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Experiment and Analysis Based on a Simplified Method of
Neutrons Streaming Through a Rectangular Air Duct

—Duct Wall Parallel to a Lateral Face of Reactor Core—

Akio Yamajr and Toshimasa MIura

Abstract

An experiment on neutron streaming through a rectangular air duct is performed to provide
data useful for reactor shielding design and also for checking the accuracy of two- and three-
dimensional transport codes. In the experiment the duct axis was set parallel to the lateral face
of the core of JRR-4 pool-type reactor at JAERI. For its analysis a simplified calculational
method is applied to predict neutron flux in the duct, which is found to calculate it within an
accuracy of 50% at the height of 5 times as high as that of the core.
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Fig. 1 Configuration of JRR-4 core and air duct (horizontal section)
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Fig. 2 Configuration of JRR-4 core and air duct (vertical section)

Table 1 Specifications of Activation Detectors

Dimension Effective
Detector Reaction Threshold
(mm) Energy (MeV)
100 x 5

AL 2751 (n, ) 2%Na 8.1

406 x 6.5
Mg 304 x 6.5 24Mg (n,p) 2%Na 6.3
n 300 * 6.5 %420 (n,p) ®4cu 4.4
Ni 300 * 6.5 581 (n,p) *8co 2.8
Au 10 x 10 x 0.025] *7Au(n,y)1%%Au —
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BHEHI LN LN ORGITTLIREBIC XS v F—
BHRZ T 5 HAT Fig. 2 wRTElESE 2 BEicsy
FCfTote s, —HORIERITKLTIEY v F—
PHREFARB DL FRORMIC T L TRIBBRZE
XREEELHM LT, ZOBE, 200K GRMICIX
HERZIBEDLNT, ¥+ F—2REMEE LR
WZEDRHLMP R T BT, FRHATELITE=
# —tEHEY £ 7 FMEEOR RN, =4
—REBORICEZ LV FEFFELNREL 7 B
A IEDNC T B HIE 21T - 720

(121)




34

7r33, Fig. 2 @ Position @ iz oW TliE, &0
RN XDy <~HBEREORIE LT -7,

(3) JRR-4 OIEE

KERBRICRITS JRR-4FLEER Fig. 1 @R d,
BEHRIIER T Y, 20 KOBBEE»LL S, &
PEIERIT 15 HOBEHR» SR I TV 5, K
#Hix 0.38mm EXD7A 3=y ATHEXN Y S
VoA I =w AS4 (19.41wjo U) X s, BmE
BEEOMNETH:IZ 80x80x 1,025 mm (FX) TH b,
FiHEX 600mm TH5, FMEER L 173g v
FVRED, TO5bY TV 235 DRI 166 g (89.87
wlo #U) TH D, MEEXOFME Fig. 3 1R,
20 ROWEIEEOEMIc Fig. 1 @RT X5 ity
[l X 693 mm O RAHAER, PdETFIRILRCIRSTIL
BdH5b, FHlx Fig. 4,5 AT, WwEMTEKTH
b, ETFEEEERICRIT BFELHOBEKOIBELL
36°C TH 5, HliRIL 4 HOMFALELREK, 1D
MR R R 2D BKIEAZ 7 A RE D 55, FER
VPR L SR RO AR R & P02 20 em A
L, %A 27 7 2iREG IR 7IREBTIT - 72 Fig. 6
CHIEMR O E T T FLOES 15mm O7 L 3
= ABIOF.LE v 7 BT BhTw B, KRG

I-— 74
77
80

h

3 Fine control blade

4

74
717
80

Safety blade

0.1 —> he— —m L—O 48
e 7.04——4T" 0.17
6.7
| e = Ly
I n
1 n
| ©
l t -
—~ .
— | lnwowo
- ‘ U-al y e g o
i lo & ©
} | °
| Al \
!
1 |
|

—J
01‘—>1<—'

Dimensions in mm

Fig. 3 Fuel plates of JRR-4 fuel element
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Table 2 Atomic Number Densities of JRR-4 and Duct Wall (102 atoms/cm®)

Material Dimension u-235 u-238 Al [+ H 0
(cm)
Fuel * -4 -5 =2 52 52
element 8.1 x 8.1 x 60 1.078 x 107|1.200 x 10°{1.846 x 10 4.530 x 10“ {2.265 x 10
* ! -3 -2 53 =4
Reflector Rl 8.1 x 8.1 x 69.3 4.344 x 107 |7.326 x 10°|1.634 x 107 {8.171 x 10
* =3 =2 53 -4
Reflector SR,{8.1 x 15.05 x 69.3 7.749 % 107 16,956 x 10°{1.041 x 10° |5.204 x 10
3
Irradiation * _3 _2 -2
tube 8.1 x 8.1 x 69.3 8.522 x 10 5.558 x 10° (2,779 x 10
Neutron * -3 2 -3 -4
source tube 8.1 x B.1 x 69.3 5.385 x 107 15.969 x 10°{1.634 x 10~ {8.171 x 10
52 52
Water 6.677 x 10°13.338 x 10
Al tank 6.051 x 152
Material B c Fe Cr Mn Ni
Boron-steel |6.584 x 15° 7.73 % 15°]8.240 x 15%]5.145 x 152 1,434 x 152 ]6.781 x 154 1,188 x 152
=2
Iron 8.479 x 10
* included 1 mm thick water gap between the each element
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Table 3 Measured Reaction Rates

