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Japan Atomic Energy Agency (JAEA) promotes research and development of
Accelerator-Driven System (ADS) to reduce the burden for conditioning and disposal of
the high-level radioactive waste by transmuting minor actinide (MA). Since spallation
neutrons are supplied to ADS by a high-power proton accelerator at the center of the
core, there is a high power peak near the center. The power peak raises the maximum
temperature at the surface of cladding tubes and is one of technical callenges to use
lea'd'bisumuth eutectic (LBE) as coolant, because LBE is corrosive at high temperature.
In the present neutronics design, we investigated several methods to reduce the power
peak, and showed the reduction of the temperature of cladding tubes and the influence
of such design modification to the required beam current. These methods are
adjustment of inert matrix content in fuel in each burn-up cycle, multi-region design in
terms of plutonium enrichment, pin radius and inert matrix content, and modification of
the level of the beam window position and the height of the central fuel assemblies. As
the result, the maximum temperature at the surface of fuel cladding tubes can be
reduced by 110 °C by combining the adjustment of inert matrix content in éach burn-up

cycle and multi-regin design in terms of pin radius or inert matrix content.

Keywords: Transmutation, Accelerator-driven System, ADS, Power Flattening,

Multi-region Core, Power Peaking, Lead-bismuth Eutectic, Clad

Temperature, Sub-criticality
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£ 3% 63.8% — — —
5§ 49490 64.3% - — —
E 590 64.5% — — —
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64.5% — «— -
AR PuEE (vol%) 30.7% — - -
BEESE(em) 0.6108 0.7045 0.7591 0.8502
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107.06 2
117.1497 5
138.4 8
180.91
Yo} —
0w - < <
0 mg:; E X S rcm
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HRFLF L
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220

270

z (cm)

R aHA2
A-1 4 fE, TWODANT & €7 /v
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A2 AR
# A-2 [THREEE 45GWA/HMt © PWR 8 8t & 5 M AR ICHELE LTck, BIZ3
FERRTR LB A 0 MA & Pu i &7 3, MAICETED Pu-240 23, Puil Am-241 BAA
508 3 EMOIFETIC, TRFN., Cm-244 & Pu-24l ORI L > TERT H720T
BB, RASICHRHEREWRT 2 DEOBEBEL LR, SEOMRF T, T b DMK
AR & - TREMEIR O P EEEE 2 RO T, ‘

pEore — {(1 _ Rlnxl _ RP )DMA—N + (1 _R™ )RPuDPu—N + RInpZr-N }VFuel
+ DSUSyClad . pyLBEY Cool ,

K A1

Z T,

D = 3R B PREHEIR O 8 250 B2 (X 1024 8/cm3)

DYAN  pPeN  pI-N - pSUS - DLBE g A8 TSR U T B R B (X 1024 B em®)

R": WM AEHEEE

RP . 77 F= FERIZHD 5 PuEiEEIE
_VF“e’\ yClad yCol BT A BB 5, BBy b (EREED) . KEE. RO

wHM OBEFREIS .
Thb, ZARFIOEBEEGEIRRICE>TROLND,

.
v Fuel _ 4 (D“ZT)’ yClad _ 4 Dz’“(D"zT)Z’VCooIZI_ z (DJZ # A-2

23U P 23 P> 23lp

IIT, D BRBEVE T BREEBERES, P RHEYIEYF, THD,
Flo, #A4LTRBBIRUAOBEEEE R LT,

#£A-2 MA. Pufllif (BEL)

MA Pu
U-234 0.00% | 0.04%
u-235 0.00% | 0.00%
u-236 0.00% | 0.01%
Np-237 49.65% |  0.00%
Pu-238 0.00% | 2.38% |

