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Investigation on the JRR-3 High Performance Cold Neutron Source
Toshio KUMAI, Peng Hong LIEM * and Youji HORIGUCHI
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(Received January 23,2002 )

Cold neutron source is a vessel containing cold neutron moderator, such as liquid
hydrogen, installed in a reactor to convert thermal neutrons into cold neutrons with very low
energy (approximately 5 meV). Cold neutrons are extracted out of a reactor via
experimental holes and neutron guide tubes, and then utilized for cold neutron beam
experiments to study various material properties. High intensities of cold neutrons are always
demanded for increasing the experiments' effectiveness and accuracy.

This report describes the investigation effort for obtaining the CNS moderator cells
which give higher cold neutron intensity as one part of the JRR-3 performance up-grading
investigation. In the investigation, survey calculations were conducted on several moderator
cell models, which give higher cold neutron intensity than the existing cell, and basic
specifications of the optimal moderator cell were determined by taking into account practical
aspects. '

In the survey calculations using a Monte Carlo code MCNP4B2, the cold neutron
spectra at the experimental hole were obtained by considering the liquid hydrogen CNS
moderator cell's shapes, materials, dimensions, positions etc. as parameters to be optimized.
In the investigation effort, the optimal moderator cell basic specifications are investigated
taking into account other parameters not included in the survey calculations, such as the
feasibility for fabrication, installation, operatibility etc.

Based on the investigation results, the basic specifications of a new
boat-bottom-type CNS moderator cell were obtained where the new CNS moderator cell can
produce cold neutron intensity about two times higher compared to the existing CNS
moderator cell. The boat-bottom-type cell basic configuration has a concave surface facing
the experimental holes, walls made of aluminum alloy with 1 to 2 mm thickness, and liquid
hydrogen thickness of 25 mm.

Keywords: Cold Neutron Source, Cold Neutron Spectra, Liquid Hydrogen, Moderator Cell,
MCNP4B2, Boat-bottom-type, Aluminum Alloy, JRR-3 -

* NAIS Co. Inc.
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(b) Vertical section through center-line of beam tube
Fig. 1.1 Arrangement of cold neutron source and beam tube (dimension in mm)
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Table 2.1 Liquid hydrogen composition (g/cm®)

TuRA RAIEHNE (%) #HH9 % wlo MCNP GtEHEE
H2 100.0 0.071
&t 100.0 0.071
s % Wk kE (HEEH) Hig PRI 63 fit

Table 2.2 SUH660 equivalent alloy (NF ZENCTDV25-15B) composition (g/cm?)

TR FRAIBEIE (%) A3 % wio MCNP B &K
C 0.051 0.051 4,049%10°
Si 0.21 0.21 1.667%10?
Mn 0.47 0.47 3.732x10?
P 0.008 0.008 6.352%x10™
S 0.002 0.002 1.588x10™
Ni 25.25 25.25 2.005
Cr 14.6 14.6 1.302
Mo 1.27 1.27 1.008%x10™
\; 0.28 0.28 2.223%10?
Ti 1.75 1.75 1.390%x 10"
Al 0.154 0.154 1.223% 102

B-10 0.0013 0.0013 1.902%x10°
B-11 8.420x10°
Cu 0.06 0.06 4.764%10°
Co 0.051 0.051 4,049x10°
Fe 55.8427 55.8427 4.434
BE 100.0 100.0 7.94
e EEE K i
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Table 2.3 A5052 composition (g/cm®)

Ik £ A RHIE (%) #H 3% wio MCNP B A%
Cu <0.10 0.0
Si 0.45 0.0
Fe 0.0
Mn 0.1 0.0
Mg 2.2-2.8 2.238 5.984 X102
Zn < 0.1 0.0
Cr 0.15~0.35 0.1526 4.080%10°
ZF At <0.15 0.0
Al %D 97.6094 2.60984
&at 100.0 100.0 2.67376
£ LS, BEKSY High JAERI-memo
7. E—LFa—-7 61-333
Table 2.4 A6061 composition (g/cm?)
n#H R B (%) tE/ 7% w/o MCNP & %
Cu 0.15~0.40 0.0
Si 0.40~0.80 0.0
Fe 0.7 0.0
Mn <0.15 0.0
Mg 0.8~1.2 0.8274 2.176 X102
Zn <0.25 0.0
Cr 0.04~0.35 0.04137 1.088x10°
Ti <0.15
ZDfth <0.15 0.0 2.60712
Al %D 99.131
=1 100.0 100.0 2.629968
e H2AES Hig JAERI-memo
N 61-333
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Table 2.5 Heavy water composition (g/cm®)

vk ¥ R EFIE (%) /3 % wio MCNP Gt HAEE
D 2.224%x10™
0 8.833x10™
At 100.0 1.1057
B HK Higt JAERI-memo
61-333