Position Reaction rate (sec-1~Watt—l)
(cm) attn, N | Pugin,p) e | Sznn,p ®cu | BNimp o | T auin, 1 P¥Pauca)
X Y std. (3) std. (%) std. (%) std. (1) [sta. (3) |
64.8| 0 0 |4.98 -24 | <1.0 [1.25 -23| <1.0 [2.00 -22] <1.0 |5.48 -22| <l.0
72.8 1.91 -24 " 5.18 -24 * 16.53 =23 . 1.93 -22 "
80.3 8.36 -25 " 2.00 -24 »  |2.68 -23 " 6.81 -23 .
83.5 5.43 -25 " 1.32 -24 «  1.30 -23 “ 4.02 -23 N 8.94 -21 | <1.0
91.5 4.50 -25 " 8.61 -25 » ]1.09 -23 N 3.40 -23 v 8.18 -21 "
99.5 4.12 =25 " 7.53 =25 v |9.65 -24{ 1.0 |2.86 -23 " 7.54 -21 "
102.7 2.73 -25 " 4.99 -25 " |5.81 -24 " 1.98 -23 .
110.2 1.21 -25 " 2.55 =25 " 2.39 -24 " 6.97 -24 4.4
118.2 5.99 -26 . 1.07 -25 “ ]s.03 -25 . 2.43 -24] 6.6
64.8 40 | 1.43 -24 " 3.29 -24 “ |4.57 =23 " 1.30 =22 <L.0
72.8 7.05 -25 " 1.45 -24 *  |1.69 -23 - 4.97 -23 .
80.3 2.68 -25 " 5.46 -25 " |7.61 -24 " 2.01 -23 "
83.5 2.14 -25 L] 3.91 =250 1.3 [4.43 -24 " 1.27 -23 v
9L.5 2,02 -25 " 3.57 =25 <1.0 (4.45 -24 " 1.23 -23 H
99.5 2.04 -25 " 3.41 -25 v la.46 -24 " 1.24 -23 "
102.7 1.36 =25 " 2.45 -25 " 3.04 -24 " 8.25 ~24 "
110.2 7.30 -26 " 1.09 -25 " 1,02 -24 " 2.94 -24 1.2
118.2 3.22 =26 " 4.16 -26 " 13.94 -25| 1.5 |1.14 -24| 2.9
64.8 80 | 6.71 -26 " 1.40 =25 " [1.33 -24f <1.0 |3.90 -24| <1.0
72.8 3.98 -26 " 8.36 -26 " 16.74 -25 . 2.02 -24 "
80.3 2.18 -26 | <1.0 [3.69 -26| <1.0 [3.61 -25| <1.0 |1.12 -24| <1.0
§3.5 1.21 -26 " 13.37 -26 " [3.51 -25 v |9.96 -25 " 8.89 -22 | <1.0
91.5 2.28 -26 " |4.00 -26 v la.97 -25 " |1.43 -24 " 8.70 -22 "
99.5 2.99 -26 v ls.88 -26 " 16,15 =25 * |1.84 -24 " 9.07 -22 "
102.7 2.00 -26 N 3.46 -26 " ]3.77 -25 v l1.01 -24 "
110.2 9.83 ~27 " 1.85 -26 " 1.40 -25 " 4.48 -25 "
118.2 4.61 =27 " 8.44 -27 1. 6.02 -26 1.0 1.73 -25 "
64.8 120 | 2,22 -27 " 3.77 -27| 1.6 |2.36 -26| 1.7 |6.90 -26| 3.9
72.8 1.32 -27 " f2.51 -27| 2.0 [1.62 -26| 2.1 |4.74 -26| 5.0
80.3 8.37 -28 2.0 {1.32 -27| 1.9 |[1.90 -26[ 1.5 |5.17 -26| 2.3
83.5 1.16 -27 1.0 [2.24 -27( 2.5 {4.38 -26( 1.1 [1.39 -25( 2.5
91.5 2.25 -27 1.1 {3.63 -27| 1.6 |7.03 -26| <1.0 [1.76 -25| 1.9
99.5 3.17 =27 | <i.0 |6.54 -27 1.1 |7.77 =26 " 2.45 -25| 1.8
102.7 1.78 -27 1.3 {2.83 -27| 1.7 |[3.08 -26 . 8.50 -26| 2.1
110.2 9.40 -28 1.1 |1.54 -27| 2.8 [9.65 -27 2.88 -26| <1.0
118.2 4.95 -28 1.5 |7.41 -28| 5.4 [4.40 -27 1.47 ~26 "
72.8 160 | 1.16 -28 2.3 — [2.05 -27
80.3 6.71 =29 6.8 8.94 -29 12 3.14 =27 8.29 ~27
83.5 3.67 -28 1.8 |6.54 -28] 6.1 [1.60 -26 4.70 -26 1.14 -22
91.5 4.92 -28 1.6 |7.76 -28| 2.7 [1.93 -26 . 5.38 -26 . 1.18 -22
99.5 6.50 -28 1.3 |1.35 -27| 3.1 [2.06 -26 6.69 -26 1.16 =22 1.8
102.7 1.58 -28 3.6 [1.89 -28| 6.5 [3.79 -27 9.86 -27
110.2 9.54 =29 3.1 — [1.19 =27 .
102.7] 0 | 100 1.00 -26] <1.0
15 8.28 -27 "
30 8.05 -27 "
91,5 o 34 | 2.36 -25( <l.0
15 2.15 -25 "
30 1.56 -25 N
84 0| 100 { 4.04 ~27 .6
85 4.39 -27 .2
86 4.38 -27 6.2
87 5.04 -27 5.6
88 4.92 -27 5.7
89 5.89 -27 5.0
90 5.54 -27 5.2
91 6.52 -27 4.6
92 7.00 =27 1.4
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