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PEFRES

@ Total neutron yield extrapolated from the experlmental data of M.R.
Hawkesworth * T T T T T T T T T T _=2—>7 """

Li(p,n) —

YRR

: P RER:
: - 10'2n/sec@100pA
: -

it E

e | : Li !_L [ T

S OMBARDING [ON ENERGY W]
€ From an empirical formula* * :
2,05 1
Yn(Ep) = 3.42 x 10%(E, — 1.87)"" (n/nC) Yn=9.8E+9 n/pC

* M.R. Hawkesworth, Atomic Energy Rewew 152 (1977), p 169

* * C.M. Lavelle, et al, Nuclear Instruments ancﬁﬁ?lle%?oggs In 01saljcs 8esearch A 587 (2008) 324-341



Neutron and Gamma Source Data

v'Neutron energy spectrum: Use TOHOKU Univ. data of 11 MeV* * for 7MeV by
assuming linear relationship

Meutron Flux [n/(MeV. pC.Sr)]

** JWIEKRE qo/OraY-REVA2— GBHEl etal, EWNVI— VDD ERFHEFARYE
JLOEITE —11 MeVBEFIZ&kDmtBe(p xn) Rt —, 2006 R FHNEREDER



Neutron and Photon Source Data

€ Photon data (from target) was based on the experimental data by
J. Raisanen, et al * :

Absolute y-ray yields

Isotope E ¥ Reaction®  Absolute y-ray yield ¢
[keV] [(»Csr)™"]
7 MeV 9 MeV
Li ¥ 429 2 4.33(7) 2.23(8)
478 1 3.59(8)  2.09 (9)
IBe 1562 3 1.95(8)  1.86(8)

»>Photon only generated from *Be(p,a, 7)°Li when °Be bombarded by proton
with energy of 7.0 MeV, and the energy is 3.562 MeV

»N,;=1.95E+8 photons/(nC sr)

»The spin of 3.562 MeV state in °Li means the angular distribution of
outgoing photon must be isotropic in the center of mass * *

*J. Raisanen, et al, Nuclear Instruments and Methods in Physics Research B28 (1987) 199-204
** W. B. Howard et al, Nucl. Sci. Eng, 2001
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Moderator/Reflector/Shield calculation

> Tool: Monte Carlo calculation with PHITS code

Y/

B Graphite
B Aluminum
BN | ead

= pE

= BPE

== Nb
1 Air
- B Be
/Z KURREA R4 FIEWS 2013Jan18 12




Moderator/Reflector/Shield calculation (thickness)

Material: PE Thermal neutron: 1.0E-9 MeV~5.0E-7 MeV
8 00E+04

T H0E+04
T ODE+O4
6 B0E+04
6 O0E+04
5 H0E+04

o O0E+04

Thermal neutron flux at 5 m (cps/cm?2)

4 H0E+04
i 4 § g 10

Moderator Thickness (cm)

Moderator with thickness of 4 cm has best moderation effect
KURRHE £ FIEWS 2013Jan18
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Moderator/Reflector/Shield calculation (height)

T AGE+D4
T A44E+04
T A42E+04
T ADE+D4
T.38E+04
T .36E+04
T 34E+04
T.32E+04

T.30E+04

Thermal neutron flux at 5 m (cps/cm?2)

T 28E+04
12 14 16 15 20 s 24

Moderator Height (cm)

Moderator with height of 20 cm has best moderation effect

KURXREASR 4 FEWS 2013Jan18



Performance and raditation shielding estimation
of RANS by PHITS code

Multi-layered shielding is designed Thermal neutron flux vs L/D Source data by 1H.Gibbons(1959)
and optimized by using PHITS code. 108407 /e
1.0E+06 :E:ux atg m (54MeV 1mA)

1 Estimated flux of
Riken-RANS

4.8x10%*n/cm?/s
(7MeV 100uA)

1.0E+05

1.0E+04

Flux of thermal neutron (1/cm2/mA)

1.0E+03

0 50 100 150 200 250

. Sufficient neutron flux for
radiography.

Total size of TMR shielding is P e b i g v
about 1.8m cubic. Less than 25 10" N 1 Thermal neutron
tons. o | / } flux is estimated
' y to be
7 10" | _ srr At d 8x10*n/cm?/s.
s : Also fast
T g # 3 neutrons can be
. Radiation dose at the b ~: utilized for non-
5 | surface of target Eo destructive
¢ | station surface is 107 ok stk itttk itk testing.
> 107907107 %071005107 07107 07710° 10"
below 1OOUSV/h Energy [MeV]
(neutron + gamma)

Neutron Spectrum at 5m from target

Based on the source data by S.Kamata (2006)
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Moderator/Reflector/Shield calculation