Table 2.6 Light water composition (g/cm®)

n#E% R BE (%) #HT 3 wio MCNP B R®BE
H 1.117x 10"
o} 8.868x 10"
et 0.99857
] K Higt JAERI-memo
61-333
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Fig. 2.6 Cold neutron spectra calculation procedure
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Table 3.1 List of parametric survey calculations for suito-type moderator cell

Parameters Result
Moderator Thickness & Wall
Case Volume Other Cold ?‘e“‘?g‘ Flux
x 1E-
Body (mm)| Volume (cc) | Thickness (mm)| Material Parameters n/cm2.eV.source)
711-6k 50 792 0.8 Sus Original Cell '2.94
711-7k 30 475 0.8 SUS 3.57
711-8k 20 317 0.8 SuUs 3.43
711-9k 60 950 0.8 SuUsS 2.69
711-ak 30 475 0.8 Al 4.23
711-bk 30 475 0.8 Al Be reflector 447
711-ck 30 475 1.5 Al Be reflector 4.46
711-dk 30 475 2.0 Al Be reflector 4.45
711-ek 25 396 0.8 SUS 3.64
7114k 35 554 08 SUsS 3.54
711-hk 70 1100 0.8 SuUS 2.37

Note:
* Cold neutron flux: maximum value in the range 3.5~4.5 meV

Table 3.2 List of parametric survey calculations for yatsuhashitype moderator cell

Parameters Result
Case Moderator Part, Thickness, Position & Total Volume Wall Cold Neutron Flux
(x 1E~5
Upper Bottom | Volume | Thickness . .| n/cm2.eV.source)
Body (mm) Part (mm)| _Part (cc) (mm) Material
mnd-3k 20 20 (Be) 1026 0.65 Al 5.90
mnf-3k 20 20 (Be) 20 1433 0.65 Al 6.50
mng-3k 20 (short) 20 (Be) 20 1305 0.65 Al 6.64
mnh—3k 20 (short) 20 20 1305 0.65 Al 6.41
mnj—3k 20 (short) 20 20 1305 1.00 Al 6.37
mnk-3k 20 (short) 20 20 1305 1.5 Al 6.31
mni-3k 20 (short, small ) 20 20 1086 0.65 Al 5.85
mnm-3k |20 (short,small,angle 30) 20 20 1086 0.65 Al 6.30
mnn-3k 20 (short ) 20 20 1245 0.65 Al 6.39
mno—3k 20 (short, angle 45) 20 20 1245 0.65 Al 5.99

Note :

* Shape of parts : upper part — disk, body — yatsuhashi, bottom part ~ cap

* Body height : short — 173 mm, the others — 190 mm

* Outer radius of body : small — 60 mm, others - 65 mm

* Orientation angle formed by crossing center lines of cell and beam tube : angle — 45, 30 ,the others - 0°
* Cold neutron flux: maximum. value in the range 3.5~4.5 meV

* Upper part: Be — with Be reflector, the others — without Be reflector
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Table 3.3 List of parametric survey calculations for boatbottom-type moderator cell

Parameters Result
Case Moder;tor Thicane:ts & Volume Wall o Cold ?le:‘gog Flux
pper ottom : ther x 1E-
?r:r:!; (':::t\ (F::S Vt():::;‘o Thétr:rl:nr:;ss Material n/cm2.eV.source)
ymi-3k | 20 20 20 856 1.0 Al 5.84
20 shifted to
ym2-3k | 20 20 20 856 10 Al the beam tube 5.42
ym3-3k { 25 25 25 1003 1.0 Al 5.83
ymd4-3k | 30 30 30 1127 1.0 Al 5.66
ym3fi 25 25 791 1.0 Al 5.29
ym3f2 25 25 791 1.0 Al 5.33
ym3f3 25 578 1.0 Al 4.83
ym3vl 25 25 25 903 1.0 Al void frac 10% 5.98
ym3v2 25 25 25 802 1.0 Al void frac 20% 5.86
ym3v3 25 25 25 702 1.0 Al void frac 30% 5.74
10 shifted to
ym5-3k 25 25 25 1003 1.0 Al the beam tube, 5.57
20 lifted up _
20, d of
ym6-3k | angle | 20 20 856 10 Al reversec o 2.99
180 ym3-3k
ym7-3k | 225 225 22.5 921 1.0 Al 5.84
m8-3k | 25 25 25 1003 2.0 Al 5.81
ym10-3k| 17.5 115 17.5 784 1.0 Al 5.15
ym11-3k] 15 15 15 693 1.0 Al 5.52
Note

