
(cm) (€cm) | (em)| (em’s'W'") | (%) (em?s'W') | (%) (em?s'W") | (%)

0 0 0 | 9.949+01° | 5.77 1.410+02 [14.02 | 6.733+02 {10.29
20 17.32 10 | 1.688+01 (1525 | 2.966+01 |13.00 | 9.909+01 [12.18
40 3464 20 | 1.990+00 {11.07 3.914+00 (28.79 1.544+01 (34.42
80 69.28| 40 | 9.480-02 [13.15 1.147-01 |16.86 | 6.118+01 [52.67

120 {10392} 60 | 2.71802 |13.31 3.072-02 6.33 1.076-01 3.40
160 (13856 80 | 1.24302 6.22 1.516-02 5.48 | 5.645-02 3.42
200 {173.2 100 | 7.364-03 549 | 9.097-03 554 | 3.432-02 3.48
240 |207.85| 120 | 5.434-03 |10.92 | 6.256-03 6.57 2.313-02 3.57
280 |242.49| 140 | 3.544-03 579 | 4.31403 5.66 1.635-02 3.54

°9.949x10" & &Eie,

£10 MCNPICLZ3JRR-4EBBIHEER  RibE

YU FA| HEEEE 8Ni(n,p)®®Co "2 TAu(n, v)' *%Au
AMNod
PERE R Z R fsd | RKEHE f.s.d.
(em) | (em) | (em)| (s'W)) (%) (s'wW’) (%)
0 0 0} 2.391+01° 654 | 6.445+04 | 10.42
20 17.32 10 | 4.145+00 | 1157 | 9.716+03 | 13.37
40 3464 20 | 5.479-01 10.07 1.392+03 | 33.19
80 69.28| 40 | 2.258-02 12.88 | 3.277+01 12.81
120 (10392 60 | 5.929-03 7.47 1.191+01 12.29
160 |13856| 80 | 3.157-03 9.31 6.326+00 | 12.95
200 |173.2 100 | 1.824-03 7.14 | 3.832+00 | 1352
240 (207.85] 120 | 1.243-03 7.41 2.580+00 | 13.80
280 |[242.49| 140 | 8.601-04 6.85 1.825+00 | 14.14

°2.391x10"' EHT,
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Neutron Dose Equivalent Rate ( x#Sv/h)
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Power distribution (n- Watt™")
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FLUX (/SEC * CM?)
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Reaction Rate (s !-¥!)
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197Au(n, ¥ )1°7Au Reaction Rate (s™!-W°1)

X2 6
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# OB s ik 3 S *&ﬁéh%%{\l 10°2 e 5 p
1) 3 B~ »~ V| Hz s % W Zz = 107 74t f
% A k¥ N mkg/st Avrzbo—a A 107 7 b a
T, i s~ 2 8 0 Pa N/m* N — % b
TR~ {t?,ﬂ% Y o a - J N-m IN - 1% bar ()
L%, BR&&E|7 » +| W| Js # W Gal LR -5 (EMEMR] 85K, EHE
EAR., M7 -0 v C | As + a0y - Ci ERER 1985 FHITICL B, 751, 1 eV
B %It.;@@h + /v_ i~‘ v W/A A Y R BLU 1 uDfEiz CODATA D 1986 F #:42
N R D
o < - 7 L rem " B
RV A AR AN S RV B2 3 A/V 2 RAKBEBE, ok, Ton, sy
B H w2 — o~ Wb | Vs | A=0.1 nm=10""m GBI NTOABABORMELOT
B % ¥ ® |7 2 5 T | Wh/m? 1 b=100 fm= 10-%% m? CTREBLE, ]
N ; . . ) _ =14 5
12875 22|~ = Ho| Wb/A | bar=0.1 MPa<10°Pa 3. barid, JISTRKEDEHEERHTIS
t v RRE ey C | Gal=1 cm/s? = 10~ m/s? ﬁ;cmqﬁgg)ﬁ-}jn)_‘Cﬁﬁgn—(“
¥ Kiw — 4 v Im cd- st al=lem/s = m/s 2
i3 2 1Ci=3.7x10'°Bq °
e 7 2 x| im/m . 4 ECHMMEELISS T bar. barnkis
e a4t El~ 2 L ol B s 1 R=2.58x10"'C/kg . . )
i © a ) SN X0Y: E 0! mmHg % %20 7 37
WO & g7 v 4 Gy J/kg lrad=1cGy=10 *Gy CARTLE
B OB MM B|v-~nat| Sy J/kg Irem=1¢cSv=10"?Sv °
% -] %
71 N(=10°dyn) kgf 1bf £ |MPa(=10 bar) kgf/cm? atm mmHg(Torr){ 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 h 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
X5 & 1Pa.s(N.s/m?)= 10P(# 7 ) (g/(em-s)) 1.33322 x 107 | 1.35951 x 107 | 1.31579 x 10-? 1 1.93368 x 1072
BHE 1m¥/s=10'St(z F — 7 2) (cm¥/s) 6.89476 x 107* | 7.03070 x 1072 | 6.80460 x 10-2 51.7149 1
! J(=10"erg) kgf*m kW« h cal (GtR#) Btu ft « Ibf eV 1 cal = 4.18605 J (3t &7k)
% 5 | R
w 1 0.101972 277778 x 107" 0.238889 9.47813 x 10°* 0.737562 6.24150 x 10 =4.184J (#fk=)
e
I 9.80665 1 2.72407 x 107¢ 2.34270 9.29487 x 10°* 7.23301 6.12082x 10" =4.1855J (15°C)
%: 3.6x10° | 3.67098 x 10* 1 859999 x 10° 3412.13 2.65522 x 10 | 2.24694 x 10?* =4.1868 J (A ERE)
. 4.18605 0.426858 | 1.16279 x 10°° 1 3.96759 x 10* 3.08747 2B1272x10"  rgg | ps (L))
[ 1055.06 107.586 2.93072 % 10" 252.042 1 778.172 6.58515 x 102! - 75 kgf-m/s
1.35582 0.138255 3.76616 x 1077 0.323890 1.28506 x 1073 ] 8.46233 x 10! = 735.499 W
160218 10" " | 163377 x 10 **| 445050 x 1072°| 382743 x 10" | 1.51857x 10 22| 1.18171 x 10-1* 1
bivd Bq Ci l”&i Gy rad g’df C/kg R L Sv rem
s e — ] - L=}
a 1 270270 x 10 " @ 1 100 9 1 3876 g 1 100
fig o4 g2 7
3.7 x 10 1 0.01 1 2.58 x 10°* 1 0.01 |

(86 % 12 H 26 HBI{D)
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