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Abstract

We have been designing a neutron source for LLFP transmutation using spallation neutrons generated by irradiating a
liquid Cs target containing the LLFP nuclide '*3Cs with 100 MeV/u deuteron extracted from a cyclotron. In order to carry
out transmutation at a speed faster than the reprocessing speed of LLFP generated from 800 tons of spent nuclear fuel
processed at the Rokkasho Village reprocessing plant in one year, an accelerator that can supply a total of 1 A or more of
deuteron beams is needed. We plan operating 35 cyclotrons with an intensity of 30 mA in parallel to make the total beam
intensity 1 A. The fast neutrons generated the Cs target are decelerated to 100 keV or less than using Pd and heavy water
as moderators, and transmutate '"’Pd. In this paper, we report the current design of transmutation neutron sources and the

method to estimate the time evolution of transmutation amount.
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Figure 1: The neutron reaction cross section of (a) Cs and (b) Pd from JENDL-4.0. '7Pd has a (n,y) cross section smaller
than 1 barn at 0.1 MeV or more ( (b) dotted area ), it needs to decelerate to less than 0.1 MeV for '°’Pd transmutation by

(n,y) reaction.
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Figure 2: The deceleration of fast neutrons.
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Figure 3: The conceptual design of neutron source for
LLFP transmutation. Pd contains 17% of '7Pd.

Table 1: The Property of Neutron Source

Beam power

6MW (100 MeV/u 30 mA)

Beam type Deuteron ¢20 cm
Target . Cs ( liquid )
(Length/Radius) (14 cm / 10 cm)
Target Behind Cs Pd
(Length/Radius) (0.25 cm/ 10 cm)

Pd moderator

Forward (30 cm / 17 cm)

(Length/Thickness) Vertical (14.25cm/ 5 cm)
Backward (40 cm / 2 cm)

Heavy water moderator Forward (40 cm / 57 cm)

(Length/Thickness) Vertical (54.25 cm /40 cm)
Backward (30 cm / 18 cm)

FP region Pd (4 cm)

(Thickness)

Reflector (Thickness) Pb-Bi (20 cm)

- 925 -



Proceedings of the 16th Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2019, Kyoto, Japan

PASJ2019 FRPH(22

FER R 7 DD B i = L — M - (X R T LI HE
LD T, B —ARIHICEDED OGS Pd & X,
# 7 \TBOELES AU FIRAME 2 H 7 OO ST 2k
LIl — L% T IIT kS b 2T, Pd DR
BT, 3380 kg (JHHS 1 460 kg, FP 51K :2920 kg)&72
V. LLFP @ 'Pd [X 550 kg & £ TW5,

3. BREMEOEKRELORELY

HATIZIEET D HLW ITE F45 LLFP 29 X Tk
BT D703 HER oY — A R0 ELI N
THEY, BEBBEORM B2+ 223 EE
Thbd, BEHIZEY Pd O RINRKLAL - 7o AL
A3 5L, Pd OBEEBREL (T DHILT T EE
35 2 MR C X 00 B 70 % 28 R A (PRI — v H)LFE
DV T Ly 250 BT 72 e b3, A E
ORFEEALOFHE XM FIROMEREFHI IZ L ETH
b, LML PHITS DAY T 7A/WNZEITHEERY)
BEHEITMEREEEZ T THY, AFRT 1 fH7-vo
B RO X DR A 4 51 975 PHITS CIERpRIZ
(EDOFE N TER, F7-. PHITS OB EE2b LI
TR B L O HIFF 2 8 2 L O AR R B i il
T fE % §H B ©& % DCHAIN-SP = — R [3] (LA F
DCHIAN)L 65703, PHITS #H5 TR LAV E R A Bk
R =X = Hi b IR E T D720 I
PRI RN E(L L UK EEE Y I 2 —hL, A
PO LA 2L — T DZEITTEAR,

ZZ T, PHITS 33X DCHAIN OV —A7 7 A )L 43
HZ L IRD 2 WD ITIEICE ST, MR B IO A
BORZ O mE2FT -7,

(1) PHITS O#80 L FHH

(2) PHITS+DCHAIN O#05R L3+
MO LF RO m—F v —N Fig. 4 [T1R T,

(1). PHITS DKL &5
WA ORI 2 B FIIE P TEE L2 ST Bl
THERDHEEDORFHIRIC I T OB AR RIIARETH

PHITS
$8PX % input
emode=2
[ ] [ e | ey

30 days B25¢

BRSEE O E— LA

(mmsm | pmenm | BEERR
=1 17
WERRE

BE&HEMK

Z=44~48 T

HEVIMEZRSEIC, PHITS TEHESHI-ASHR 118
BT ORERE A Bl LB G 2RI O RF RO H U
A AR &R T8 — A58 (R 50 & BT Ll T3
BT AZLCEAERELHRE T D, BIBEKSRITEK
IR K DB E TR E LI LE DR/ RRE R LAD
WHILTEDOBEOE )G HF 57 H TE5)3, PHITS
DOFERER ) —TCIIEROEHENE TN H DB
JERIFFHTE TE WD 2 —F—ERHV—Z2ERkL .
PHITS D stc 7 7 A /L& 230 )L B2 TRIBEIZ LT,
AR CHEONIBARELMEDEEEZH LI, BE— A
FREHMZ OB LM A FEL, O % PHITS D5
T77ANMCA TV RELTEZD, ZNHEBVIRTZ
LT, A E LR ORI L Z T H T2,