* Shape of parts: upper & bottom parts — half cap, body -~ boat bottom

* Body height & outer radius: 143 mm & 65 mm
* Orientation angle formed by crossing center lines of cell and beam tube
angle — 180, the others — 0

* Cold neutron flux: max. value in the range 3.5~4.5 meV

for suito-type moderator cell with 0.8 mm thick SUS wall

Table 3.4 Parametric survey on the liquid hydrogen thickness

r—24 E@5A—% HERER (BAMH)
WA KFEE I mm
20 | 25 | 30 | 35 | 50 | 60 | 70 | PHHTRXION| ot
n/cm®.eV.source
711-8k 0] 3.43 117
711-ek 0] 3.64 1.24
711-7k 0) 3.57 1.21
7111k 0] 3.54 1.20
711-6k 0] 2.94 (E¥(H) 1.00
711-9k 0) 2.69 0.91
711-hk (0] 2.37 0.81

T BFEKREOBEARDEZIISOMMmTH S (7 —2711-6k)
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Table 3.5 Parametric survey on the cell wall materials for suito-type moderator
cell with 30 mm thick LH, and 0.8 mm thick wall

r—2% | BB A-S AHERR (BKE)
ERE TS
sus | w [FHETRXIO e
n/cm*.eV.source
711-7k 0] 357 1.21
711-ak O 423 1.44

Table 3.6 Parametric survey on the aluminum alloy wall thickness
for suito-type moderator cell with 30 mm thick LH, and Be reflector

r—2% E#ITA—5 HERHR (BAME)
Al ZEEEHE S mm
08 | 15 | 20 |PHETRXO| o e
n/cm*®.eV.source
711-bk 0] 447 1.52
711-ck 0O 446 1.52
711-dk 0] 4.45 151

Table 3.7 Parametric survey on the length of the body part for yatsuhashitype moderator
cell with 20 mm thick LH2, 0.65 mm thick Al wall and Be reflector

r—2%4 &5 A—F FEMAR (BKE)
SRS
B ) HrpfEF#R x10°
190 mm 173 mm n/cmZ.eV.source BHE KR
mnf-3k 0 6.50 2.21
mng-3k 0] 6.64 2.26

Table 3.8 Parametric survey on the radius of the bodypart for yatsuhashi-type
moderator cell with 20 mm thick LH, and 0.65 mm thick Al wall

J—2% | EBNIX-F BSHREGR (BKE)
AREBDINE
7 K| dpEFE x10°
60mm | 65mm | njem’eV.source B AR
mni-3k ) 5.85 1.99
mnn-3k 0) 6.39 217
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Table ‘3.9 Parametric survey on the bottom-part effects

for yatsuhashi-type moderator cell

r—24 E@ISA—-% SERR (BXiE)
£ IVIEES
| om | PHETRXO ek
n/cm“.eV.source
mnd-3k 5.90 2.01
mnf-3k 0] 6.50 2.21

Table 3.10 Parametric survey on the orientation angle effects for yatsuhashitype
moderator cell with 20 mm thick LH2 and 0.65 mm thick Al wall

J—2% E#HNI A% SRR (BAHE)
REAE ARERODSEE
ST | k| TR x10° ]
0 %0 s 60 mm {65 mm | n/cm®.eV.source RFAKIRIEEL

mnl-3k |. O 0 5.85 1.99
mnm-3k 0] 0] 6.30 214
mnn-3k | O 0] 6.39 217
mno-3k 0] ) 5.99 2.04

Table 3.11 Parametric survey on the aluminum alloy wall thickness
for yatsuhashi-type moderator cell with 20 mm thick LH, and short body

r—2% EHIS A—F SRR (BXAH)
Al B Emm
065 | 10 | 15 ?%Mf;ﬁ x10° Bk
n/cm®.eV.source
mnh-3k 0 6.41 218
mnj-3k ) 6.37 217
mnk-3k 0] 6.31 2.15
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Table 3.12 Parametric survey on the liquid hydrogen thickness
for boat-bottom-type moderator cell with Al 1.0 mm thick wall

r—2% E#S A% AHERR (FBKME)
Witk K FEEmm
5 |175| 20 |225| 25| 30 | PPETRXT g rme
n/cm®.eV.source

ymii1-3k | O 5.52 1.88
ym10-3k 0] 5.75 1.96
ym1-3k 0] 5.84 1.99
ym7-3k 0] 5.84 1.99
ym8-3k 0 5.81 1.98
ym4-3k 0) 5.66 1.93

