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Premoderator extension effect

for a decoupled hydrogen moderator

Masahide HARADA*, Makoto TESHIGAWARA¥, Tetsuya KAI,
Hideaki SAKATA, Noboru WATANABE** and Yujiro IKEDA

Center of Neutron Science
Tokai Research Establishment,
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 2, 2000)

To improve neutronic performance of a decoupled super-critical hydrogen moderator,
which is one of main moderators in a high intensity pulsed spallation neutron source
presently under development, neutronic characterization of the moderator surrounded by
lead reflectors was studied by using NMTC/JAERI97 and MCNP4A codes.

In a case of a flat premoderator installed between a target and the moderator, the gain
of a neutron intensity reached to its maximum at 1.5 cm of the premoderator thickness.
Then, the nuclear heat in the moderator decreased with increasing premoderator
thickness and the pulse time FWHM was not changed much. These results indicate that
the introduction of premoderator is very effective for improvement of a thermal
moderator. The premoderator which surrounded the moderator and extended to the
neutron beam hole was turned out to be effective. Also, it was shown that the
premoderator in lead reflectors was effective on neutronic performance in comparison
with those in beryllium reflectors.

Moreover, a poison was not favorable for the MW-class spallation neutron source
because of a great deal of nuclear heat generation. And it was found that best decoupling
energy was leV for moderator characterization. Then, the optimized moderator size and
viewed surface size were shown to be 12 x 12 x 5 cm® and 10 x 10 cm?, respectively.

Based on these results, we proposed a standard decoupled hydrogen moderator concept.

Keywords: Moderator Neutronics, Decoupled Hydrogen Moderator, High Intensity
Pulsed Spallation Neutron Source, Lead Reflector, Premoderator,
Neutron Intensity, Nuclear Heating, Time FWHM

* Post Doctoral Fellow
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#1 FELETFL-FOBE

Moderator Cold moderator Therml moderator Epithermal moderator
Purpose Cold neutron Thermal neutron Epithermal neutron
High resolution & high intensity High resolution High resolution
Neutron Energy 0.1-5 meV 5-300 meV >0.3eV
Moderator Material Super-Critical H, Super-Critical H, H,O
Moderator Temp.(K) 20 20 Room temp.
Coupling Coupled Decoupled Decoupled
£ 2 T)ETVL -V ESIREUIRETORESRN
Proton Beam
Energy Profile Size Beam power
(GeV) (MW)
1.5 Uniform distribution ~ 13.35 x 5.16 cm’ 5
Target
Material Shape Size
(W x Hx L cm’)
Hg Rectangular 17.35 x 8.16 x 60.0
Reflector
Material Size
(WxHxLcm)
Pb 80 x 160 x 120
Moderator
Material Size Poison Viewed Surface Size
(W x Hx L cm’) (WxH cm’)
Liquid H, 10x10x5 Gd, 50 pm 10x 10
Decoupler
Material Decoupling Energy
(eV)
B,C 1 (controlled density)
Premoderator
Material Thickness Geometry & Position
(cm) Main
H,0 0.0,05, 1.0, flat
1.5,2.0,3.0 between target and moderator
outside of decoupler
Geometry & Position Extension
Side (cm)
flat 5

between target and neutron beam hole

outside of decoupler
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£ 3 ) EFL— Y HIRIKAEESTR TORMESEN
(£ 2 LLBOSLHFIIE)

Premoderator
Material Thickness Geometry & Position
(cm) Main
H,0 , 1.0, 1.5 surrounding moderator
outside of decoupler
Geometry & Position Extension
Sub (cm)
surrounding neutron beam hole 0,5, 10

outside of decoupler

x4 S)VEFL— IR EAMBEERAUETORESRN
(£ 2 LILBOSLIITARE)

Reflector
Material Size
(WxHxL cmg)
Be, Pb 80 x 160 x 120
Premoderator
Material Thickness Geometry & Position
(cm) Main
H,0 00,10 flat
between target and moderator
outside of decoupler
Geometry & Position Extension
Sub (cm)
flat 5

between target and neutron beam hole
outside of decoupler

5 TFTHhYTI—MBEEERADILILEDTFThy 7)) v 7T ANVF—KENRFTE
TR RN
(% 2 LILADOEMIIAERE)

Decoupler
Material Decoupling Energy  Decoupler Thickness
(eV) (mm)
Sm, Gd, Cd 02,03,04 0.5
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26 FHYTT—EXREZAILILLEFTHy 7)) v XA VF—KAENEE

TORMESEM
(£ 2 LBORMITHN)
Decoupler
Material Decoupling Energy  Decoupler Thickness
(eV) (mm)
B,C 0.2, 1, 10, 100 0.3,0.7,2.0,6.0
Premoderator
Material Thickness Geometry & Position
(cm) Main
H,0 1.5 surrounding moderator
outside of decoupler
Geometry & Position Extension
Side (cm)
surrounding neutron beam hole 5

outside of decoupler

£ 7 EFL-YEIKEUFETCOFESRYE
(£ 2 LIBOLEMIZER)

Moderator
Material Size Poison Viewed Surface
(cm3) (WxH sz)
Liquid H, 10x10x5 Gd, 50 pm 10x 10
No
10x10x 8 Gd, 50 pum
No
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# 8 EFL—FH A XRCFHUTE— L5 LEY A ARG B TORTESEMN
(£ 2 LILBEBOFRMIIEE)

Moderator
Material Size Poison Viewed Surface
(cm3) (WxH sz)
Liquid H, 10x10x5 No 10x 10
12x12x35 10x 10
14x14x5 10x 10
12x12
16x16x5 12x 12
14x 14
Premoderator
Material Thickness Geometry & Position
(cm) Main
H,O 1.5 surrounding moderator
outside of decoupler
Geometry & Position Extension
Sub (cm)
surrounding neutron beam hole 5

outside of decoupler

#£9 EFL—FRUKRA XV TORREER
EFFL—FH A4 X 12X12X5em?, 3GeV, T EFL— Y E L TOFEEE

Nuclear Heat Volume Nuclear Heat/Volume
(kW/5SMW) (cm’) (kW/ecm’/SMW)
Poison 427 0.72 5.92
Moderator 547 719 0.015
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Reflector

Cold Moderator
Epithermal Moderator

Thermal Moderat:

Proton Beam
Target

1 =7y bET b—& -« KO EAE RS

Pulsed Proton beam

Hg Target

Premoderator
(H20)

Decoupler

K 2 FUVEFL—FOBREIMEEETOFEETTLO=ZRITH
HO 7VEFL—F %24 —Fy beTFHyTI—DRICREL. BFE—2u7L
L — AL EBRWT, KEETHZEATWA,
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H.O Premoderator B.C Decoupler

1 -L.g-H: Moderator

Neutron Path

3 FUETL—FESYIFRE T TV OB ¥ — AFRE R ORI
=y b FTh o T —DFIC, BEXE2EZT)EFT LY 2E&FBE LT,
COTVEFL—F R E—- A5 EHLEAAMICET L -2 XD 5em B HIL
TWh, BB, EFL—2omi2id, Gd B4 X VB A->Twhb,
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aterl Surface
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