(2). PHITS+DCHIAN Ok | #H5

PHITS DAL F R Q) EREX R T2, (1)
FETIEBEE O B LR ORI LA RE AR R = 1T
HCEDLN, AR OREICL LB O EILTER
VY, %2 C DCHIAN (2L G E AR L DR AR i
BAHETHZEICUTZ, L L DCHIAN (23RS
LB ORI BEFHE TERW O (BT, BEREA Rk
BAEFIE T 57200, (1) 51 C PHITS (ZL0HEEED
B FHHE L, DCHIAN OfREG b TEA R EA G
B2 hiEEE 2, 2O EORESIX, PHITS &
DCHAIN T 2 H 1 OFHMEN 872 D72 | BIEZ
/b #8515 (emode=2)& DCHAIN F1# f (emode=0)D
PHITS FHEZITHOMLERHY | FHRE R (1) O
TAHIETHD,

Al Fea b a1 T 72T IR(Fig. 30OV T(1)E
(2)D J7 15 TS Ha B DRE b & FH R LT (Fig. 5). i
AL T A 1 A &L, B —ARBE % 20 ££
e 7= 6 O A B L2 TERFEO BN B ISV T
Table 2 (ZFEEH7-, FIHMIE Pd DF7275, Ru, Rh,
Ag, Cd (Z = 44~ )b B DO TR A LA 3R L | B2 ROG
ERAEIZ LS TTEIMIL R IO E~DTFEHD
ERICANTZFHEEI 7T,

| PHITS +DCHAIN |
$BRX % input l
[userdefined] & Y — i.mode=2
PRRIDE mathz = 44 ~ 48 jmode=2
l 30 days B354
PR B zgggg E-L tdchain.yld

Figure 4: The method flow charts of calculatng the time evolution of Pd transmutation amount considering composition
change. PHITS iteration is left, PHITS+DCHAIN iteration is right.

- 926 -



Proceedings of the 16th Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2019, Kyoto, Japan

[T T T T [ T T 1T T [ T T T T [ T T T 1T [T T
S 200 [ —— PHITS (moderator) , ]
= L ——— PHITS (fp) e -
€ - = PHITS+DCHIAN (moderator) f,” T
8 150 __ = = = PHITS+DCHAIN (fp) i //“'/( __
% L ——— linear (maderator) P -
c -~ —— linear (fp) .7 / 7
9 i Ny ]
8 100 [ - ;
5 100 - L / i
E B /7 i
42} ’
= B ’ -7 ]
9 - e - -
—t V4 =
s 0r = P ]
I~ - ”, ’ .- g - - 7
=) L PRy i
— | - .

0 ST Tl o b b by
0 5 10 15 20

irradiation time [year]

(a) Initial composition is Pd composition in HLW.

PASJ2019 FRPH(22

IIII|IIII|II}iI|IIII|III_
200 —— PHITS (moderato
— == PHITS (fp)
—— PHITS+DCHIAN (moderator)
150 = = = PHITS+DCHAIN (fp)

linear (m;aéerator)
- =~ linear gjﬁ)
7

100

8,
o

1 T 1 1 | 1 T 1 T | 1 T 1 T | T 1 T | 1
.
TN T T [N T T T I Y T AN T A B |

107Pd transmutation amount [kg]

]
0 5 10 15 20
irradiation time [year]

(b) Initial composition is Pd even-odd separated.

Figure 5: The time evolution of '9’Pd transmutation amount in the neutron source dsigned (Fig. 3) this time with and
without odd-even separation[4]. Although there is no difference in PHITS iteration(red) and PHITS+DCHIAN
iteration(blue), it is very defferent from the calculation of linear approximation of '9’Pd reduction rete obtained in one
PHITS.

Table 2: Result of the Time Evolution Calculation (Sum of Moderator and FP Region)

107pd transmutation [kg] Increased stable Pd [kg] Increased Ru+Rh+Ag [kg]

Irradiation time phits phits+dchain phits phits+dchain phits phits+dchain
I year 19.2/10.7 17.5/102 15/1.5 220/9.4 0.7/0.6 0.7/2.8
(even-odd yes/no)

10 years 1435/77.9 | 130.7/752 | 81.7/-33.6 | 128.0/52.1 33/2.9 29/11.9
(even-odd yes/no)

20 years 225.7/127.9 | 2053/1157 | 582/-124.0 | 194.0/78.6 46/42 3.1/145
(even-odd yes/no)
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