Table 3.13 Parametric survey on the cell parts contribution for boatbottom-type
moderator cell with 25 mm thick LH», and 1.0 mm thick Al wall

r—24 E#)5 A—F AHERR (BAME)
i
e g | TEIRXO A
n/cm*®.eV.source

ym3-3k <] r <1 5.83 1.98
ym3f1 i3 A 5.29 1.80
ym3f2 Z <] " 5.33 1.81
ym3f3 i i3 4.83 1.64

Table 3.14 Parametric survey on the cell position effects for boat-bottom-type
moderator cell with Al 1.0 mm thick wall

r—24 EE#NSA—-H SHERE (BKHE)
R AR ENL LEFER x10°
" VEE | g |0 e it
mm mm n/cm‘.eV.source
ym1-3k 20 5.84 1.99
ym2-3k 20 207K 542 1.84
ym6-3k 20 180 ° 2.99 1.02
ym3-3k 25 5.83 1.98
10KE,
ym5-3k 25 557 1.89
JE HFE20
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Table 3.15 Parametric survey on the void ratio effects for boat-bottom-type

moderator cell with 25 mm thick LH, and 1.0 mm thick Al wali

2

br—24% BT A—F HERR Bkl
A FERY%
HPHETFIR x10° | BEfAMRI
o | 10| 20 | 30 ) ® AR
n/cm®.eV.source |24
ym3-3k O 5.83 1.98
ym3v1 o 5.98 203
ym3v2 O 5.86 1.99
ym3v3 o 5.74 1.95
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Fig. 3.1 Neutron spectra of different thickness of liquid hydrogen

for suito-type moderator cell with 0.8 mm thick SUS wall
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Fig. 3.2 Change of cold neutron flux as a function of liquid hydrogen
thickness for suito-type moderator cell with 0.8 mm thick SUS wall
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Fig. 3.3 Neutron spectra of different materials, aluminum alloy and stainless steel,
for suito-type moderator cell with 30 mm thick LH2 and 0.8 mm thick wall
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wall thickness for suito-type moderator cell with 30 mm thick LH,
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Fig. 3.6 Neutron spectra as a function of length of the body-part for yatsuhashi-type

moderator cell with 20 mm thick LH, and Be reflector
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[& m ﬁ fi 7 v 4 Gy J/kg 1rad=chy=10 Gy I ARTVS
" OB % BE|v-—“<nAbt| Sv| Jke 1 rem=1cSv=10"2Sv
® =" =
41| N(=10%dyn) kgf Ibf E | MPa(=10bar)| kgf/cm? atm mmHg(Torr)| 1bf/in?(psi)
1 0.101972 0.224809 1 101972 9.86923 7.50062 x10° 145.038
9.80665 1 2.20462 A1 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ B 1Pa-s(N-s/m%=10P (7 X)(g/(cm-s)) 1.33322x107* | 1.35951x1073 | 1.31579x10% 1 1.93368x10-2
BIREE  1m?/s=10%St(A b — 2 X)(cm?/s) 6.89476 x107%|7.03070x10°2 | 6.80460x10"2 51,7149 1
;—. J(=107 erg) kgf-m kW-h cal(FH &) Btu ft-1bf eV 1 cal= 4.18605J (&)
n 1 0101972 |2.77778x1077| 0.238889 | 9.47813x107*| 0.737562 | 6.24150%10" = 4.184] (#M{L2)
¥
] 9.80665 1 2.72407x10°¢| 2.34270 9.29487x107%| 7.23301 6.12082 x10 = 4.1855] (15°C)
{:.[: 3.6x10° 3.67098x10° 1 8.59999x10° 341213 2.65522x10° | 2.24694 x10% = 4.1868] (EE&ALA#)
? 4.18605 0.426858 | 116279x107° 1 3.96759x107%|  3.08747 261272x10°  fww ] PS(AEH)
# -
B 1055.06 107.586 | 2.93072x10"%| 252.042 1 778172 6.58515x10% - 75 kgf-m/s
-7 -3 18
1.35582 0138255 | 3.76616x10 0.323890 | 1.28506x10 1 8.46233%10 - 735.499W
1.60218 107" | 163377 x102°|4.45050x107%%| 3.82743 %10 2| 1.51857x107% | 1.18171x10™"° 1
i 4 Bq Ci % Gy rad ® C/kg R i Sv rem
Ll 1 - £ ] 100 | =
" 2.70270x10 g g 1 3876 % 1 100
3.7%10% 1 0.01 1 2.58x10"¢ 1 i 0.01 1

(864E12H 26 HBE)
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