{ Pu-239 0.00% | 54.48%

| Pu-240 0.32% | 24.19%
Pu-241 0.00% | 10.85% |
Pu-242 0.00% | 6.96%

Am-241 32.10% | 1.09%
Am-242m | 0.06% | 0.00% |
Am—-243 13.37% | 0.00%

Cm-242 0.00% | 0.00% |*
Cm—-243 0.03% | 0.00%
Cm-244 4.04% | 0.00%
Cm-245 0.39% | 0.00%
Cm—246 0.04% | 0.00%
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F A-3  PREHEIBAE R E O 85505 B (X 1024 {8/cmS3)
MA-N Pu-N Zr-N SUS316 LBE 5l (Ref r—2X)
U-234 0.0000E+00 | 1.0611E-05 3.9181E-07
U-235 0.0000E+00 | 0.0000E+00 0.0000E+00
U-236 0.0000E+00 | 2.6302E-06 9.7120E-08
Np-237 1.3003E-02 | 0.0000E+00 8.4619E-04
Pu-238 0.0000E+00 | 6.2072E-04 2.2920E-05
Pu-239 0.0000E+00 | 1.4146E-02 5.2236E-04
Pu-240 8.2755E-05 | 6.2562E-03 2.3640E-04
Pu-241 0.0000E+00 | 2.7944E-03 1.0318E-04
Pu-242 0.0000E+00 | 1.7851E-03 6.5916E-05
Am-241 8.2668E-03 | 2.8073E-04 5.4835E-04
Am-242m | 1.5388E-05 | 0.0000E+00 1.0014E-06
Am-243 3.4148E-03 | 0.0000E+00 2.2223E-04
Cm-242 | 0.0000E+00 | 0.0000E+00 0.0000E+00
Cm-243 7.6623E-06 | 0.0000E+00 4.9864E-07
Cm-244 1.0276E-03 | 0.0000E+00 6.6875E-05
Cm-245 | 9.8795E-05 | 0.0000E+00 6.4294E-06
Cm-246 1.0092E-05 | 0.0000E+00 6.5674E-07
N-15 2.5927E-02 | 2.5897E-02 | 3.0748E-02 8.8723E-03
Zr-nat 3.0748E-02 6.2288E-03
Fe—nat 5.6459E-02 5.5606E-03
Cr-nat 1.5272E-02 1.5042E-03
Ni—nat 9.5509E-03 9.4066E-04
Mo-nat 1.2172E-03 1.1988E-04
Mn-55 8.5026E-04 8.3742E-05
Pb-nat 1.3211E-02 | 7.8860E-03
Bi-209 1.6336E-02 | 9.7516E-03
g/cc) 14.32 14.32 7.09 7.76 10.21 9.08
Fe/Cr/Ni/Mo/|Pb/Bi=44.5/55{RP“=36.2%,
Mn=67.5/17/1| 5 (BEE) |R"=66.51%,
i & TD90%. SD85%{TD90%. SD85%/TD90%. SD85% 2/95/1 50,765 T=0.05.
(ER) P=1.1475
# A4 BRSO EEE E
A—4yh HATLF+ L4 REHA 1 REHA 2 R A
B-10 : 1.1804E-02
B-11 4.7511E-02
c-12 1.4829E-02
Fe-nat 6.5994E-03 3.9522E-02 1.1292E-02 1.1292E-02
Cr-nat 1.7852E-03 1.0691E-02 3.0545E-03 . 3.0545E-03
Ni-nat 1.1164E-03 6.6857E-03 1.9102E-03 1.9102E-03
Mo-nat 1.4228E-04 8.5206E-04 2.4345E-04 2.4345E-04
Mn-55 9.9387E-05 5.9519E-04 1.7006E-04 1.7006E-04
Pb-nat 1.3211E-02 7.8329E-03 3.9899E-03 1.0640E-02 2.6599E-03
Bi-209 1.6336E~02 9.6859E-03 4.9338E-03 1.3157E-02 3.2892E-03
T3 SUS/LBE=7/3 | SUS/LBE=2/8 SUS:/ ZLZ%B“C
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8k B # B E 2% iR AT

BT O AT 5 b | I HIBHEEE & 78 4 5 i 6L BE O il J7 17 3 A & LA O U CRHE L7,
THRE/BBEEZE L2,

& T

£ 4 Dlm]

vy vy Plml

BT AL E zlm] A =R FEEBE T R
% EFE §EE vIm/s]

#H S Q@) [W/m]

A E R < RRE Teoot (2)[K]

e R~ R

- M

% plkg/m3] =—1.218XTeon (2)+11060

EE 2 Cpld/kg/Kl= 146

#EiE R k[W/m/K]=0.01xTeo1 (2)+6.9

B PER L v [m2/s] =0.05497XTeool (2) 2~ 5.624E-5XTeool (2)'1+1.168E-7

vy—AdHT- Y OFKEERE Slm2l=y 3/2 P2— = D2/4
vy —Abl) OmhSEHES Liml==xD
S fH i & Delm]=4 X S[m?2])/Llm]
Nu=6.3+0.0167 X Pe0-85xPr0.08 -
Pe=PrxRe
Pr=0.014
Re=Delml/ v [m2/s]xv[m/s]
hiita[W/m?2/K]= k[W/m/K]l/De[m]xNu
B HF IR E Teonl(2) K]
=Teoot(0) [K]+ § Q(z) [W/ml/(S[m2] X vIm/s] X plkg/m3] X Cpld/kg/KDdz
B S R Telad(@) [K]= Teool(2) [K]1 +Q(2) [W/m)/ (2 7 rpinXhiitm)
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