.
) I
=

11.4m

Must be safe

1.7nf enough

10cm =

> < ><
3

c = II
cm o 2.0m
— \1/1 5m

t Top View
Height of room: 3m Neutron and photon distribution along line of

Center of TMR: 1.25m from bottom 1m from ground and 2m from center to check
Current design of Hazama concrete height: 2m radiation level
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Moderator/Reflector/Shield calculation

WTest1

Lovx7nough

Hg15000

Photon (uSv/h)

2000
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m
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w

The design for shielding photon is enough
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Moderator/Reflector/Shield calculation

Neutron Distribution (Top View)

KURZEA 4 FEWS 2013Jan18
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Neutron (uSv/h)

Too high, have to find the radiation
source and take measures to reduce it

Z (cm)
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Moderator/Reflector/Shield calculation

KURXRHI 14 FJRWS 2013Jan18




Moderator/Reflector/Shield calculation

KURZEA 4 FEWS 2013Jan18
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Moderator/Reflector/Shield calculation

Z (cm)
Averaged: 2.01 pSv/h with proton monitor hole

KURXREA 14 F;EWS 2013Janl8 22
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o FIC . KFRLAEEEEMEBeZFZEE LI — T YNEEEL,. TDMEEEA
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Target thickness calculation by stopping power

PSTAR : Stopping Power and Range Tables for Protons

2)

,
er (MeV em™/,

Stopping Pow

10"

10

10°F

10°E

BERYLLIUM

, —— ,
=3
=)
1 [72]
3 7))
3 (0]
C
X
©
e
|_
o ©
: o
©
|_
(]
] m

| ISR T | ]

10° 10" 10° 10’
Encrgy (McV)

Total Stopping Power

Be thickness

3.5->2MeV: 75 um

ool [ "> 2MeV: 368 um

| -> . .
oo ] 13 2MeV: 114 mm/
2000 - )
1500 - //
1000 /
500;

04--*'
2 4 6 8 10 12 14 16 18 20 22

Input Energy [MeV]

Stopping power calculated by PSTAR and required thickness of Be target

- Required thickness for 7 MeV input is 368 um
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Materials for hydrogen diffusible metal

Vv Nb Ta Pd Al Cu
Hydrogen diffusion a . . e ) *4 (14
coefficient [m?/s] @25 °C 510 8107 210710 4*10°" 107 210
Hydrogen embrittlement 3.5x 104 7.4 x103
limit [mol/m?3] (H/V:0.3)*] (H/Nb 0.08) ) ) ) i
Yield Strength [MPa] 80 110 180 34.5 30** 70%**
Strength limit for design 20 (5.5 327(55) | 6.3(55) | 5555) | 127 (55
[Mpa] (Safety factor) 14.5(5.9) (5:5) (5:9) (5:9) | 5.5(5:9) 7(5.9)
Thermal conductivity 30.7 53.7 57.5 71.8 237 401
[W-m~1-K1]
Melting point [°C]: 1910 2477 3017 1555 660 1084

*Brittle mode of pure vanadium: (approx.) H/V 0.3 @ 200 K

** AI1050-0
**%99.9% Cu

mmm) Relatively good performance

KURZEA 4 FEWS 2013Jan18
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Activation of metals by neutron

Element Activated Half-life
Product

Vv 22\/ 3.7m

Nb *Nb 2x10%a

Ta 18274 115d

Pd 109pd,  103pd 13.7h, 16.9d,
103mRh 56.1m

Al 28\ 2.2m

Cu 64Cu, %°Cu 12.7h,5.1m

Activated product of Vanadium has very short half-life, so maintenance of target
can be conducted shortly after the operation halt.

KURZEA G 14 FEWS 2013Jan18
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Hydrogen and thermal energy distribution (vanadium
case)

SRIM calculation ..
Thermal energy flux = lonization + phonon

Proton stop on hydrogen diffusible
metal

Sputtering effect by proton radiation
was not observed

=)

KURXREAR £ FIRWS 2013Jan18 27
SRIM - The Stopping and Range of lons in Matter: http://www.srim.org/




Chemical consideration

Chemical consideration by COMSOL multiphysics, where thickness of vanadium
IS 4.4 mm

» Maximum concentration of H ion is approximately 1.7 mol/m3

KURXREA 14 F;EWS 2013Janl8 28



Chemical consideration

\% Nb Ta Pd Al Cu
Maximum concentration of 17 8.9 29 310 1.4*105 | 5.7*105
hydrogen ion [mol/m3] @ 10kW ' '
Hydrogen embrittlement limit 35x104| 7.4 x 103 Unknown

[mol/m3]

» It is expected that hydrogen embrittlement on the target system
may not occur since vanadium and niobium plate can diffuse H
ions successfully to the coolant surface.

KURZEA 4 FEWS 2013Jan18
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Actual Target Design

Cooling cavity, backing plate and
beryllium target
(decomposed in 3D CAD)

3D hydro-thermal analysis of cooling

Prototype of target plate
(blazed)

KURXRHI 14 FJRWS 2013Jan18
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Reflector, neutron beamline
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